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ApTpocKkonuyeckass MEHUCKIKTOMUSA Y OONbHbIX FOHAPTPO30M:
paspbiB MeXAY AOKa3aTe/NIbHOM MeAULIMHON U MHEHUEM
NPaKTUKYIOLWEro cneyuanucra

A.B. Capaes!, H.H. Kopaunos 2, T.A. Kynsiba'!, M.U. lllyouskos!, A.C. lemuH !,
A.A. CronsipoB*, A.IN. Cepenal3
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AKmyanbHOCmb. APTPOCKONVSI MHOTHE JIeCSITUIETHSI CUMTAIACh HAaMMeHee MHBA3MBHBIM U3 BCEX CYIIECTBYIOMINX XU-
PYPruvecKkux MeTOOB JieueHNs 60bHBIX TOHAPTPO30M, OAHAKO MpoBeeHHbIe B Havate XXI B. paHIOMMU3UPOBAHHbBIE K-
Huueckue uccinenoBanus (PKU) mpogeMoHCTpMpoBau 6eCIioe3sHOCTh M30JIMPOBaHHOTO JIaBaka U 1e6puaMeHTa y JaHHO
KaTeropuu MaryeHToB. B OTHOMEHMM YaCTUYHO MEHMCKIKTOMUY TIPY TOHAPTPO3€e CYIIeCTBYIOMIAs JoKa3aTeabHas 6a3a
0CTaeTcsl BeCbMa pasHOPOIHOI, UTO OTPAsKAETCs B IPOTUBOPEUNBOCTY UM HEOTIPEIEIEHHOCTM KIMHUYECKUX PEKOMEeH Ia-
1Mt 6ONBIIMHCTBA MTPOdeCcCHMOHaTbHBIX COOOINECTB, TTOCBAIIEHHbIX JaHHOI pobieMe.

ILlensto uccnedosanust CTaao MPOBeAeHME KPUTUUECKOTO aHAIM3a MyOIMKalMii BLICOKOTO YPOBHS TOKa3aTelbHOCTU
M aKTYaJTbHBIX KIMHUYECKUX PEKOMEHAAINI, TOCBSIEHHbIX YACTUYHO MEHVCKIKTOMUY Y MAIIMEHTOB C TOHAPTPO30M JJIsI
CpaBHEHMsSI C MHEHVEM MPAKTUKYIOIINX CITELMaIMCTOB 10 JaHHO MpobieMe.

Mamepuan u memodsi. Hamu 6butn mpoaHanusupoBanbl PKU u meraaHannsbsl PKU B 6asax maHHbIXx eLIBRARY
u PubMed, a Takke meiiCcTByIONIME KIMHMYECKME PEKOMEHAAIMY BeOyIIX MpodeCcCOHATbHBIX COOBIIECTB, MOCBSIIEH-
HbIe YaCTUYHOI MEHVCKIKTOMMM Y 6OTbHBIX TOHAPTPO30M. [IJIS meTannu3aiuy MOHMMaHMS MpolLiecca MPUHSITUS pellleHu i
B peaibHO KIMHUYECKON MPaKTUKE U OLI€HKM POJIM MHEHMUS SKCIIepTa B MepapXui JOKa3aTebHO MeIUIIHbI ObLT ITPO-
U3BeIEeH aHOHUMHBIN orpoc 60 MPaKTUKYIOIIMX TPaBMAaTOOIOB-0PTONEN0B, CIIeLMaIM3UPYIOIINXCS Ha JIeUeHUM Taly-
€HTOB C JaHHOJ ITaTOJIOTUEN.

Pe3ynvmamel. AKTya/IbHbIE HayUHbIE MCCIEIOBAHMS BHICOKOTO YPOBHS JOKA3aTEIbHOCTU EMOHCTPUPYIOT, 4TO Gosee
2/3 GONMBbHBIX TOHAPTPO30M C IMOBPEKAEHMEM MEHMCKA JOCTUTAIOT KyMMPOBAHMS CUMIITOMOB B pe3yJabTaTe KOMIUIEKCHOTO
KOHCEePBATUBHOTO JIEYEHMsI, TIO3TOMY TTOKa3aHMS K apTPOCKOIUM TIPY JleTeHepaTUBHBIX 3a060/IeBAHNSIX KOJIEHHOTO CyCTaBa
HOCSIT BeCbMa OTPaHMYEHHBII XapaKkTep. BOTbIIMHCTBO AeICTBYIONIMX KIMHUYECKUX PEKOMEHIAIMIT CKIOHSIIOTCS K apTpO-
CKOIMYECKO) i MEHUCKIKTOMUM B KaUeCTBE METOa BbIGOpa JIeueHMs] BTOPOTO YPOBHS mocyie He3(pGheKTUBHOCTM Heorepa-
TUBHOTO ITOAX0/Ia ¥ TOJbKO Y MaI[ieHTOB C MMHUMAaIbHbIMM KIMHYKO-PEHTTEHOJIOTMYECKMMM ITPOSIBIEHUSIMY TOHAPTPO3a.
B TO ke BpeMs1 MpOBeIeHHbIIT HAMU OIIPOC CBUJIETETbCTBYET 06 OTCYTCTBUYM €AVHOTO MHEHMS O TaHHOII MpobiieMe cpeau
MPAKTUKYIOIMX OT€YECTBEHHBIX CITEIVATACTOB.

3axioueHue. OCHOBBIBASICh HA TIONYYEHHBIX JAHHBIX, CIEAyeT KOHCTaTUMPOBATh HEOOXOMMMOCTh MPOBEJEHMs Kaue-
CTBEHHBIX MHOTOIIEHTPOBBIX MCC/IeIOBAHMIT, KOTOPBIE MTO3BOJISIT BBISIBUTh KOHKPETHYIO IPYITITY TAI[MEHTOB C ONpeeieH-
HbIM (DEHOTUIIOM FOHAPTPO3a, Y KOTOPBIX aPTPOCKOIMUECKAsI MEHUCKIKTOMMS MOKET ObITh 3G (EKTMBHOI B TOJITOCPOUHOI
TepCIeKTHBE, He YCKOPSIS TPOrpeccupoBaHme 3a60eBaHms C OCTeaYIoNIeil He06X0AMMOCThIO SHAOIIPOTE3UPOBAHMSI.

KnroueBble (JIOBa: rOHApTPO3, OCTEOAPTPUT, KOMEHHbI CYyCTaB, apTPOCKOINS, JereHepaTUBHbIN paspblB MEHMCKA,
PeseKIysI MEeHCKa.
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Arthroscopic Meniscectomy for Knee Osteoarthritis:
the Gap Between Evidence Based Medicine and Expert Opinion

Aleksandr V. Saraev!, Nikolai N. Kornilov 2, Taras A. Kuliaba!, Maxim I. Shubnyakov!,
Aleksandr S. Demin!, Aleksey A. Stolyarov*, Andrei P. Sereda !-®

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

3 Academy of Postgraduate Education of Federal Medical Biological Agency, Moscow, Russia

4 Stavropol State University, Stavropol, Russia

Background. For many decades arthroscopy considered to be the least invasive procedure among all surgical
interventions for treatment of knee osteoarthritis (OA). In the beginning of XXI century several randomized clinical studies
(RCS) demonstrated inefficiency of lavage and debridement for knee OA. The evidence regarding partial meniscectomy
for this category of patients remained uncertain. Therefore the published clinical guidelines are either controversial or
inconclusive.

The aim of this study was to critically review the current RCS and meta-analyses of RCS as well as actual clinical
guidelines of international orthopedic societies and compare them to expert opinions.

Methods. We searched PubMed and eLIBRARY databases for high evidence research and analyzed the current clinical
guidelines dedicated to partial meniscectomy for knee OA. Sixty orthopedic surgeons specialized in this field interviewed
anonymously to clarify the decision making process in real clinical practice.

Results. More than patients with knee 2/3 OA of with degenerative meniscal tear benefit from non-surgical
treatment therefore indication for arthroscopic partial meniscectomy is limited. The majority of current clinical
guidelines consider surgery as an second option if conservative treatment failed and only for non-advanced knee OA.
On the contrary experts interview demonstrated the lack of standardized approach as well as a lot of controversies
in clinical decision making.

Conclusion. The future research dedicated to partial meniscectomy in knee OA should be appropriately designed to
clearly differentiate the sub-population of patient who may benefit from arthroscopy in the long-term without carrying
the risk of rapid disease progression with premature conversion to arthroplasty.

Keywords: knee osteoarthritis, arthroscopy, degenerative meniscal tear, meniscectomy.
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BBEJEHUE

OcCTeoapTpUT KOJEHHOTO CyCTaBa (FOHapTpO3) —
BecbMa PaclpoCTpaHEeHHOe U aKTyalbHOe KakK C Me-
IULMHCKOM, TaK U COLMATbHO-9KOHOMMUYECKOI TOY-
KM 3peHus 3aboneBaHue: OKoao 25% miomeit crapiie
50 yleT MUCIBITHIBAIOT 60JIb BBUIY JereHepaTUMBHOTO
TOpaskeHMsI KOJIEHHOTro cycrasa [1, 2, 3.

B mHOrouMcieHHbIX MOHOTpadMsIX, peKOMEHIAIUSIX
M PYKOBOZCTBAax MpeACTaB/eHbl, KaK MPaBUIO, YeTbIpe
CTpaTeruu jiedeHusl, KOTOpble YacTO KOMOMHUPYIOTCS:
KOHCEePBAaTUMBHOE HEMeIVKaMeHTO3Hoe,
KOHCEPBaTUBHOE MeAKaMeHTO3HOE,
MHBEKIMOHHAS Tepamnus,

XUPYpruyeckoe: OpraHOCOXpaHsoIIye U opra-
HO3aMmeljawliye (3HLONPOTE3UPOBaHME) OllepaLyun.

Mbl crieniMajibHO He MPUBOAMUM 3[€Ch CCbUIKM Ha
KOHKpEeTHbIE KIIMHNYECKNEe PeKOMEHIalu, TIOCKOJb-
Ky OHM BapbMpPyKT B TOYHOM Ha3BaHUM CTpaTermu
JIeueHUs U COCTaBe ee KOMIIOHEHTOB.

B peasbHOCTM CyllleCTBYeT ellle M MsTas CcTpare-
ISl — CTpaTerusi B3BellleHHOTO HAGMIoNeHS U pa3yM-
HOTO pernieHus: 06 omepanyu. [aske He pasymMHOro, a
XOTSI OBI CKOJIb-HMOYIh HAYYHO 0O0CHOBAHHOTO pelle-
HMUS O TIepexofe OT HeXUPYPIrUIECKOTO K OlePaTUBHO-
My JieueHuIo. B npodeccroHanbHOM COOOIECTBE BCe
yaile 06Cy>)KIaeTcs UMeHHO 3Ta IpobieMa — KpuTe-
pueB nepexoga. OmHAKO MbI IIOTHOCTBIO TUIIEHBI BO3-
MOYKHOCTY COC/IAThCSI XOTh Ha KaKue-HUOYIb ITyOImMKa-
MM B 3TOM BOIIpOCe, TIOTOMY YTO IpobiieMa Bbhibopa
MeXIy KOHCepBaTMBHBIM U OINEpPaTUBHBIM JiIeUEHUEM
CYILIECTBYET, HO MCCIeJOBAaHMIT HA ITOT CUeT OOHapy-
SKUTDb He yIaeTcs.

Hamnbonee cioxkeH BbIOOP Bpaua B 4acTu 6e3BO3-
BPaTHOTO 3HONPOTE3MPOBAHMS U MOTBITKY BBITIO/THE-
HMS CYCTaBOCOXpaHSIOLIEeN onepauuyu (KOppUTHUPYIO-
I1asT OCTEOTOMMSI, apTPOCKOTIMS). AGCOTIOTHO ITOHSTHO
>KeJIaHye XUpypra COXpaHUTb CYCTaB U BbITIOHUTb, Ha-
NpUMep, apTpockonuio. Ho momoraet i apTpoCKOnus
IIpY OCTEe0apTPUTE KOJIEHHOTO CycTaBa?

ApTpockonyuyeckasi MOMbITKA MOMOYb MalMeHTy
C OCTeoapTPUTOM KOJIEHHOTO CyCTaBa BK/IKYAET
B ce06s1 TaBaK, JeOPUAMEHT (C TaBaykeM) M/JIH IapI-
QJIbHYI0 MEHUCKSKTOMUIO. B 53TOJ cTaThe MBI ITONIbITA-
eMCs IIPOBeCTU KPUTUYECKMIT aHAIN3 CYLIeCTBYIOLI e
JIOKa3aTeNbHOl 6a3bl U aKTyaJbHBIX peKOMeHIALuit
MMEHHO TI0 YaCTUYHOM MEHMCKIKTOMUU Kak bGosee
Mpo6JIeMHOJ, TaK KakK Hea(h(eKTMBHOCTh M30JIUPO-
BaHHOTO JIaBaXka U AebpuaMeHTa B IIpodeccruoHasb-
HOJi cpelle TPaBMaTOJIOIOB-OPTONEA0B MPaKTUIYECKU
He BbI3bIBaeT COMHEHUIA [3].

Hamu 6pu1n npoananusupoBanbsl PKU u metaa-
Hanu3bel PKU B 6a3ax maHHbix eLIBRARY 1 PubMed,
a Takke OEMCTBYWOIIME KIMHUYECKME DEKOMeHZa-
MY Beaymux mpodeccuoHaNbHBIX COOOIIECTB, IMO-
CBSIIIleHHbIE YACTUUHOM MEHUCKIKTOMUM Y OOTBbHBIX
TOHapTPO30M.

IerenepaTuBHOe 3a601eBaHMe
KOJICHHOTO CyCTaBa

TpaIuLIMOHHO K OCTE0apTPUTY MOOXOIAT Kak
K PEHTreHOJIOTMYECKOMY IMarHosy, OTOXXIEeCTBJISS
0CTe0apTpo3 MM OCTE0apTPUT C JereHepaTUBHBIM
3aboneBaHKeM. BriepBbie 9TOT TEPMUH MMEHHO B Ta-
KOM IOHMMAaHMUM (CMHOHMMMUYHOCTb IereHepaTuB-
HOTO 3a60/1eBaHMS ¥ PEHTTEHOJIOTMYECKOTO apTPo3a)
npenynoxwin J. Puranen u H. Ronty B 1978 1. [4].

OpHako pa3BUTME MarHUTHO-PE30HAHCHOM TO-
morpaduu (MPT) u apTpockonuu MeHsIeT 3Ty Hapa-
IUTMY: CYLIECTBYeT MMEHHO JereHepaTMBHOEe 3a60-
JleBaHMe KOJIEHHOTO CyCTaBa, KOTOpOe MOXeT U He
MMeTb PeHTTeHoornueckyio popmy. Henb3s ckasath,
YTO «JIOpPEeHTTeHooruueckass» Gopma aptposa o06s-
3aTe/NIbHO TIEPEXONUT B «PEHTTeHONIOTMUECKYI0» —
B KIIMHMYECKOJ MpaKTHUKe BecbMa YacTO BCTPEYaloT-
Csl MaUMeHTbl NMPEKJIOHHOr0 BO3pacTa C JAereHepa-
TUBHBIMU NOBPEXAEHUSIMU MATKOTKAHHBIX CTPYKTYD
6e3 KaKuX-JIM6O PEHTTEHONOTUYECKUX U3MEHEHUN B
KOJIEHHOM CyCTaBe. B 3TOM acrekre Mbl aGCOMIOTHO
cornacHbl ¢ MmHeHMeM R.A.C. Siemieniuk ¢ coaBTOpa-
MU [2] 0 TOM, UTO KOppeKTHee BbIEATh iBe (HopMbl
(HO He CTamuM) JereHepaTUBHOrO 3ab0eBaHUS KO-
JICHHOTO CyCTaBa:

— 6e3 NMPU3HAKOB OCTE0APTPUTA,

— C OpU3HaKaMM OCTeoapTpuTa.

IereHepaTuBHOe 3a00ieBaHME KOJIEHHOTO CYCTa-
Ba — MHK/IIO3MBHBIM TEPMMH, IOHMMaHue KOTOPOTO
Ba)XHO [1JIS1 IPUHSTUS PELIEHNS O IOTIBITKE apTPOCKO-
MMUYECKOI MOMOIIU. DTOT «AMarHO3» MPUMEHUM JJIsI
nauyeHToB crapiie 35-40 yieT ¢ 60/1bI0 B KOJIEHHOM
cycraBa ¢ i 6e3 (o R.A.C. Siemieniuk ¢ coaBTopa-
MM [2] C U3SMEeHEeHUSIMU U IONIOJIHEHUSIMU)

— OCTPBIM M MOJOCTPBIM HAYAJIOM GOJIe;

— MpMU3HaKaMM OCTeoapTpUTa NpU BU3yaIU-
3aI[MOHHBIX O00C/IEeNOBaHUSIX, B TEPBYI0 OYEpENb
PEeHTreHOJIOTNYEeCKNX;

— MOBPEXIEeHUSIMM MEHMCKOB HETPaBMaTU4eCKO-
ro UM MaJIOTPaBMaTUUeCKOro reHesa;

— MexaHMYeCKMMM CUMITOMaMy (TIOA3aKIMHU-
BaHMs, 60JIE3HEHHbIE TETYKM) 38 UCKITIOUEHNEM 00b-
eKTVBHOTO 6JI0Ka KOJIEHHOTO CYCTaBa IPY «OOJIbIINX»
MOBpEeXAEHMIX (pa3pblBbl MEHMCKA 0 TUITYy «PYy4KU
Jieiiku», GJIOK CycTaBa KyJIbTeli MPU 3HAYUTETHHOM
paspbiBe MEHMCKAa WIM Ky/abTell MepefHeil KpecTo-
06pa3HOIi CBI3KM U T.1.).

BOonpIIMHCTBO MalMeHTOB C AereHepaTUBHBIM 3a-
6oeBaHMEM KOJIEHHOTO CyCTaBa MMEIOT Kak MUHMU-
MyM OIMH U3 MepeuncieHHbIX Bblllle Kputepues [5].
TepMuH [ereHepaTMBHOTO 3a007€BaHUS KOJEHHOTO
CyCTaBa, Ha Halll B3I/IS[, MaJIONIPUMEHUM K NalyeH-
TaM C OCTPbIM HauyaJIOM CMMIITOMOB IOC/Ie aJleKBaT-
HOJ1 TpaBMBbI BHE 3aBUCUMOCTH OT UX BO3pacTa.
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PexomeHmanuy mpodeccuoHaIbHbIX
COOOIIECTB IO YaCTUUYHOM MEHMCKIKTOMMUU
MpY JereHepaTuBHOM 3a00/IeBaHUU
KOJIEHHOTO CyCTaBa

Ha BepinHe nokasaTe/lbHONM MMpaMMUIbl HAXOISIT-
Cs1 MeTaaHa/IM3bI [6], HA OCHOBE KOTOPBIX U (GOPMY/IN-
PYIOTCSI TaiiijIaliHbl UV KIMHUYECK/ e PeKOMEeHAALVN.
B Haieit cTpaHe B COOTBETCTBMM C 3aKOHOIATeNb-
CTBOM KJIMHMYECKME PEKOMEHIAIUM YKe TPaKTUUECKU
00s13aTe/IbHbI K MCIIOJIHEHMIO, B TO BpeMsI KaK BO MHO-
IMX OPYIuX CTpaHax Bpad ropasmo 6ojee cBo6GomeH
B BbIGOpe Jseuenus. Hampumep, K.P. Meiyappan
C COaBTOpaMM M3y4YUIM BOMPOC O TOM, KaK CTPOTO
oprornensl CIIIA B cBOei MpaKkTMKe COOMIONAIOT pe-
komenganuu AAOS [7]. [Ipu ananuse 1096 BU3UTOB
MalMeHTOB C IepBUYHBIM OCTEOAPTPUTOM K OpTOIIe-
IaM 0Ka3aaocCh, 4YTO:

— IIpU TIepBOM OOpaleHuy (BII€pBbIE YCTAHOB-
JIEHHBI}I OMarHo3) Ha3HaueHHOe JieueHMe COOTBeT-
cTBOBAJIO pekoMeHaaiusaM AAOS B 65% ciryuaes;

- y 00paTMBIIMXCSI IMAI[MEHTOB K 3TOMY Bpauy
B IIEPBBII1 pa3, HO paHee yXKe MOTyYaBIINX Teparnnio, —
B 60%;

— Y MOBTOPHBIX MAIlMEHTOB — BCEro Juiib B 40%.

ApTpocKonuueckye IOMNBITKM MOMOYb ITallyeH-
TaM C 0OCTe0apTPUTOM ObIIM BeCbMa pacIpoCTpaHeHbl
B XX B., HO CIIOPHOCTH pe3y/bTaTOB U IOSIBJI€HME TeX
WIV VHBIX TaiijIaliHOB, He PEKOMEHAYIIINX apTpo-

CKOIIMIO IIPU OCTE0apTPUTeE, B ITOC/IeIHIE IBa EeCSITH-
JIeTUSI CTaau YMeHbIIAaTh XUPYPruuecKyo aKTUBHOCTbD.
Hamnpumep, B nepBoM HIBeICKOM Hal[MOHAJIbHOM DY-
KoBoacTBe 2012 r. mosiBMiIach peKOMeHAauus O He-
3(pGEeKTUBHOCTM apTPOCKONMU IIPU OCTEOAPTPUTE
KOJIeHHOTrO cycTaBa [8]. Oka3anock, 4TO 4YMUIO apTpo-
ckormii B llIBeuuu B Te4eHMeE ABYX JIET MMOC/IE BbIXOAA
IAaHHBIX peKOMEHAAINA YMEHbIIMIOCh Ha 28,6% Tpu
oCTeoapTpuTe U Ha 34,7% Npu JereHepaTUBHBIX I10-
BPEXIEHUsIX MeHUCKa [9].

OmHako B pasHbIX raimajaiiHax (opMyIMpOBKU
10 TIOBOAY apTPOCKONMM HECKOJIbKO BapbUPYIOT, U
B psifie CIyyaeB, yallle MMPY PeHTreHOJOTUYeCcKu He-
IOKa3aHHOM OCTe0apTPUTe, aPTPOCKOINSI, 0COGEHHO
YacTUYHasi MEHMUCKIKTOMMUS, TPU AereHepaTUBHOM
3a60/1eBaHNY KOJIEHHOTO CyCTaBa AOMYyCKAeTCs.

B 2021 r. BBIlIIZIa OUepeaHas, TPEThS PeOaKIMs KN -
HUUYeCKMX pekoMmeHaanmii AAOS no sedeHMO OCTeO-
aprpura [10] KoTOpasi BbI3Bajia HEKOTOpOe yAMBIEH e
" BMeCTe C MHTepecHoi Kputukoii S.S. Leopold [11]
mobyamsa Hac HaMcaThb 9Ty CTaThIO.

Tabnmuua 1 comep>kKUT SBOTIOLMIO PEKOMEHMa-
uuit AAOS 110 apTpoCKOIuM IIPU OCTEOapTPUTE.
OcrasibHble peKOMEHIALMM Mbl He BKJIKOUMINU B ITY
TaGMUITY CIIeIMATbHO, TTIOCKOIbKY IIPUCTAIbHBIN aHa-
Jin3 pekomeHgaunii AAOS u psiga Apyrux raiajiainHoB
(cM. HUKe) BBISIBUJI HEKOTOPYIO 6eCCMBICIEHHOCTH
CBeIeHMs] peKOMeHalui B eJUHYIO TaOInILy.

Tabnuya 1

dBomonyus pekomeHzanuii AAOS Mo apTpockonuy Npu OCTeoapTpuUTe
(c opueHTanMel B CTOPOHY YaCTMYHO MEHMCKIKTOMMH, a He JIaBaska/aeopuaMeHTa —
Takas JeTaJIu3anus OblJIa BO BTOPOi U TPeThel peJaKIMsIX raiajiaiiHa)

1-a pemakums, 2008 [12]

2-s pegaxkuyst, 2013 [13]

3-s1 pegakums, 2021 [10]

ApTpockonuueckasi YaCTMUHasi MEHUCKIKTOMMUS VI yaaJleHe CyCTaBHO MBIIIY — OMIMST
y MMaIMeHTOB C CUMIITOMaTUYECKMM OCTE0APTPUTOM, Y KOTOPBIX TAaKsKe MMEIOTCS TTPU3HAKU
Pa30pBAHHOTO MEHMCKA V/MJV CBOGOJHOTO BHYTPUCYCTABHOTO TeJIa

YpoBeHb fokasaTelbHOCTU — V. CTeneHb pekoMeHgauuy — C

MbI He MOKEM PEKOMEHIOBATh MM HE PEKOMEH/IOBAThH aPTPOCKOMIMYECKYIO YACTUIHYIO
MEHMCKIKTOMMIO Y MAIEHTOB C OCTE0APTPUTOM C Pa3spbiBOM MEHMCKA
Cua peKoMeHAaLVY — HeybeauTeIbHas

ApTpockonyyeckast YaCTUYHAsT MEHUCKIKTOMMUS MOYKET VCITO/Tb30BAThCS AJIST JIEUeHUST
Pa3pbIBOB MEHMCKOB Y MAIIMEHTOB C KOHKOMUTAHTHBIM OCTE0ApPTPUTOM, KOTOPbIE He
ronyuwiu 3¢ derTa oT GU3noTEpanUU WM IPYTOTO HEXUPYPTUUECKOTO JIeUeHUST
Cwia peKoMeHJaluy — yMepeHHast

Utak, opyrumu cioBaMu, 3BOJIONUS PEKOMEH-
nmaiuit AAOS BBRITISSAUT CAeOyOmUM 06pa3soM: CHa-
yaja «MHOTHA Ia», 3aTeM — «Hejb3s1 cKa3aTb», IO-
TOM «MHOTOA 14, eI He ITOMOIJ/Ia KOHCEpBaTUBHAs
TakTuKar». [IpM 3TOM B TpeTheM CJiyuyae <«MHOTAA»
He TaKoe, Kak B IIepBOM, U J00aBUJIOCh YTBEpKIe-
HUe o «mowie He3(p@eKTUBHOI KOHCepBAaTUBHOI
CTpaTermm».

IIpoBemeHHbIIT HAMM aHa/IM3 ITOKa3aa 1eJblil psi,
BaXKHBIX OCOGEHHOCTEl, IMMOHMMAaHMe KOTOPhIX, KakK
HaM KaskeTcsl, O4eHb BasKHO JIJIS1 IPaKTUUeCKOro Bpaya,
UHTEPIPETUPYIOLIEr0 PeKOMeHIalluM 1 TPUHUMAI0-

IIIero BMeCTe CO CBOMM IallMeHTOM HeIloCpe/ICTBEeH-
HOe pellleHue 06 ornepainin.

B mepsoii pemakiuu ravignaiina AAOS (2008) pe-
KoMeHpaIus 6bIa He 060CHOBaHA HUMKAKMMM VCCIe-
IOBAaHMSIMU UM SIBJISVIACh MCK/IIOUUTEIBHO JKCIIEepPT-
HbIM MHeHMeM. Kak oTMeuamT camu aBTOpbl: «Her
MCClieIOBaHM, M3y4yaBIIMX TOJAb3y apTPOCKOIMUe-
CKOJ1 MapLyaTbHO MEHUCKIKTOMMUM W/UIU YIATEHUS
CBOGOMTHOrO0 BHYTPUCYCTAaBHOTO Tejla Yy MallMEHTOB
C MEepBUYHBIM IMArHO30M pa3pbiBa MEHMCKA U/UIU
CBOGOMTHOrO BHYTPUCYCTABHOTO Teja M BTOPUYHBIM
JMarHO30M OCTeoapTpura...» [12].
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Bo BTOpOii pepmakuuu raignmariHa AAOS (2013)
peroMeHpanus 6a3upoBasach TOTHLKO HAa OZHOM MC-
ciegoBanuu S. Herrlin ¢ coaBropamu [14]. dTo mc-
cremoBaHue 6bI0 ommy6mKoBaHo enie B 2007 T., Tak
YTO COBEPIIEHHO HEMOHSITHO, II0UeMY OHO ObIJIO IPO-
UTHOPUPOBAHO aBTOpamMu IepBoit pemakunum 2008 r.
Benp HMKakoV TpygoeMKUilI MeTaaHa/IM3 HAa OCHOBA-
HUM OHOJ PabOThI He HYKEH, ¥ BKIIOUNTH B TAKOM
oIydae eIMHCTBEHHYIO ITyOIMKaIMi B 0O00CHOBaHME
3aHSTI0 ObI OYKBAJbHO HECKOJIBKO MMHYT. B cBoeit
pa6ote S. Herrlin ¢ coaBropammu mpu a”Haiause 90 ma-
LIMEHTOB OOHAPYKM/IU, YTO apTPOCKOMMYEcKas Imap-
UyMaabHasi MEHMUCKIKTOMMSI TIpU JereHepaTMBHOM
paspbiBe C MOCAeOINepaliOHHbIMU YIIPKHEHUSIMU
110 3¢ PEKTUBHOCTY HUUEM HE OTJIMYAETCS OT KOHCEP-
BaTUBHOTO jleueHus (yripaxkHeHus) [14]. Crout otme-
TUTb, UTO B UCCIENOBAaHUM OUeHb MHOTO MalieHTOB
O6bUIO MOTEPSTHO Ij1s1 HabmomeHus. PopmMyaMpoBKa
raigmarina AAOS 2013 r. He gaBasia MPaKTUUECKOMY
Bpauy MHMOpMaILyM 0 TOM, KaKkas cTpaTerus (KoHcep-
BaTMBHAS MM apTPOCKOMNMYEeCcKass MeHUCKIKTOMMUS)
npepnouturenbHee [13]. akTuyecku Bpauu BOCIIPU-
HMMaJIM 3TU CTPaTermm Kak paBHble, XOTSI MUMeBILAsICS
K TOMy MOMEHTY AoKa3aTelbHas 0a3a JO/DKHA ObLia
OBbI CKIIOHSITb K OTKA3y OT apTPOCKOITUMA.

YyThb 1MO33Ke BBIILIM APYrMe KauyecTBeHHbIe pabo-
ThI, IIOKA3aBIIye paBHYIO 3GOEKTMBHOCTh apTPOCKO-
MY M KOHCEePBAaTUBHOM TakTuku [14, 15, 16 17, 18].
By u gpyrue uccienoBaHus, IpaBaa, YyTh Xy Iero
KayecTBa, He TIO3BOJISIBIIME BKIIOUUTH UX B PACCMO-
TpeHMe SKCIIepTaMy IOCAeaYIIMX TaiajialiHOB, HO
TeM He MeHee aHaJOTMYHO He MOKa3aBIIMX MPeuMy-
mecTB aprpockonuu [19, 20, 21].

B cBgI3M ¢ HakamuMBalolleics AoKasaTelbHOM
6a3oit B 2017 r. B nmpodeccuoHaJbHOM COOOIIEeCTBe
MOSIBWJINCh 0G0CHOBaHHbIE MPU3BIBBI OOHOBUTH pe-
komeHmauynm AAOS, usMeHUB GOPMYJIMPOBKY Ha
6ojiee KOHKPETHYIO M JaloIIyi0 BpadyaM OoJiee 4eT-
KOoe TIOHMMaHue Oecroje3HoCTH apTpockomnuu [22].
N Bot B 2021 r. BBINIIA TPEThbs pedaKiusl ragmiani-
Ha AAOS [10]. Pekomenpanysi B 4acTu 4aCTUYHOM
MEHMCKIKTOMUNM YyKe 06a3upoBasach Ha Tpex WUC-
ortemoBaHMsIX. IIoMMMO yKe YIIOMSIHYTOlM pabo-
b1 2007 1. S. Herrlin ¢ coaBTropamu [14], 3T0 6BLIN
myomkauym J.N. Katz ¢ coaBropamm 2013 1. [15]
u V.A. van de Graaf c coaBropamu 2018 1. [16].

J.N. Katz ¢ coaBTOpamu IpoBei MHOTOILIEHTPOBOE
PKU cuMIITOMaTUYECKUX ITAIMEHTOB 45 JIET U cTapiie
C pa3pbIBamMy MEHUCKOB U MIPU3HAKaMU YyMEPEHHO- U
cpegHeBbIpakeHHOTro rToHapTpo3a. CpaBHMUBAIUCH Ya-
CTMYHAsI MEHMCKIKTOMMS U CTaHAapTHas KOHCepBa-
TUBHasT GusnoTepanusy/ynpaxkaenns. OKka3anaoch, UTO
nmpu intention-to-treat (ITT) aHanm3e (malMeHT aHa-
JIM3UPYETCS B TOI TpyIile, B KOTOPYIO OH MOTMasa U3-
Havya/JIbHO MPU paHAOMMU3AIMY, TasKke ec/u TaleHTy
13 KOHCePBATMBHO I'PYIIIIbI TOTOM ObLIa BBITTOTIHEHA
orepaiiusi) yepes 6 u 12 Mec. He ObIJIO JOCTOBEPHBIX

pasauumii mo (PyHKUMOHATBHBIM Mcxogam. OmHaAKo
30% manuMeHTOB U3 TPYIINbl KOHCEPBATMBHOTO Jieye-
HUS 6BUIM TIPOOTIEPUPOBAHBI B CBSI3U ¢ HeahPeKTUB-
HOCTHIO KOHCEPBATUBHOI TaKTUKM [15].

V.A. van de Graaf c coaBTOpaMy BBIIOTHUIN
aHaJloTMyHOe MHOoroneHTpoBoe PKU. Kpurepusmu
MCKITIOUeHUsS SIBJISUIMCH: OJI0Kaja cycraBa, orepa-
MY B aHaMHe3e, HeCTaOMIbHOCTDb M3-3a MOBpeXe-
HUSI KPeCTOOOpasHbBIX CBSI30K, TSIKEbII TOHAPTPO3
(4-s cragust o Kellgren - Lawrence) u UMT >35 kr/m?.
Pasnuumit MeXXny IpyniiaMu Takke He ObLI0 06HaApy-
>KeHO. B rpyrine KOHCepBaTUMBHOTO JieueHUsI B CBSI3U
¢ He3(PeKTUBHOCTHIO 29% MalMEeHTOB ObLIa BbIIIOJ-
HEHA YaCTMYHASI MEHMCKIKTOMMUSI B Iepuoje Habo-
neHus o 24 mec. [16].

Takum o6pa3om, BCe TPU MUCCAEAOBAHMS He TTOKa-
3/ pa3sHUIBI MEXAY KOHCEPBATUBHOM TaKTUKON U
napuuaabHOM MEHMUCK3KTOMMeNn. OgHAKO 3KCIIEPThI
AAOS chopmyampoBaiy CBOIO PEKOMEHIALIMIO, KaK
BIIOJIHE JOITYyCKAIOIYI0 YaCTUUYHYI0 MEHUCKIKTOMMIO
[10] (cm. Tabim. 1). ITO HECKOITBKO YOAUBUTEIHHO.

Kpome TOrO, HE coBceM MOHSITEH TOT (aKT, UTO
srceptel AAOS chopmynupoBaiu BO3MOKHOCTD
apTPOCKOMMUECKOV MEHUCKIKTOMMUM Tocie Head-
(DeKTUBHOI KOHCEPBATUBHONM TAaKTUKN: B HACTOSIIEE
BpeMsI He CyIEeCTBYeT MCCIeI0BaHMf, B KOTOPHIX ObI
usydanach 3(PGEeKTUBHOCTb apTPOCKOMNMHU ITOCIe He-
YIOA4HOM KOHCEPBAaTUBHOM TaKTUKU. IIpu Bceit BHeI-
Hell JIOTMYHOCTU TaKOM IMMOCTAaHOBKM BOIpOCa O MO-
CJiefloBaTebHOM CMeHe CTpaTerMy Ha caMoM gese
HY>KHO IYMaTb O TOM, UTO €CTb MalMeHTbI, y KOTOPBIX
apTPOCKOIMMYeCKas MEHMCKIKTOMMS Oblia ITOKa3aHa
M3HAYalIbHO, T.e. 3TO He TMalMeHThbl C OCTE0apPTPUTOM,
a TMalMeHTbl C M30AMPOBAHHBIM [ereHepaTUBHbIM
paspeIBOM MeHMCKa 6e3 KOCTHOTO OCTeoapTpuTa.
KpuTtepuu BK/IIOUEeHMS B OMMCAHHBIX BBIIIE UCCAEN0-
BaHMSIX He ITPOBOJST 3Ty TPAHUITY YETKO 6O He Mpo-
BOAAT BooOme [14, 15, 16, 17, 18, 19, 20, 21].

IMoskanyii, emMHCTBEHHAsT paboTa, KOTOpas IOKa-
3aj1a 3 PEKTUBHOCTh aPTPOCKOMIMM ITPY OCTEOAPTPU-
Te, — aro nmybnukanus H. Gauffin ¢ coaBropamu [23].
ABTOPBI CPaBHMBAJIM TPYIIIBI «9ACTUUHAS PE3EKIIVS +
dusuorepanus» u «dusmorepanus». OOHAKO KpuU-
TepueM BKJIIOUEHMS] MALMEeHTOB SBJSJIOCh HaIudue
MeXaHUYeCKMX CUMITOMOB 1 0 cTaiusi ocTeoapTpuUTa
o Ahlbédck (B raitanaiine ESSKA 2017 [24] omn60uHO
YKa3aHO, YTO KPUTEPMEM BKITIOUEHMS ObLIa CTAIMS T10
Kellgren - Lawrence <2). 9To BecbMa BaykHasi pemMap-
Ka, MOCKOJIbKY, OMSTh e, 3TO MalMeHTbl, MOAXOHs-
e AJjisl apTPOCKOMMUM TIPU OCTe0apTpPUTe, KOTOPbIi
Ha camMOM Jejie He KOCTHBIV OCTe0apTpuT, a AereHe-
paTMBHOe 3a601eBaHMe KOJIEHHOTO CYCTaBa C AereHe-
pPaTUBHBIM Pa3pPbIBOM.

S.S. Leopold cumTaeT, UTO HOBasl pedaKIus Taimi-
jgariHa AAQOS, paspemamoiias apTPOCKONUIO IIPU
0OCTeoapTpuTe — 3TO IIar B HeMpaBUJIbHOM Hampas-
JeHny, a GOpMYIMPOBKA O IIPUMEHEHUM apTPOCKO-
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My 1ocie 6e3yCcrenrHoro KOHCEePBATMBHOTO Jiede-
HUSL UMeeT 3Tudeckue mpobiemsr [11]. [Ipu sTomM HU
raipiaita AAOS 2021 r. [10], au S.S. Leopold [11] He
ynomuHaioT paboty H. Gauffin ¢ coaBropamu [23]. Mbr
CKJIOHHBI AYMATh, UTO apTPOCKOIIMS He TTOKa3aHa IIpu
0CTeoapTpuTe, HO HeEOOXOIVMO BBIESATh NAlMeHTOB
C IereHepaTUBHBIM 3a60/1€eBaHMEM KOJIEHHOTO CyCTa-
Ba ¥ MeXaHMYECKMMM CUMIITOMAaMM, § KOTOPBIX ap-
TPOCKOITMSI MOKET OBITh ITOKa3aHa, a He TPYIIIY 60JIb-
HBIX TOHAPTPO30M ¥ MeXaHUYECKMMU CUMIITOMaMM,
Y KOTOPBIX ITOA0O6HAS OpraHOCOXPAHSIONIAsI OTIePAIS
HeceT TOJIbKO PUCKNA.

[ToMyMO 3TOTO CYIIECTBYIOT U APYTYe PeKOMeHa-
uym: ESSKA (2017) [24], NICE [25], BASK [26], uiBez-
CKMe HalUMOHa/lbHble peKOMeHaauuu [8], mosuuumn
psima mpodeccuoHambHbIX coobmiectB Kananmer [27],
ABctpanuu [28] u MeTaaHanM3bl. Mbl OOHAPYKMIU
13 meraanamm3sos [29, 30, 31, 32, 33, 34, 35, 36, 37, 38,
39, 40, 41] n elle 6 MeTaaHaMN30B OT HAIIUX KUTA-
CKMX KOJIJIET, KOTOPbIE BECbMa aKTUBHO ITyOIUKYIOT X
B MocieqHMe OBa-Tpu roma [42, 43, 44, 45, 46, 47].
Bo Bcex aTMx JOKyMeHTax CYIIeCTBYIOT pasHOoO6pas-
HbIe Bapuanyuu GopMyInpoBOK.

TyNuK A0KasaTeIbHO MeIUITMHbI

AKTHBHOI 3pe [0Ka3aTelbHOVW MeIVLVHBI YXKe
6osiee ueTBepTU BeKa. IIperonaraaoch, UTO Ha Bep-
IIMHEe TMpaMuabl O6yOyT MeTaaHalIu3bl, 0606IIa0-
mue pesyabraThl PKU. B meTaaHanu3e ecTb pasnpen
pekoMeHAaluit O MOUIeAYIOMNX HayYHbIX MCCAeno-
BaHMSIX. Ha mpakTuke IO/MyyaeTcsl, YTO B MeTaaHa-
JIM3ax BCeraa MpUCYTCTBYET MPU3bIB K HEOOXOIMMOC-
™ ganbHelmux PKU, Tak Kak MMeIIUXCI — Majlo,
a KOPPEKTHBIX — ellle MeHbIIIe.

[IpMeHUTETbHO K YaCTMYHON MEHMUCKIKTOMMUM
IIPM OCTEeOapTPUTE BCE MeTaaHAIM3bl OCHOBBIBAIOT-
cs1 Ha niatu-mectr PKU [14, 15, 16, 17, 18, 23]. Pexxe
aBTOPBI BKIIOUAIOT MeHee KaueCTBeHHbIe paboThl, HO
UX TOXke HeMHOTO [19, 20, 21]. CoBceM HemaBHO ObLIN
OITyO/MIMKOBAaHbI ellle OBa KauecTBeHHbIXx PKU [48,
49]. TocTaTOYHO MHOTO ITyGIMKAIIMiI C COOOIIEHEM
0 He3(DPEeKTUBHOCTM apTPOCKONMU IIPU OCTEOapTPu-
Te B I[€JIOM, HO MbI He O6y[eM UX IPUBOINUTH, TaK KaK
B HUX CMeIIaHbl JIaBaK/MeOPUAMEHT U/UIU YaCTUU-
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Hasi MEHMCKIKTOMMS. B 11€eJI0M MOXHO OTMETUTb,
yTo KavecTBeHHbIX PKU mo Teme MeHblle AecsTKa,
a MeTaaHaIM30B, PEKOMEHIYIOIIMX BBITIOTHSTD 60JIb-
Ile KaYeCTBEHHBIX paboT, Kak MMHMMYM 20, ecu [o-
6aBUTH K YKe YIIOMSHYTBIM MeTaaHajau3aMm paboTy
S.R. Bollen ¢ coaBTopamu [50].

He MoXeT OBITH YCTOWUMBOJ IMpaMMUAA TOKa-
3aTeNbHOI MeAVIIMHBI, eCIu ee BeplIyMHa OoJblie,
yeM ocHoBaHMe. Eciu MeTaaHa/NM30B B [IBa C JIMII-
HUM pasa 6osnbine, yeM camux PKU, TO 3TO TyIMuK.
KauecTBeHHbIe PabOThl CyMMAapHO BK/TIOUAIOT BCETO
400-700 mauueHTOB B 3aBUCUMOCTH OT CTPOTOCTU OT-
6opa PKU u KpuTepueB BKIIOUEHMS TTALIVIEHTOB.

S.R. Bollen ¢ coaBTOpamMM roBOpST O HACTOSIIEM
KOIIIMape JJIs1 ICC/IeIOBaTeJIs, MbITAI0MIerocs CoenaTh
meTtaaHanu3 [50]. MbI coryiacHbI ¢ HUMM, TaK KaK He-
60mbI10€e KommuecTBO PKU mpocTo He M03BOJISIET BbI-
IeJTUTh Pa3sHbIX MAlMeHTOB. B KiIuHMKe Bce malueH-
ThI pa3Hble. MoeanbHOTO ManyeHTa M3 MeTaaHaau3a
He cymecTByeT. Ecin 661 PKU 6110 60JbIIE, TO MBI
OBl TIOMydau Gojiee HeTANIN3UPOBAHHYIO KapTUHY,
HO 3TOTO He ITPOVCXOAUT: Ha CTPOIIKe apXUTEKTOPOB
B JIBa pasa 6osibllle, yeM paboumx. A ecyiu 106aBUTh
obuIMaNbHble MOSUIIMM IMPO(PECCUOHATBHBIX CO-
001IecTB, TaiaIaiiHbl, HAIlMOHAJIbHbIE PEKOMEH[a-
LI, TO apXUTEKTOPOB OymeT Gosbile, yeM pabounx
KaK MMHMMYM B TpM-ueTbipe pasa. Takas mmpammu-
IIa He MOKET ObITh YCTOINYMBOI — OHA IEepeBepHeT-
cs1 cama, 160 MbI OyZIeM KUTH (TOUHEE, YKe SKMBEM)
B KOPOJIEBCTBE KPMBBIX 3epKayi. A 3HauuT, B 2022 T.
Mo-TIpeXXHEMY Ha BepIIMHe T0Ka3aTelbHOV MeauIIN-
HbI HAXOIUTCS JIMYHOE MHEHUE.

YacTo npu COCTaBIeHUN raigaaiiHOB OOHU U T€ 3Ke
MCCIeI0BaHMSI CHAYaIa BKIIOUAIOTCSI B pACCMOTpEHME
3KCIIepTaMy, a B MOCIeyomell pegakuyum OHU UC-
KIovaroTcs [51], mbo MeHsIeTCs X Cuia, Kak IMpo-
m3omwio ¢ paboroii S. Herrlin ¢ coaBTopamu [14] mpu
cocTtaByieHun pekomeHganuii AAOS.

YacTo Ha KOH(PepeHIMIX MOKHO YBUIETH C/IeNy-
IO TIPMEM: aBTOPbI, 000CHOBBIBASI AKTYAIbHOCTh
M3yuyaeMoii TeMbl, MPUBOASAT KaK JOKA3aTeIbCTBO
yBeIMUYMBAIOUIeeCss YMUCIO MyOMuKaIuii 1Mo TeMe.
ITo nmwo6oit Teme. IIpu 3TOM Ha C1aiie TeMOHCTPU-
pyeTcsT KpacuBbiii rpaduMk uucia ITyOaMKamuii Io
rogam B PubMed, ycTpemieHHbIli BBbICh. K coskae-
HMIO, STOT POCT UMCIa NMy6ImKaumii 06yCcjaoB/ieH He
aKTYyaJbHOCTHIO, @ MTPOCTO POCTOM uMciIa IybinKa-
uuii B 1eaoM. YTo6s! yOemUThCSI B 9TOM, JOCTATOYHO
3a71aTh JII0O0J KIII0Y ITOMCKa: OYAb TO JereHepaTuB-
HbI/i MEHUCK, HAAKOJIEHHNK, OCTE0APTPUT KOJIEHHO-
ro CyCTaBa, NUSIBKU Wiu romeonatus (puc. 1).

Puic. 1. HeyK/IOHHBII pOCT ymcia my6amMKanyit
B PubMed mpakTuuecku 1o 060 TeMaTuKe

Fig. 1. Exponential increase of publication
in PubMed irrespective of research
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3a mocyeguue 10 JIeT YMCI0 MyOaMKaLyiA IO JIH0-
6071 TeMe YIBOMUIOCh-YTPOWIIOCh. VI SKCITIOHEHIIMATb-
Hayg TeHIaeHIUMsS XuBa. Ecau, HanpuMmep, B 2000-x IT.
IJIST TIOHMMaHMS TpobaeMbl (aKTOPOB PUCKA MEPH-
MPOTEe3HOM MHMPEKIMN UCCIeI0BaTeb HAXOOMUI BCe-
ro 250 pabor 3a mecsTuieTue, TO TOJbKO 3a IBa roja
(2020-2021) Takux mybnukainuii 6e110 yke 1397, T.e.
10 ABe MyOIMKAIMM KaKObIM IeHb, BKIIOUAsl BbI-
XOOHbIE U Mpa3sAHUKM. BO MHOrOM Takoil B3pbIBHOM
POCT UMCIa IMyonuKanyuii TPOUCXOOUT He 3a CUET Ka-
YyeCcTBEHHbBIX ucciaenoBanmii, PKI, a 3a cueT cOopHM-
KOB, «XMIIHBbIX» JXYPHAJIOB U OOMIMS MeTaaHa/IN30B.
B o6mem, 3Ta BcelleHHAs YK€ IaBHO KMBET CBOEN
KM3HBIO, U Mbl HE MOKEM Ha Hee BJIMSTh. B Bbigaue
pe3y/bTaToOB MTOMCKA HET HUKAKOM MUIIbTPAIUA: «IT0-
Ka3bIBaTh TOJNbKO B JIIOOMMBIX SKypHAaIaxX» WJIM «I10-
Ka3bIBaThb TOJIBKO B JKypHaJax C MMIAKT-GaKTOpOM
Bbile». TakuM 06pa3soM, BCSI CTpaTerusl pasBUTUS
JIOKa3aTeNbHOM MEeAUIIMHBI U CTUMYIISIUUA TTyOIm-
KalMOHHOM OesTelbHOCTU TpuUBeaa K TOMY, UTO B
MPaKTUYECKOM CMbIC/IE HMYEro He U3MEHWJIOCh IO
CpaBHEHMIO C KOHLIOM XX B., €0 CepeauHONM, Ha-
yanoM, na gaxe XIX B.: TOUHO TaK Ke ycrex MOXXHO
obpecty, unTass M30paHHBIN KypHAI, a BO IJlaBe —
JIMYHOE MHEHIe.

BripouemMm, B mnociiegHue ISITh J€T AECTBUTEIbHO
MOSIBUJIOCh YTO-TO COBEPIIIEHHO HOBOE, O YeM CTOUT
cKaszaTb OTHenbHO. [la, TMUHOe MHEeHMe — CWIbHO,
Kak Bcerma. OGbIYHO TIOJ, STUM ITOHMMAIOT JIMYHOE
MHEeHMe 3KCIiepTa. A 3KCIepT — 3To Bpad. Ho meunm
Mbl nanyeHTa. U maueHT — TaKol ke SKCIIEePT, Ybe
MHEHMe HUYYTb He MeHee BaxkHO. R.A.C. Siemieniuk
C COaBTOpPaMM BBIITYCTWIM TaliijIaiiH [0 apTPOCKOIIMN
npu ocreoaptrpurte [2]. PellteHue npuHMMAIOCh TaHE-
JIbIO 3KCIIEPTOB MyTEeM IroJIoCOBaHus. B cocTaB maHenn
SKCIEePTOB C PaBHOJ CUJION roji0ca BOILIO TPU Ialy-
€HTa, KOTOPBIM ObLIa BBITIOJTHEHA apTPOCKOMMUS TP
octeoaptpuTte. PekoMmeHaanus raiajiariHa; apTpoCKo-
s He peKOMeHI0BaHa (puc. 2).

JInuHOe MHeHMe CIIenaJaCTOB

Ponb 1MYHOTO MHEHMSI B MepapXuM IGOKa3aTesb-
HOV MeIUIIVHBI HUYYTh He YMaJSeTcs, a GaKTUIeCcKu
HaxXOOUTCS Ha CaMoil BeplUIMHe NMMUpaMuIbl AoKasa-
TEJIbHOCTH, U, YTOOBI OLIEHUTDH €ro, HaMu ObLI pas-
paboTaH OPUTMHAIBHBINA OIMPOCHUK, COCTOSIIUI U3
7 BOITPOCOB, HA KOTOPBIE OBIJIO MPEIJIOKEHO OT 4 A0
6 BapMaHTOB OTBETOB (Ta0II. 2).

B aHOHMMHOM Ompoce MPUHSIO y4acTue 46 crie-
LMaIMUCTOB, 3aHMMAIOUIMXCS apTPOCKOIMEl KOJeH-
HOTO CyCTaBa Halleil KIMHUKKU U 14 ciyluaTenei Be-
6uMHapa, MOCBAMEHHOTO TaHHOM TeEMAaTUKe, U3 IPYTUX
MEeIULMHCKUX yupeskaeHuii PD. BbINOMHSS OLIEHKY
pesyabTaTOB OIpOCa, HaMM ObLI BBISIBJIEH TOT (DAKT,
YTO HEKOTOPbIE Bpauy MMPeATouan OTBeYaTh He Ha BCe
BOIIPOCHI.

PesynbTaTsl onpoca

O6cykmast TToKasaHus K apTPOCKOIMUM KOJIEHHO-
ro CycTaBa Ipu roHapTpo3e (Borpoc N2 1), 6onbinast
YacThb CHELMaAMCTOB KaK Halleil KIMHUKM, Tak U
U3 OpYIUX KIMHUK PD, CKIOHSETCS K TOMY, UTO I10-
Ka3aHMeM SIBJISIeTCSl HayajabHasl CTagys, KOrga KOM-
IJIeKCHOe KOHCepBaTUBHOe JieueHre HeddheKTUBHO
(puc. 3). Ha cerogHsmHmii eHb 3TO COOTBETCTBYET
BBIBOIAM 3apyOeKHbBIX PYKOBOISIIMX IPUHLIUIIOB
M KIMHUYECKUM pekoMmeHpauusm PO [52]. Ho mpu
3TOM HaJO0 OTMETUTh, UTO €LMHOTO MHEHMSI Ha 3TOT
CUeT HeT Jaske cpeay mpodeccroHaIbHbBIX COOOUIECTB
(Tabm. 3, 4), XOTS UCCIeTOBaHMS TTOC/IETHNX JIET CBU-
IeTelIbCTBYIOT O TOM, YTO MCXOJbl KOHCEPBATUBHOIO
JleyeHMsI He YCTYNaloT pe3yabTaraM Iocjae apTPOCKO-
MUY TIpU TOHapTpo3se [14, 15, 16, 53].

MHeHMe 60MbIIMHCTBA Bpaueil Hallel KIMHUKA U
Opyrux Bpadeii PO o mpoTuBOnoKasaHusIX K apTpo-
CKOITMMU TIpU TOHApTpo3e (Bompoc N2 2) equHO U CBO-
IUTCSI K TOMY, UYTO y TALMEHTOB C MOTHOCIOMHBIMU
IederTamy Xpsija Ha COWIEHSIOMIMXCS TTOBEPXHO-
CTSIX (CTagus «KOCTh Ha KOCTb») C MATOJIOTMYECKUMU
M3MeHeHUSIMU B CYOXOHAPATbHOM KOCTU Pa3IMYHOM
CTelleHM BBIPAXKEHHOCTM BIUIOTh O OCTEOHEKDPO3a,
C yMepeHHOV paedopmainmeil HUKHENH KOHEYHOCTU
B KOJI€EHHOM CyCTaBe, IOATBEPXAEHHBIMU peHTTe-
Hoslormuecku wiv Ha MPT, apTpocKkonusi He Criocoo6-
Ha MPOJLEMOHCTPUPOBATh IONIOXKUTEIbHBIN MUCXOZ,
(puc. 4, Tabmn. 4).

B XX B. uccimemoBaTeny cuMTaiu, 9YTo 3P GdeKT or
apTPOCKONMM IPU TOHAPTPO3€e LOCTUTAETCS 3a CyueT
JIaBaka, yhajaeHus HecTaGMIbHBIX YYaCTKOB XpsIla
U IpUMeHeHUs MUKPOPPAKTypMUHTa U, KaK BUTHO U3
pe3yabTaTOB OIPOca Ha BOIPOC TecTta N2 3, mpakTu-
YyeCKy TMOJOBMHA ONPOLIEHHBIX A0 CUX MOp CUMTAIOT
TOYHO TaK >Xe, XOTS MCCIeNOBaHMSI TMOCAeOHUX JeT
ybenuTebHO TOKa3bIBAIOT 00paTHOE (pHUC. 5).

PK 1eMOHCTPUPYIOT, UTO YacTOTa apTPOCKO-
MMYECKOl pe3eKUMM MEeHMCKa cpedy MalyeHTOB U3
TPyHIl HEOTIEpaTUBHOTO JieueHUsl BUIELCTBUE ee He-
sderTMBHOCTM cocTaBiseT juiib 30% U MeHee, TO
ecTb 2/3 OOMbHBIX, KOTOPBIM OblIa peKOMeHAOBaHa
apTpOCKOIMYecKas pe3eKkuysi MeHUcKa Mpyu roHapT-
po3e, DOCTUTAIOT KYyNMMPOBAHMSI CUMMIITOMOB IOC/IE
KOMIIJIEKCHOTO KOHCEPBATMBHOrO JyieueHus [15, 16].
OOBSICHUTD 3TO MOXKHO CTpOeHMeM U (PyHKIMel Me-
Hucka. IHHepBaluMsi ME@HMCKA JIOKaAMU3yeTCsl TONbKO
B Iepudepnyeckoii 30He (Mapakarcy/asipHasi 4acTh).
B aBackynsIipHOIT 30HEe MEHMCKA HEPBHBIX OKOHUYAHMIT
HeT, CJIefl0BaTelbHO, ee MOBPeXAeHNe He MPUBOAUT
K BO3HMKHOBEHMIO 60U B KOJMEHHOM cycTaBe [54].
OcHOBHBIMM (GYHKIMSIMM MEHMCKA SIBJIIOTCS YIyd-
IIeHMe KOHTPYIHTHOCTYU OeipeHHO0-60/bIle6epIi0Bo-
rO COYJIeHEHMSI U IlepepacnpepeneHue/moroleHne
MeXaHMUeCKMX Harpy3o0K, a Takke CTabMIM3aLus cyc-
taBa [55].
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Puc. 2. Pekomenpanyu R.A.C. Siemieniuk ¢ coaBropamu [2] ¢ pycCKOSI3bIYHO afanTanueit, M3MeHeHUSIMU

Monynauna
BKAtovan noaei ¢ unu bes:
Noaun ¢
AereHepaTUBHbIM Rg npusHaku ocTeoapTputa  YMEPEeHHbIN - TAXEblii OCTeoapTpuT
3abonesaHuem

KOJIEHHOrO CVCTaBa MexaHuueckue cmmntombl  OcTpoe Havano 6onu PaspbiB MEHUCKA

Bbibop meToaa neyeHms

Aptpockonusa | KoHcepBaTuBHOE

ApPTPOCKONWA C UAK neyeHume

6es napuvanbHoM Nioban KoHcepBaTHBHAA
MEHWUCKIKTOMMIA MK cTpaTerna (ynparHeHna,
nebpuomeHtom WMHBEKUWK, dapmaKoTepanua)

PekomeHaaLum

B nonb3ay apTpocKonuu B nonb3y KOHCEpPBAaTUBHOTO NeYeHUA

CnnbHO Cnabo Cnabo

Mb! He peKOMEH/AYEM apTPOCKONMIO Y NALMEHTOB C AereHepaTHBHLIM 3a6oneBaHUeM KONEHHOrO CycTaBa

CpaBHeHWe Nonb3bl U PUCKOB

B nonbay % B nonb3y KOHCePBaTUBHOTO
Al ACictein

Aonrocpounas nonb3a (1-2r) —Cp. 6ann (0-100, bonbwe - nyuwe)———— Kauecrso gokasatenbcts
Gonb 219 Her BamHOIM pasHuMubl 188 % # # # Boicokoe

KpacTkocpouHas nons3a (<3 mec) — Cp. 6ann (0100, Gonbiue - nyHwe)———

Bonb 204  Ha5.38 nyuwe 15.0 # w # w Bbicokoe
| OyHkumua 14.2 Ha4.94 nyywe 93 Jo ek YmepeHHoe

KpactkocpouHble pucku (<3 mec)  ————— Cyuaes Ha 1000 niofed———

Tpomboambonuuecume 5 Ha 5 meHble 0 * % Huakoe
Mnperapone 2 % Huroe

Mpakruueckue acnektbl (MHPOpMauma Ana nayuexra)

ApTpockonusa KoHcepBaTuBHOE neyeHue
Boccrariouenne OBusHo 2.6 HeAer
Kak muHumym 1-2 Henenu "He BonbHUIHOM" B 3aBUCUMOCTH OT OTpbIB OT paboTsl MOXMET NOTPeBOBATLCA ANA ABOK B
CKOPOCTH BOCCTAHOBNEHHA W Harpy3oK Ha pabore NOAMKAMHUKY ANA IAHATUA MK MHLERLMI

OTKa3 0T ynpasneHnA asTomoGunem Ha 1-3 Heaenn QOrpaHv4eHne Harpy3oK, nposouvpylumx 6onbs

OTKa3 OT PU3UYECKIUX HATPY30K KaK MUHMMYM Ha 2-3 Hegenu

B nocneonepaumoHHOM peabuauTaLu MoKeT
noTpeboBaTheA GAKTUHECKN TO KE CAMO., HTO U Npu
KOHCEPBATUBHOM NeveHitH Be3 onepaumu

Y TOTIOJTHEHUSIMY aBTOPOB TEKYIIIEH CTaThbyU

Fig. 2. Russian adaptation of recommendations from original paper of Siemieniuk et al. [2] with changes

and additions of current authors
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Tabnuya 2
OpUTrMHAIbHBIN OIIPOCHUK

Bormpoc BapuaHT oTBeTa

1. Tloka3aHa i1 apTPOCKOIUSI Het

6GOTbHBIM TOHAPTPO30M? .
Ia, Ipy HavaaAbHOM CTamMUy apTpo3a, KOrma KOHCEPBAaTUBHOE JiedeH e

He3()GEeKTUBHO

[a, mpy HavaJIbHOM CTaguM apTpO3a, KOraa KOHCEPBATUBHOE JIeUeH e
HeapdeKTMBHO 1 chopMIUpoBasach yMepeHHast KOHTPaKTypa

Ia, mpu 1106071 CTaauu, eciy eCTb MeXaHUYeCKMe CMMITTOMbI/KOHTPAKTypa,
a OT H0NPOTE3MPOBAHMS NALMEHT OTKA3bIBAETCS

Iipyroe

2. Korpma apTpockonus npu CTragus «<KOCTb-HA-KOCTU»

TOHapTpO3e MPOTMUBOIIOKa3aHa?
JKCTpy3Ms MeHMcKa K nepudepun

®poHTanbHas Jedopmalus KOHEUHOCTH boree 5°

OcTeoHeKkpo3

[epeuncieHHble KPUTEPUYM He UMEIOT 3HAUEHUST

Huxorpa, Tompko comaTuyeckue IIPOTUBOIIOKA3aHUS

3. TIpu apTpOCKOIUM y GOIBHBIX JlaBaska (TIpOMBbIBaHUSI)
TOHAPTPO30M Jieue6HbI 3 deKT

JOCTITAETCS 33 CUeT: VnaneHus: HeCTaOWIbHBIX (PParMeHTOB XpsIia U MEHUCKA, OCTEODUTOB

06paboTky 06HasKeHHOI CyOXOHIPaTbHOI KOCTU

He pocturaercs

4. Ecmi y 60JIBHOTO € HavYaIbHbIM [TokazaHO KOHCEpBATUBHOE JIeYeHMe
roHaptpo3oM Ha MPT BoisiBisieTcs
JleTeHepaTUBHOE IOBpeXAeHNe

meHcka Stoller I11, To: IMokasaHa PeKOHCTPYKIMs (LLIOB) MEHMCKA

Ilokasana pe3eKnud IMMOBPEXAEeHHOI'0 y4yaCTKa MEHMCKa

PernieHye o0 TakTMKe C MEHMCKOM orpeneseTcd MHTpaoIliepauMoOHHO

5. TIpomOIKUTEIbHOCTD Huckonbko
KJIMHMYECKOTOo 3 dekTa rmocie 0-3
apTPOCKOINU Y 6OTTBHBIX —9 Mec.
TOHAapTPO30M COCTABJISIET: %_6 Mec.
6-12 mec.
T'on u 6ostee

HeT npaBu/ibHOTO OTBETA

6. ApTpockomnust y 60JIbHBIX VcKopeHMe IporpeccupoBanus 3a601eBaHUs
TOHAPTPO30M MOXKET p
TPOBOIPOBATH: a3BUTHE OCTEOHEKPO3a

XPOHMYECKHMIT TTOCTXUPYPIUUECKIiT 60IeBOI CUMHIPOM

He nmpoBouypyetr

7. Urto gns Bac siBnsieTcs JIMYHBII OTIBIT BBITIOJTHEHMST TTIOMOOHBIX OIepaLuit
onpefeNnsIMM (Haubosiee BasKHbIM)
B Ha3HAYEHUM apTPOCKOIIUM

MalnMeHTy ¢ TOHAPTPO30M? PaHnoMu3MpOBaHHbIE KIMHMYECKME UCCTIeN0BaHMS U MeTaaHaIMU3bl

MHeHnue 60siee OIbITHBIX KOJIJIET

Knuunueckne peKoMeHgauum npodeccruoHaabHbIX COOOIIECTB
JKenaHue nmauyeHTa COXpaHUTh CYyCTaB

Bamie skenaHue ciacTu CycTaB
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Apyroe

13, npr 06O CTaguK, echk ect

OT IHAONPOTEIMPOBAHMA NAUHENT OTHAILIBALTCA

Jla, NpH Ha4aNBbHOR CTANMM APTPO33, KOTAA KOHCEPBATHBHOE Nevelue 0%
"

J1a, NpM HAYANBHOM CTAIMK APTPO33, KOTAA KOHCENBATHBHOR NENEHHE

HeaddermeHo

Het

l q
®

21,50%

21,50%
17

15%

36%

24,50%

Puc. 3. Pactipenenenuie 0TBETOB
Ha Borpoc Ne 1: mokazaHa Jiu apTpOCKOMHS
OOJBHBIM TOHAPTPO30M?

Fig. 3. Distribution of the answers to

the question 1: Is arthroscopy indicated
in knee OA?

70%

£
=]

Tabnuya 3

MueHne Begymux mpocdeccoHaIbHbIX COOOIIECTB OTHOCUTEIBHO JIaBaKa U JeOpUIMEeHTa

MPU OCTEoapTPUTE KOJIEHHOIO CyCTaBa

JlaBask My Oe6pUIMEHT
Coo6111ecTBO
PenTreHonormnuecku PenTreHonormnuecku
" o MexaHMYecKue CUMITTOMBI

noaTBepxkaeHHbI OA He TOATBepKIeHHbI OA
ESSKA IIpotus 3a 3a
AAOS IIporus BosmoxxHo Bo3mosxkHOo
AOA [IpoTtus no comments no comments
NICE [TpoTus IIpoTus 3a
PO [MpoTus Bo3sMoskHO Bo3smMoxkHO

ESSKA — European Society for Sports Traumatology, Knee Surgery and Arthroscopy [24]; AAOS — American Academy
of Orthopaedic Surgeons [10]; AOA — Australian Orthopaedic Association [28]; NICE — National Institute of Health and
Care Excellence [25]; P® — Poccuiickas @enepanus [52]; 3a — ssBHOe yTBepKIeHMe, UYTO apTPOCKOIMS TOKa3aHa 3TUM
naiueHTam; [IpoTMB — SIBHOE YTBEPKIEHMUE, UTO apTPOCKOINUS He TTOKAa3aHa ITUM MalyueHTaM; BO3MOKHO — apTpOCKOMUST
PEKOMEHJ0BaHa 0 OTAETbHBIM MTOKa3aHUSIM.

Tabnuya 4

PexkoMeHaarnmm Beaynux OPTONeaAMIeCKMX COOOIIECTB M0 BHIITOTHEHUI0 MEHMCKIKTOMMUM
IIPY OCTEOAPTPUTE KOJIEHHOTO CYyCTaBa

MeHMCKIKTOMMS
Coo611ecTBo
Hoxasannbiit OA Hepoxkasanubiit OA

ESSKA ITpotus 3a

AAOS Bo3smoskHO Bo3smoskHO
AOA IIpotus 3a

NICE no comments no comments
P® IIpotus Bo3MoskHO

ESSKA — European Society for Sports Traumatology, Knee Surgery and Arthroscopy [24]; AAOS — American Academy
of Orthopaedic Surgeons [10]; AOA — Australian Orthopaedic Association [28]; NICE — National Institute of Health and Care
Excellence [25]; P® — Poccuiickast ®eneparus [52]; 3a — siBHOe YTBep>KIeHMe, UTO apTPOCKOMNMSI TIOKa3aHa 3TUM MalyeH-
TaMm; [IpoTMB — SIBHOE yTBepKIeHMe, YTO apTPOCKOIIMS He ITOKa3aHa 3TUM MaleHTaM; BO3MOXHO — BO3MOsKHASsI MO IeP3K-
Ka apTPOCKOINNM B OTIpefie/IeHHbIX YCIOBUSIX.
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Hukoraa,

— 14,30%
3,50%

o—————————— L ELC

OcTeonepo3 23,30% 28,60%

o 14 30%.
srvanvcor | 15,50

HcTRYaMA Menncka K nepnbepny T 4,75%

33.30%
erannn avocrsa-socn | i 5%

®konnerawsPO | cotpyaHiku HMULTO

" e 29,50%
bl 16,60%
5,90%
OBpaboTky obHaxEHHGH CyBXOHAPANLHOR KOCTH
: i B -~

a7%
T T S A O AT _9"

i ( ) 17,60%
asaa (NpoMbIBaHHs
26,70%

W konnernms PO W corpyaHikn HMAL TO

MexaH13M BO3HUKHOBEHMSI 6O B KOJIEHHOM CYC-
TaBe TP MOBPEXAEHNM MEHMCKA TIOHSATEH, eC/TU OHO
pacIpocTpaHseTcs 4o Karcyibl (pUc. 6).

[TpOMCXOMUT HApYIIeHUe 1eJIOCTHOCTHU IIUPKYJISP-
HBIX BOJIOKOH MEHMCKA, KOTOpbIE YIAEPKMBAIOT €ro
MeXay 6GempeHHO-00/TbIIe6epIIOBBIM COUJIEHEHMEM.
ITO TPUBOIUT K €r0 SKCTPY3UU KHAPYKYU (BbIAABIIM-
BaHMe MEeHMCKA) ¥ BUIENCTBME ITOTO K YBEIUUEHUIO
MeXaHMYeCKOi Harpy3ku Ha Xpsii M CyGXOHApab-
HYIO KOCTb, YTO B CBOIO OU€pe/b MPUBOIUT K BO3HUK-
HOBeHMIO 6omu [56, 57].

[ToaTOMy KOHCEpBAaTMBHOE JieueHue gereHepa-
TUBHBIX DPa3pbIBOB MEHMCKA OKa3bIBaeT KIMHMUUE-
ckuit abdexT 3a cueT yMmeHbIIEHMS TIePerpysKu

‘ [ McuezaeT apdeKT UxX LMPKYNSPHOrO HanpsiKeHus

~—

Puc. 6. MexaHu3M IOSIBJIEHNS 60JIM B KOJIEHHOM CyCTaBe
[IPU TIOBPEXIEeHUM MeHMCKa

Fig. 6. Pain pathway after meniscus degenerative tear

Pa3prB pacnpocTpaHAeTca A0 Kancynbl, Npoxoasa yepes3
PaCnonoXeHHble MO OKPY>XHOCTU KONNAareHoBble BOJIOKHA

BbloaBnuBaHue MeHucka K nepucdepum

YBENUUMBAETCH MeXaHWUYeCKas Harpy3ka Ha XpsiL,
1 Cy6XOHAPANbHYIO KOCTb

(S 7/ N

Puc. 4. PactipefienieHne OTBETOB Ha BOMIPOC
N¢ 2: Korma apTpOCKOIMs TPY TOHApTPO3e
MPOTUBOIIOKa3aHa?

Fig. 4. Distribution of the answers to

the question 2: When arthroscopy is
contraindicated in knee OA?

Puc. 5. PacripefiesieHie OTBETOB Ha BOITPOC

N 3: mpu apTpOCKONUU y 6OTbHBIX
TOHApPTPO30M Jieue6HbI 3 deKT mocTuraeTcs
3a CYerT...

Fig. 5. Distribution of the answers to the
question 3: The clinical effect after arthroscopy
in knee OA develops due to ...

CYOXOHAPaATbHOM KOCTU IYTEM YIydlIeHUsT PyHKIM-
OHAJbHOTO COCTOSIHMSI MBIIII] HUKHEV KOHEeYHOCTU
U CHUXXeHUd BocnasieHus nocie npuema HIIBII. Kak
BUJHO M3 OTBETOB Ha Bompoc N2 4, 50% y4acTHMUKOB
U3 MeAUIIMHCKUX yupexaeHuit PO cuuTaloT Tak Xe,
B OT/IMUME OT COTPYJHMUKOB Hallleli KIMHUKU, KOTO-
pble BCe-Taky CKIOHSIOTCS K pe3eKLy OBPeXIeH-
HOJ1 aBaCKyJISIpPHOM 4YacTy MEHUCKA, BEPOSITHO, PYKO-
BOJCTBYSICh peKOMeHIauusmMu MpodeccruoHanbHbIX
COOOIIECTB, KOTOpbIe OOCYXKOAMNCh HaMM DaHee
(puc. 7).

[llupokass pa3sHOPOMHOCTb MHEHMIT ObLIa Tpofe-
MOHCTPMPOBAHA IPU OTBeTe Ha Bompoc N25 0 moTeH-
LMaTbHON TPOROIKUTETbHOCTY KIMHUYECKOTO 3d-
(dekTa mocae apTPOCKONUM y GONbHBIX TOHAPTPO30M
(puc. 8). bompMMHCTBO McCiIenoBaTeNnell CKIOHSIEeTCS
K TOMY, YTO €C/T1 GONbHOI TOHAPTPO30OM U UCIIBITHI-
BaeT yayullleH)e I10CIe apTPOCKONIMY, TO IIPOLOJIKaA-
eTcsl OHO He Gonee 3 Mec. BUAHO, UTO MO JIMYHOMY
OTIBITY KaXKIOTO U3 PECIIOHJEHTOB CTAOMIBHOTO 3(-
(dexTa OT apTPOCKOMUYECKOTO JieueHUsI TOHapTpo3a
TaKke He HabMIO#aNoch, T.e. ObUIM KaK MallMEHTHI,
y KOTOpBIX 3G(eKT 0TCyTCTBOBAJI MOMHOCTHIO, TaK U
Te, Y KOTOPBIX OH COXPAHSJICS B TeUeHNe HeCKOIbKUX
MecsieB win naxke 6omee roga. OTKPBITBIM B 3TOM
CJIy4ae 0CTaeTCs BOIIPOC, HACKOJbKO JIeTalN3MpOBaH-
HO OTC/IEXUBAIM OIIPOLIEeHHbIe BpauM pe3y/lbTaThbl
apTPOCKOMMM Y GONBHBIX TOHAPTPO30M U TOJIb30Ba-
JIACh JIX OHU KaKUMMU-JIMO0 MHCTPYMEHTAMM OII€HKMU
(YHKIIMY KOJIEHHOTO CycTaBa (CyObeKTUBHBIE U 00b-
eKTMBHbBIE IIKaJIbl, peHTreHorpadus, MPT u T.11.), uTO
SIBJISIETCST 00SI3aTe/IbHBIM IIPY MPOBEIEeHUM HayUHBIX
MCCIeNOBaHMI.
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PRUeHUE O TAKTHHE C MEHMC A HHTPAC

23,10%

MOKa3aHa PEKOHCTPYKUMA (LWOB) MEHWCKA

INOKA3aHA PE3EKLMA NOBPEIAEHHCIO YIACTHA MEHHCKE

MNoKasaHo KOHCEPBATMBHOE NEURHNE
28,20%

®ronnernuz PO M corpyanukn HMHLLTO

Her npasnAbHOro oTeeTa 21,40%

ron 1 Banes ?

g 0%
R i ——— ! R

14,30%
14,30%
-y Pra——
21,40%
ey F

[TpakTryecKku Bce OIPOIIeHHbIE OBV eUHOT/IAC-
HbI B TOM, YTO apTOCKOMMS IIPY TOHAPTPO3€e MPUBO-
IUT K YCKOPEHUIO MPOrpeccupoBaHms 3a60meBaHmsI
(Bompoc N2 6) 1 MOXeT ITPOBOLIMPOBATb OCTEOHEKPO3
MBIIIEJIKOB 6eIpeHHOl 1 60IbIIe6epLioBOii KOCTEN,
YTO Takke IOKa3aHO HAayYHbIMU UCCIeLOBAHUSIMU
BBICOKOT'O YPOBHS A0Ka3aTeJIbHOCTH (puc. 9). B yact-
HocTH, J.N. Katz ¢ coaBTOpamMu 1mokasasau, 4To 4acTo-
ta TIII B 4,9 pasa Bblllle MOC/I€ apTPOCKONNUM C Yac-
TUYHOI pe3eKiyeil meHucka [58].

OTBevuass Ha IOCIeOHMUIA, 7-71 BOIpPOC, GOJMbIIMH-
CTBO PECHOHAEHTOB COLIMCh B TOM, UTO B OCHOBE
BBIOOpA apTPOCKOIMUM IOJIKHBI JieskaTh PKU 1 ocHO-
BaHHbIE HA HUX PEeKOMeHAAIMM MPodecCcMOHaTbHbIX
KIMHUYecKux coobmects (puc. 10). Takum obpasom,

10%
He nposuoumpyer

25%

A cUHAROM

25%
Pa3auTHe OCTEOHEKPO3a

®

23

YCHOPEHUE NPOTPECCHPOBAHNA 3a60NeBaHHA

Exonnernuz PO M cotpyAmie HMULL TO

g

12508 Puc. 7. PacipesiesieHye OTBETOB Ha BOIIPOC
N2 4: ecsiut y 6OBHOTO C HAYATbHBIM
roHaptpo3om Ha MPT BbIsiBisIeTCS
JlereHepaTUBHOe MOBPekIeHNe MeHMCcKa
Stoller III, To...

1% Fig. 7. Distribution of the answers to the
question 4: If the patient with early OA
demonstrates degenerative meniscus tear
Stoller type III on MRI, then ...

32,50%

— Puc. 8. PacmipeieieHue OTBETOB Ha BOMPOC

N2 5: poAOIKUTENbHOCTD KIMHUYECKOTO
addekra rmocse apTpoCKONMM y 60JIbHBIX
rOHAPTPO30M COCTABJISIET. ..

Fig. 8. Distribution of the answers to the
question 5: After knee arthroscopy in OA
patient the clinical effect continues...

BaXXHO ¥Mcnonb3oBaTh MPT gns onpeneneHus: KapTu-
Hbl TIOBPEXAEHNUSI MEHUCKA B COBOKYITHOCTU C CUM-
MITOMaMM TOHApTpPO3a; pas3janvaTbh Te CUMIITOMBI,
KOTOpble He OYOyT YIydlleHbl B pe3yibTaTe apTpo-
CKOIMU, U TI€PBOHAYAIbHO JIEUNTh KOHCEPBATUBHO.
BpinonHeHMe MEHMCKIKTOMMS JOJKHO paccMaTpu-
BaTbCsl, €C/IM COXPaHSIIOTCS CUMMIITOMbI B TeueHMe
3 mec. Ha (OHe MPOIOIKAIOIIETroCcs] KOHCepBAaTUB-
HOTO jle4YeHMs] TPU YCIOBUM TOATBEPKAEHHOTO Ha
MPT noBpexxaeHUsI MeHMucKa. Takke XMpypruuyeckoe
JleueHye TIOKa3aHO IpU pa3pbiBe MEHMCKA IO TUITY
«PYUYKM JIEIKM» ¥ HEYCTPaHSIOLeiics: 6J10Kame KOJleH-
Horo cycrasa. [TalieHT Jo/KeH O6bITh MHGOPMUPOBAH
0 BO3MOSKHBIX, XOTb ¥ PEJKUX OCJIO)KHEHUSIX, KOTOpbIe
MOTYT BO3HUKHYTD ITOC/IE apTPOCKOIUMA.

33,80%

33,80% Puc. 9. PactipeneneHne oTBETOB Ha BOIIPOC

N2 6: apTpocKoIMs Y 607IbHBIX TOHAPTPO30M
MOXeT IIPOBOLMPOBATb...

Fig. 9. Results of the vote to the question 6:
. Arthroscopy in knee OA may leads to
s development of...
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MieHne 60@ ONLITHBIX KONNET FE]

uKonnerausP® B cotpyaHmkn HMMLLTO

3AK/TIOYEHUE

ApTpockonust Kak MeTO[] BBIGOpa JIeUeHUsI TEPMU-
HaJIbHOTO TOHApPTO3a Mcuepriaa ceGsi: GOTbIIMHCTBO
MCCIeIOBaHMIi JOKa3bIBAIOT Hed(PEeKTUBHOCTD J1aBa-
Ka, ne6puaMeHTa, MUKPOMPaKTypUHTa CYOXOHAPaTb-
HOM KOCTU U YaCTUYHON MEHUCKIKTOMMUU. BBIBOJIBI
paboT, B KOTOPBIX BBIMIOJTHEHO CPAaBHEHUE DPE3Yilb-
TaTOB KOHCEPBAaTMBHOIO JIeYeHUS UM apTPOCKONUM
TIpY JIETKO WIM YMEPEHHO BbIPa)KEHHOM TOHapTpo3e,
JaXe C MPU3HaKaMM MOBPEXIEeHUS UM BbIIAaBIMBa-
HMSA MeHMcKa 1o MPT, yka3plBalOT Ha HEOLHO3HAU-
HYyI0 3(QdeKTUBHOCTb XMUPYPIUUECKOro IOAXOaA.
V 2/3 maieHTOB, KOTOPBIM OblIa peKOMEeHI0BaHa ap-
TPOCKOIMYECKasl pe3ekUysl MEHNCKA IIPY HauyaJbHOM
roHapTpo3e, 60/b KyMUPYETCS MOC/Te KOMIUIEKCHOTO
KOHCEPBAaTUBHOTO JIEUeH M.

JOIIOTHUTEJ/IbHASI THO®OPMALIMISI

3asnenennslii 6k1a0 aémopos

Capaes A.B. — TOUCK NyGIMKaLIMii, HATTMCAHKUE CTATHMU,
penakTpoBaHMe CTaTby, MHEHMe JKCIepTa.

KopHunoe H.H. — TIOVICK IyGIMKaIViil, peJaKTUPOBaHUeE
CTaTby, MHEHMe JKCIepTa.

Kynaba T.A. — pemakTUpOBaHMe CTaTby, MHEHUE
9KCIepTa.

IIly6Hakoe M.U. — craTucTuueckast 00paboTKa JaHHbBIX.

Jemun A.C. — TIOUCK IyGIMKAIAIA.

Cmonspoe A.A. — pepakTMpOBaHME CTaTby, MHEHUE
9KCIepTa.

Cepeda A.II. — OUCK MyONIMKALINIA, HATTUCAHKE CTAThMU,
penaxkTpoBaHMe CTaTby, MHEHMe JKCIepTa.

Bce aBTOpBI Mpowin U ofo6pUIM (DUMHANBHYIO BEPCUIO
PYKOIIMCH CTaThy. Bce aBTOPBI COINIACHBI HECTY OTBETCTBEH-
HOCTb 32 BCe aCIeKThbl paboThl, UTOOBI 06eCIeUNTh HaJ|IeXa-
llee pacCMOTpeHMe U pellieHle BCeX BO3MOXKHBIX BOIIPOCOB,
CBSI3aHHBIX C KOPPEKTHOCTBIO ¥ HAJIEXKHOCTBIO JTF000i1 YacTu
paboThI.

Hcmounuk  ¢unaHcuposanusi.  ABTOpbI  3asIBJISIIOT
06 OTCYTCTBMM BHeLIHero (GMHAHCHPOBAHMS IPU MIPOBeLe-
HUY UCC/IeJOBaHMS.

Kongaukm unmepecos. ABTOPBI NeKIapUPYIOT OTCYT-
CTBUE SIBHBIX U MOTEHLMaAbHbIX KOH(GIMKTOB MHTEPECOB,
CBSI3aHHBIX C MyGIMKALMel HACTOSILEN CTAThU.

Amuueckas 3kcnepmu3a. He npuMeHuMa.

Hngopmupoeantoe coenacue Ha
He TpebyeTcs.

nyénukayuio.

Puc. 10. PacripeneneHyie OTBETOB Ha BOIIPOC
N@ 7: uyrto nns Bac ssBasieTcs: onpenensiommum
(Haubosee BasKHbIM) B Ha3HAUEHUA
apTPOCKONMY MALMEHTY C TOHAPTPO30M?

Fig. 10. Distribution of the answers to

the question 7: What is the most important
when you consider offering arthroscopy to
patient with knee OA?

36,80%

Taxkum 06pa30oM, XOTSI C TOUKU 3peHUs JOKa3aTelb-
HOJ MeOVLVHBI B HACTOsILlee BpeMsl ITOKa3aHus AJ1sl
apTPOCKOIINM KOJIEHHOI'O CYyCTaBa IIpU JereHepaTuB-
HbIX 3260/IeBaHMSIX KOJIEHHOTO CYCTaBa HOCSIT BeCbMa
OrpaHMYeHHbI XapaKTep, IPOBeIEeHHbI HaMU OIPOC
CBUIIETENbCTBYET 00 OTCYTCTBUM €AVHOTO KIMHMU-
YeCcKoro IojAxoda Cpenyt TPaBMaTOJIOrOB-OPTOIEN0B
Jlaske B paMKax OIHOV KIMHUKU. [ToaTOMY TpebyeTcs
MpOoBeJeHM e KaueCTBEHHBIX MHOTOLIeHTPOBBIX UCCIIe-
IOBaHWUi, KOTOPbIE ITO3BOJISIT BBIIBUTH KOHKPETHYIO
TPYIIY MAaIMeHTOB C onpeeeHHbIM (DeHOTUTIOM TO-
HapTpO3a, Y KOTOPBIX apTPOCKOIMS KOJIEHHOI'O CyCTa-
Ba MOXET ObITh 3()(PEKTUBHOI.
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Results of Revision Knee Arthroplasty With Individual Implants

Andrey A. Zykin, Sergei A. Gerasimov, Roman O. Gorbatov, Tat’yana V. Illarionova

Privolzhsky Research Medical University, Nizhny Novgorod, Russia

Background. The presence of extensive bone defects significantly complicates the possibility of stable fixation
and correct spatial positioning of the revision endoprosthesis components. The primary task of revision surgery
is to restore the lost bone. The use of modern implants makes it possible to replace large metaphyseal defects
of the tibia and femur, including AORI type 2B u 3 bone defects.

The aim of the study was to evaluate the long-term results of surgical treatment of patients with extensive bone
defects (2B and 3 according to AORI) of the proximal tibia and/or distal femur using custom-made implants for
revision knee arthroplasty.

Methods. A retrospective clinical study was performed in 24 patients who underwent revision arthroplasty
using individual implants (9 femoral and 18 tibial) made on a 3D printer in the period from 2017 to 2021. T3
defect according to AORI classification was diagnosed in 12 patients (50%), F3 defect —in 1 (4.17%),F2B —in 8
(33.3%), T2B — in 6 (25%). All patients before surgery and 3, 6, 12 months after surgery were surveyed according
to the international scales VAS, KSS, WOMAC and SE-36.

Results. At the follow-up examination 12 months after the surgery, 9 out of 24 patients (37.5+10%) walked
without additional means of support, 10 out of 24 (41.7£10%) with a cane, 4 out of 24 (16,7+8%), walkers — 1 out
of 24 (4.2£10%). There were no periprosthetic fractures during surgery and in the postoperative period. When
evaluating the functional state of the knee joint, an excellent result was registered in 45.8+10% and 33.3+10%;
good — in 37.5+10% and 54.2+10%; satisfactory — in 16.67+8% and 12.5+7% according to the KSS and WOMAC
scales, respectively. When assessed on the VAS scale, there was a positive trend in the form of statistically
significant decrease in pain in all patients (p<0.01).

Conclusion. The use of individual implants made using additive 3D printing technologies in revision knee
arthroplasty in the presence of extensive bone defects (2B and 3 according to AORI) allows to perform
an organ-preserving surgery without loss of the statodynamic function of the lower limb. This study has
limitations due to the small sample size. We believe that it is promising to study the long-term results of
surgical treatment of patients with extensive bone defects (2B and 3 AORI) of the proximal tibia and /or distal
femur using individually manufactured implants for revision knee replacement and a comparative analysis of
these results with those using conventional implants.

Keywords: knee, revision arthroplasty, bone defect, individual implant, additive technologies, 3D printing.
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P63y11bTaTbI PE€BU3UOHHOIO 3HAOMPOTE3UPOBAHUA
KOJIEHHOro cycraBa € npyumeHeHueM MHaAnBuaAyallbHbIX UMMNJIAHTATOB

A.A. 3bikuH, C.A. Tepacumos, P.O. l'op6artos, T.B. nnapuoHoBa

@I'BOY BO «IIpusonxckuii uccnedosamensvckuli meduyuHckuti ynusepcumem» Murnsdpasa Poccuu,
2. Huxcnuii Hoszopod, Poccus

AxkmyanvHocme. Hanuuye o6IIMPHBIX KOCTHBIX J1e(heKTOB CYIIeCTBEHHO OCIOKHSIET BO3MOXHOCTh CTaOMUIIb-
HOV pUKcaMu 1 KOPPEKTHOTO MPOCTPAHCTBEHHOIO MO3UIIMOHNPOBAHNST PEBU3MOHHBIX KOMIIOHEHTOB JH-
morpote3sa. [lepBocTerneHHO 3aauell peBU3VMOHHOTO BMeIllaTe/IbCTBA SIBJISIETCSI BOCIIOHEHe 06bema yTpa-
YEeHHOJ KOCTHOJ TKaHM. McIo/sb30BaHMe COBPEMEHHBIX MMILIAHTATOB IT03BOJISET 3aMEIaTh OOJbIINE IO
06beMy MeTadu3sapHbIe JedeKThl 60abIIe6ePIIOBOI U 6eAPEHHO KOCTel, BKIIoUast 1edeKTbl KOCTHOM TKaHU
AORI-Ttuma 2B n 3.

Ilenv uccnedosanus — MpeCTaBUTh KIMHUKO-PEHTTEHOMOTUUECKYE Pe3Y/IbTAaThl ONePaTUBHOTO JieueHUs T1a-
IMEeHTOB C OOMIMPHBIMU KOCTHBIMMU JederTamu (2B u 3 mo AORI) mpokcuManbHOro oTaena 60biie6epiioBoit
Y/VTY JUCTATIBHOTO OTHesa 6eJpeHHOI KOCTel C UCII0/Ib30BaHMeM MHAVBUIYTbHO U3TOTOBIEHHbIX MMILIAH-
TaTOB [JI1 PeBU3MOHHOTO SHAONPOTE3MPOBAHMS KOJIEHHOTO CyCTaBa.

Mamepuan umemoost. [IpoBeIeHO peTPOCIIEKTUBHOE MCCAeA0BaHMe 24 TalleHTOB, KOTOPBIM B iepuop,c 2017 1o
2021 1. 6BLJI0 BBITIOJTHEHO PEBU3MOHHOE SHIOMPOTE3UPOBAHNE C UCIOIb30BAHMEM MHAVBUAYATbHBIX MMIUIAH-
TaToB (9 GempeHHBbIX U 18 GONbIIEOEPIIOBBIX), U3TOTOBAEHHBIX Ha 3D-ipuHTepe. edekTt tTnmna T3 mo Kiaccu-
dukanyum AORI guarHocTupoBaH y 12 6onbHbIX (50%), T2B —y 6 (25%), nedekr F3 —y 1 (4,17%), F2B —y 8
(33,3%). Bcem nmanmeHTam 0 orepanuu u yepes 3, 6, 12 mec. nocie ornepauyuy BbIIIOTHSIOCh aHKETUPOBaAHME
o MexxayHapoaHbim mkaaam VAS, KSS, WOMAC u SF-36.

Pesynvmamei. Ha KOHTPOJIbHOM OCMOTpE yepes 12 Mec. ITocie ornepanyuy 6e3 JoMoIHUTEIbHBIX CPEICTB OM0-
pbI nepenBurainch 9 us 24 nanueHToB (37,5%), ¢ momoibio Tpoct — 10 u3 24 (41,7%), kocTbuieit — 4 us
24 (16,7%), xonyHKkoB — 1 u3 24 (4,2%). [lepunpoTe3HbIX [1€peJIOMOB BO BpeMs ollepaliuy U B OC/Ieorepa-
[MOHHOM Iepuoje He 3aperucTpupoBaHo. [Ipu ouieHke GYHKIMOHAIBHOTO COCTOSIHMSI KOJIEHHOTO CyCTaBa
OTJINYHBIN Pe3yabTaT ObLI 3aperucTpupoBaH y 45,8% u 33,3%; xopomnit — y 37,5% u 54,2%; ymoBiIeTBOPU-
TeJbHBIN — Y 16,67% 1 12,5% 1o mkanam KSS 1 WOMAC cootBeTcTBeHHO. IIpu onieHke 1o mkajne VAS oT-
MeYajiach MOJIOKUTENIbHAS IMHAMMKA B BUAE CTATUCTUUYECKM 3HAUYMMOTO YMEHbIIeHMs 60JIeBOr0 CMHAPOMA
y Bcex 60nbHbIX (p<0,01).

3axnrouenue. Y Bcex MaluyeHTOB B MOC/AeONepalM OHHOM IepUofe IPOU30LIIO YIydllleHre roKa3artesei mno
SF-36, KSS, WOMAC u VAS. [Ipy peHTreHOJOTMYECKOM MCUIegoBaHuM Y 23 u3 24 60IbHBIX OTCYTCTBOBAJIO
paciiaTbiBaHe KOMIIOHEHTOB SHIOIpPOTe3a. Y BceX MalMeHTOB ObIJI0 JOCTUTHYTO MTPELY3MOHHOE COOTBET-
CTBME MMIIJIAHTATa KOCTHOMY JedeKTy. VIcIoab30BaHMe MHAUBUAYAIbHBIX MMILIAHTATOB, MU3TOTOBJIEHHBIX C
IMOMOIIBI0 aAAUTUBHBIX TEXHOJIOTUI 3D-11euaTi, B peBU3MOHHOM SHAOIMPOTE3UPOBAHUM KOJIEHHOTO CyCTaBa
MIpY HATMYUY OO PHBIX AedeKToB KOoCcTHOM TKaHM (2B 1 3 mo AORI) mo3BossieT BBITTOIHUTD OPTaHOCOXPaH-
HYIO oIlepalnio 6e3 moTepy CTaTOAMHAMUYECKO (PYHKIVMY HUKHEN KOHEUYHOCTH.

KiroueBbie cjI0Ba: KOJIEHHBIN CYCTaB, pEBU3MOHHOE SHIOMPOTE3UPOBAHNE, KOCTHBIN Me(deKT, MHAMBUIYaJb-
HbII1 UMIUIAHTAT, aAIUTUBHbIE TEXHOIOT MM, 3D-1mevarsb.

3bikuH A.A., Tepacumos C.A., Top6aTtoB P.O., WmapuoHoBa T.B. Pe3ynbraTsl peBM3MOHHOTO 3HIOMPOTE3MPOBAHUS
KOJIGHHOTO CyCTaBa C MpMMeHeHueM MHAMBUAYAIbHBIX MMIUIAHTATOB. Tpasemamonozust u opmonedus Poccuu. 2022;
28(4):21-30. https://doi.org/10.17816/2311-2905-1995.
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BACKGROUND

Total knee arthroplasty (TKA) is an effective
method of treatment of grade 3 knee osteoar-
thritis (according to the Kellgren-Lawrence clas-
sification) [1]. More than 400.000 TKAs are per-
formed in the USA annually [2]. The number of
revision arthroplasties increase along with the
rise in primary knee arthroplasties. The main rea-
sons of this fact are periprosthetic joint infection
(PJI), aseptic loosening of prosthetic components
and prosthesis instability, periprosthetic frac-
tures and joint contracture [3]. PJI takes places in
0.5-2.0% of cases after the primary TKA and in
15-20% after the revision knee arthroplasty [4].

Two-stage revision arthroplasty is a gold stand-
ard for chronic PJI treatment [5]. The first stage in-
cludes the removal of infected prosthetic compo-
nents with further vast debridement of devitalized
tissues and the radical necrectomy. As a result of
these procedures, the defects form in the area of
the distal part of the femur and proximal part of the
tibia [6]. Infectious process having been stopped,
the revision knee arthroplasty is performed at the
second stage in combination with the implantation
of prosthetic components which enable to replace
existing defects of the bone tissue.

Extensive bone defects significantly compli-
cate the possibility of stable fixation and correct
spatial positioning of revisional prosthetic com-
ponents. The primary goal of revision arthroplas-
ty is to restore the volume of lost bone tissue [7].
It is considered necessary to fix the prosthesis at
least in two anatomic zones of the femur and the
tibia in order to achieve its stable fixation and to
increase its lifetime. This concept is described by
R. Morgan-Jones [8, 9].

Scientific search for the variants of re-
placement of lost bone tissues still continue.
Tantalum cones, bone cement, modular metal
augments, auto- and allotransplants are used
to replace bone defects nowadays [10]. Modern
implants allow to substitute large metaphyseal
tibial and femoral defects including bone tissue
damages of types 2B and 3 according to the AORI
(Anderson Orthopaedic Research Institute)
classification [8, 11, 12].

However, officinal implants have significant
limitations in case of vast bone tissue defects. In
that cases, mega-arthroplasty with replacement
of the proximal part of the tibia or distal part of
the femur, arthrodesis or amputation are the most
frequent. With advances in additive technologies,

it has become possible to create implants using
computed tomography (CT) data that can be ap-
plied for bone defect replacement of almost any
complexity, form and size [10]. 3D printing ena-
bles to produce implants taking into account in-
dividual characteristics of patients that improves
postoperative treatment results [13].

Thus, basing on foreign publications, we sup-
pose that individual implants enable to replace
severe bone tissue deficit in case of revision ar-
throplasty. Thereby, we performed an analysis of
treatment results of patients with vast bone de-
fects (AORI types 2B and 3) of the proximal part
of the tibia and/or distal part of the femur with
custom-made implants.

Aim of the study. To present clinical and radio-
logical results of surgical treatment of patients
with vast bone defects (AORI types 2B and 3) of
the proximal part of the tibia and/or distal part of
the femur which underwent revision knee arthro-
plasty with custom-made implants.

METHODS

Study design

A single-center retrospective study was per-
formed basing on the treatment results of patients
of the Research Medical University Hospital that
enrolled 24 patients which had undergone surgi-
cal treatment concerning the loosening of knee
joint spacer from 2017 to 2021.

Inclusion criteria: AORI types 2B and 3 bone
defects, antibacterial spacer loosening.

Exclusion criteria: signs of decompensation of
severe concomitant diseases (hematologic, immu-
nologic, urogenital, endocrine, psychiatric, cardio-
vascular, dermatovenerologic, neurologic etc.).

All patients underwent revision knee arthro-
plasty with custom-made implants (9 femoral
and 18 tibial), produced on 3D printing device.
Among them were 20 (83%) women and 4 (17%)
men aged from 35 to 79 years (68.5 [62; 73.5]).
Ten (42%) patients had surgeries on the right
knee, 14 (58%) patients on the left one.

Twenty-three (96%) patients had revision ar-
throplasty with custom-made implants concern-
ing antibacterial spacer loosening, 1 (4%) patient
— concerning aseptic spacer loosening associated
with periimplant fracture. All patients had vast
bone defects that were measured in X-rays and CT
scans at the stage of preoperative planning. Bone
defects were classified according to AORI [14].

23 2022;28(4)
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Defects of the proximal part of the tibia were di-
agnosed in 15 (62.5%) out of 24 patients, of the
distal part of the femur - in 6 (25%) patients, of
the distal part of the femur and the proximal part
of the tibia — in 3 (12.5%) patients. AORI type
T3 defect was identified in 12 (50%) patients, F3
defect — in 1 (4.17%) patient, F2B defect — in 8
(33.3%) patients.

All patients had 1 to 6 (2 [2; 3.5]) prior knee
surgeries in their medical history (Tab. 1).

Patients’ follow-up period after the surgery
was 5 months to 4.3 years (28 [8; 38] mths.).
Surgery duration was 110 [92.5; 143] minutes,

blood loss — 250 [225; 300] ml, post-operative
bed-days - 7 [5; 10] days.

All patients had knee X-rays in the anteropos-
terior and lateral views before the surgery, im-
mediately after the surgery and in 1, 5, 6 and 12
months in the postoperative period. Evaluation
of range of motions was performed at the preop-
erative stage as well as 3, 6 and 12 months after
the surgical intervention.

At the stage of preoperative planning all pa-
tients underwent knee punction with the follow-
ing bacterial culture test of the punctate taken
3 times at 1-month intervals.

Table 1

Clinical characteristics of patients

ID Age,y.0. | VAS before surgery Defect type Number of prior surgeries Cause of surgery
1 71 8 F3 3 2
2 35 6 T2B 3 1
3 69 4 T3 3 1
4 69 10 T3 2 1
5 65 7 F2B; T2B 3 1
6 72 5 T3 4 1
7 61 8 T2B 2 1
8 67 4 F2B 3 1
9 58 6 F2B 4 1
10 68 6 T3 5 1
11 79 5 T3 5 1
12 67 7 T2B 2 1
13 67 6 T3 2 1
14 76 8 T3 4 1
15 71 7 T2B 2 1
16 77 7 F2B 1 1
17 47 6 T3 6 1
18 75 5 T3 2 1
19 79 6 T3; F2B 2 1
20 70 8 T2B 2 1
21 76 7 T3; F2B 2 1
22 53 6 T3 2 1
23 63 8 F2B 2 1
24 51 7 F2B 2 1
Mean 66.1 6.2 - 2.8 -
1 — loosening of antibacterial knee joint spacer; 2 — aseptic loosening of knee prosthesis associated with periimplant fracture.
24 2022;28(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA
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Preoperative planning and implant
production

Multislice spiral computed tomography (CT) with
1 mm-thick slices and full-length X-rays of low-
er extremities (Full Leg Full Spine — FLFS) were
taken at the first stage in order to produce cus-
tom-made implants. Then a three-dimensional
computer model of the knee joint was created. It
was followed by the simulation of the bone defect
surface with the use of cut and crop tools that al-
lowed to remove artifacts and hypertrophic scars
visualized as bone structures. Afterwards the 3D
model of the proximal part of the tibia and/or
distal part of the femur of the intact (contralat-
eral) joint was mirrored with its following preci-
sion positioning to the place of the bone defect in
order to replace the latter. Then the Boolean sub-
struction operation was carried out to produce 3D
model of the custom-made implant. Pores were
made on the implant surface for better osteoin-
tegration. The following topologic 3D implant re-
finement was performed using the SIMP method
(Fig. 1). Finally, the implant was 3D printed using
Titanium-Aluminium-Vanadium (Ti6Al4V) alloy
and sterilized.

Surgical technique

Surgical intervention was performed under spi-
nal anesthesia in supine position of a patient.
Knee arthrotomy was carried out over the old
postoperative scar, spacer components were re-
moved, marginal modeling resection and pa-
tella denervation, if necessary, were performed
(Fig. 2). Then the synovial fluid was aspirated and
soft tissue fragments were recovered from 5 differ-
ent parts for the following bacteriological study.

Implant bed modeling for the components of
semiconstrained and fully constrained prosthe-
ses was carried out using standard instruments.
The sizes of femoral and tibial components were
chosen according to CT scans. Bone defects were
replaced by custom-made 3D implant depending
on their localization (proximal part of the tibia or
distal part of the femur) (Fig. 3).

Finally, prosthetic components were implant-
ed using the bone cement (Fig.4). Two doses of
bone cement in combination with thermore-
sistant antibiotics were applied to prevent infec-
tious complications. Then the range of motions
was checked, the joint stability was evaluated,
the wound was sutured layer-by-layer and knee
X-rays in two views were taken (Fig. 5).

Fig. 1. The stage of computer modeling of an individual
implant for the replacement of the distal femur (a) and
proximal tibia (b) bone defect
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Fig. 2. Defects
of the distal femur
and proximal tibia

Fig. 3. An individual implant made
on a 3D printer

Fig. 4. The implanted
individual endoprosthesis
components

Evaluation of results

All patients completed questionnaire survey be-
fore the surgery and 3, 6 and 12 months after the
surgery. Their results were evaluated according to
VAS, KSS, WOMAC and SF-36 international scales.
In KSS questionnaire the points from 80 to 100 cor-
responded to excellent results, from 70 to 79 - to
good results, from 60 to 69 - to satisfactory results
and under 60 — to unsatisfactory ones. In case of
WOMAC questionnaire 0-14 points meant excellent
results, 15-28 points — good results, 29-38 points —
satisfactory results and more than 38 points — un-
satisfactory results. SF-36 questionnaire evaluated
physical and mental health. The higher was the
score, the better was the quality of life.

Fig. 5. Postoperative X-rays of the right knee in
direct and lateral projections

Postoperative patient management

All patients had antibiotic prophylaxis (before
the surgery, during the surgery and 8 hours
after the end of the surgery) and thrombo-
prophylaxis (anticoagulants) in the postopera-
tive period. Since the 2™ day after the surgery
the patients were allowed to walk with par-
tial weight bearing on the operated knee us-
ing crutches. They were discharged from the
hospital within 4-14 days (7.7£3.5). In case of
pain syndrome, analgesics were administered.
Sutures were removed 18-21 days after the sur-
gery. Walking with full-weight bearing was al-
lowed 6 weeks after the surgery according to
examination results and X-rays.
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Statistical analysis

Statistical analysis of study results was per-
formed using Statistica 10.0 software (StatSoft,
USA). Descriptive statistics were presented as Me
[25p;75p] (where Me stands for median [25p;75p]
— 25" and 75™ percentiles) and/or relative value
(%). Wilcoxon test was applied to compare the
variables in the dependent groups. The differenc-
es were statistically significant in case of p<0.05.

RESULTS

There were no signs of individual implant loos-
ening in 23 out of 24 (96%) patients in the post-
operative period. One patient had deep peripros-
thetic infection that required revision surgery.
In all cases, precision positioning of prosthetic
components was achieved in accordance with the
parameters of preoperative planning.

Follow-up examination 12 months after the
surgery showed that 9 out of 24 patients (37.5%)

was able to walk without additional support, 10
out of 24 patients (41.7%) — with cane, 4 out of 24
(16.7%) — with crutches, 1 out of 24 (4.2%) — with
walkers. No periprosthetic fractures occurred in-
tra- and postoperatively.

Eleven out of 24 (45.8%) patients had excellent
results according to KSS, 9 (37.5%) patients — good
results, 4 (16.67%) patients — satisfactory results.
Evaluation of the results according to WOMAC
scale showed that 8 out of 24 (33.3%) patients
had excellent results, 13 (54.2%) patients — good
and 3 (12.5%) patients — satisfactory. Statistically
significant pain syndrome decrease was observed
in all patients (p<0.01) that was evident by posi-
tive dynamics according to VAS.

All patients also showed positive dynamics in
both physical and mental health according to the
SF-36 questionnaire (p<0.01) (Tab. 2).

Range of motions in the operated joint in-
creased in all patients in comparison with preop-
erative values (p<0.05) (Tab. 3).

Table 2
Patient survey results in 12 months, Me [25p; 75p]
Scale Before surgery After surgery p
VAS 6.0 [5.5; 70] 1.0[0; 2] 0.01
KSS 40 [34; 42] 84 [79; 88] 0.01
WOMAC 50.5 [46.5; 56.5] 17.5 [13; 25] 0.01
Physical health 31[19; 43] 77[67; 82] 0.01
SF36 Mental health 43 [34; 50 91[87; 93] 0.01
Table 3

Change of knee joint function values after revision arthroplasty with individual implants,

Me [25p; 75p]

Follow-up period, months
Parameter
0 3 6 12
Range of motions in the knee joint, deg 15[13; 20] 75 [70; 80]* 85[70; 95]* 90 [85; 95]*
Flexion angle, deg 20 [15; 25] 75[70; 80]* 85[70; 95]* 90 [85; 95]*
Extension angle, deg 51[3; 5]** 0[0; 0* 0[o; 01* 0 [0; 0]*

* — statistical significance of differences comparing to preoperative values (p<0.05);

** — extension deficit in the knee joint
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DISCUSSION

Custom-made implants for treating patients with
vast bone defects are used more and more often
in surgical practice nowadays [15]. However, as
a rule, the choice of method is determined by
surgeon’s preferences and availability of each of
technologies at a certain health care facility [16].
Lower extremity amputation is one of the treat-
ment options if there is no possibility to replace
the bone defect using standard implants [17].

G. Burastero et al. reported clinical and bio-
mechanical results of treating patients with bone
defects of the femur and the tibia using custom-
made porous metaphyseal cones. Good and ex-
cellent results according to KSS were obtained
in all patients, that corresponds to our findings.
Authors also showed that custom-made implants
provided more even load distribution upon the
bone in comparison with standard cement or ce-
mentless prosthesis stems [4].

M.W. Tetreault et al. presented the data on
survivability of 202 (134 tibial, 68 femoral) po-
rous custom-made titanium metaphyseal cones
in 139 patients. All patients had AORI types 2B
and 3 metaphyseal defects of the femur and the
tibia. Authors reported good clinical and radio-
logical outcomes. Patients’ mean score accord-
ing to KSS significantly increased from 50 (range
0-94) to 87 (range 72-94) points (p<0.001), and
that corresponds to our study findings [18].
Evaluating postoperative results, PJI was noticed
in 3 patients, one patient had periprosthetic
fracture, and one — aseptic loosening of the tibial
prosthetic component. Only one patient in our
study developed complication (P]JI). In our opin-
ion, possible causes of that were three surgeries
in his previous medical history (two of them - an-
tibacterial spacer implantation concerning PJI),
comorbidities (type II diabetes mellitus, rheuma-
toid arthritis, postphlebitic syndrome), muscular
hypo- and atrophy, multiple hypertrophic scars
at the surgical site.

A.A. Chernyi et al. present results of surgical
treatment of 26 patients with 30 custom-made
implants (12 femoral and 18 tibial) used during
revision knee arthroplasty. Similar to our study,

the authors reported no technical difficulties in
positioning and implantation of custom-made
titanium cones [17].

E.A. Remily et al. reported that 51 (98.1%) out
of 52 implants had no radiological signs of pros-
thetic component loosening. Mean KSS scores
were statistically significantly (p<0.001) higher
comparing to preoperative ones (52.0 before the
surgery; 80.4 after the surgery) [19]. Our study
also revealed positive dynamics and increase of
KSS scores in the postoperative period in com-
parison with preoperative values.

G. Piovan et al. presented in their study the
results of using custom-made metaphyseal tibial
cone with holes on its anterior surface that had
allowed the surgeon to achieve precision fixa-
tion of the tibial tuberosity with screws when
performing osteotomy during TKA [20]. However,
patients in our study had no indications for
such surgery. We suppose that this way of using
custom-made implants can become further ten-
dency towards 3D modelling of prosthetic com-
ponents of the knee.

Limitations

This study has limitations due to a small sample.
We consider it promising to study long-term re-
sults of surgical treatment of patients with vast
bone defects (AORI types 2B and 3) of the proxi-
mal part of the tibia and/or distal part of the fe-
mur with the use of custom-made implants for
revision knee arthroplasty and to perform the
comparative analysis of these results in compari-
son with officinal implants.

CONCLUSION

All patients had significant improvement in
SF-36, KSS, WOMAC and VAS scores in the post-
operative period. X-rays of 23 out of 24 patients
showed no prosthetic components’ loosening.
The implants precisely matched the bone defects
in all patients. Using custom-made implants pro-
duced by the means of additive technologies ena-
bles to preserve the lower extremity and its static
and dynamic function in case of revision knee
arthroplasty concerning vast bone tissue defects.
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Results of the Articular Spacer Application in Treatment
of Knee Periprosthetic Infection

Vyacheslav N. Mitrofanov, Svyatoslav B. Korolev, Dmitrii V. Presnov,
Roman N. Komarov, Mikhail M. Akulov

Privolzhsky Research Medical University, Nizhny Novgorod, Russia

Background. Currently, on the general background the number of primary totak knee arthroplasties (TKA)
increasing, so does the revisions. Among all the causes of revisions, periprosthetic joint infection occupies
one of the leading positions. The generally accepted tactics of two-stage revisions, along with the infection
suppression, implements other tasks: reducing pain, preserving and/or restoring joint function. Articular
antibacterial spacers allow you to complete all the tasks and preserve/restore the quality of patients” life on
staged treatment. However, studies demonstrating the results of periprosthetic joint infection treatment and
the use of various articular spacers still do not clear it's optimal design.

The aim of the study was to improve the intermediate treatment results of periprosthetic knee joint infection
using articular spacer implantation.

Methods. A single-center retrospective cohort study was performed. At the first stage of the study, the results
of surgical treatment of 420 patients with periprosthetic knee joint infection treated at the clinic in 2011-
2019 were analyzed. At the second stage, after applying the inclusion and exclusion criteria, 182 patients were
included in the analysis. Two representative groups are identified among them. In the comparison group, hand-
made cement liner with articulating surface was used, in the main group — conventional one.

Results. The implantation of the endoprosthesis components with the restoration of anatomical relationships
in the joint and the ligamentous balance, the replacement of the cement liner with conventional one made of
ultra-high molecular weight polyethylene led to reduction in the surgery duration, intraoperative blood loss and
period of hospitalization, an increase in the range of motions in the joint, greater stability of the components
and suppression of infection in 94.6% of patients.

Conclusion. The use of various spacers did not significantly affect the probability of infection suppression,;
however, the number of infection relapses was lower in the group where the liner made of ultra-high molecular
weight polyethylene was used. Optimization of surgical treatment techniques and the use of articular spacer
based on a three-component conventional endoprosthesis has significantly improved the treatment results of
patients with periprosthetic infection of the knee joint.

Keywords: total knee arthroplasty, periprosthetic joint infection, two-stage revision, articular spacer.
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Pe3ynbraTbl NpUMEHEHUs apTUKYIUPYIOLLLEro cneicepa npu Ne4eHuu
nepunpoTesHon UHPEKLMU KONTIEHHOro CycTaBa

B.H. Mutpodanos, C.b. Koponés, /I.B. IIpecHos, P.H. Komapos, M.M. AKy/oB

@I'BOY BO «IIpusonxckuli uccredosamensckuii meduyuHckuli yHusepcumem» Murnsdpasa Poccuu,
2. Huxcnuti Hoszopod, Poccus

AxmyanvHocme. B HacTosiiiee BpeMsi Ha (poHe pocTa uucia onepauuit MepBUYHOTO IHIOMPOTE3UPOBAHUS
KOJIEHHOI'O CYCTaBa YBEIMYMBAETCS YaCTOTAa PEBU3MOHHBIX OIlepaTMBHBLIX BMelIaTe/lbCTB. Cpenyu BceX Mpu-
YMH PEBU3MOHHBIX ONepanuit mepurnporesHas MHGEKIMS 3aHMMAEeT OOHY U3 JTUINPYIOMMX Mo3umii. O61e-
MIPUHSATAST TaKTUKA JBYXITAITHOIO PEIHAOIPOTE3MPOBAHMS, HAPSITY C KYMMMPOBaHMEM MHGPEKIVMOHHOIO MpPOo-
1ecca, peaquMsyeT U JIpyrue 3afauu: CHUKeHMe OOJIEBOTO CMHApPOMA, COXpaHeHMe /WM BOCCTAaHOBJIEHME
GyHKIMM cycTaBa. VIMIUTaHTMpyeMble apTUKYAMPYIOIIYe aHTU6aKTepualabHble creiicepbl MO3BOJSIOT BbI-
TIOJIHUTh BCe IIOCTaBJIEHHbIE 33JauM U COXPaHUTL/BOCCTAHOBUTb YPOBEHb KaueCTBa XM3HU MALMEHTOB Ha
sTanHoOM JieyeHuu. OOHAKO MCCAeNOBAaHMUS, AEMOHCTPUPYIOLME pe3yiabTaTbl JieUeHUs M[epUIPOTEe3HON
MHGEKUUM U TIPUMeHEeHNE Pa3IMYHbIX BApMAHTOB apTUKYIUPYIOMIMX CIIeicepoB, 10 HACTOSIIee BpeMsl He I10-
3BOJISIIOT OTIPeeIUTb ONITUMAaIbHYI0 KOHCTPYKLUMIO.

Ilens uccnedosanus — yaydiinTb MeXITaIlHble Pe3y/IbTaThl JIeUeHMs MaleHTOB C TIepUNPOTe3HO nHbek-
LMelt KOJIEHHOI'0 CyCTaBa py UMIUIaHTal MM apTUKYIMPYIOLIero crieiicepa.

Mamepuan u memoodesi. [IpoBeIeHO OTHOIIEHTPOBOE PETPOCIEKTUBHOE KOTOPTHOE MUCC/Ie0BaHNe OTKPBITOTO
xapakTrepa. Ha mepBom 3rtarie ucCaefOBaHUS U3YYEHBI Pe3yJ/IbTaThl OIlePaTUBHOTIO jeueHns 420 nanueHToB C
TepUIIpOTE3HOV MHQEKIMEN KOJIEHHOTO CYCTaBa, MPOXOAMBIINX jJedeHne B KiauHuke B 2011-2019 rr. Ha BTO-
POM 3Tarle, ocjie IpuMeHeHUsI KpUTepUEB BKIIOUEHNS U UCKIIIOUEHMS], B aHanu3 Bouwin 182 nanuenTa. Cpenu
HMX BBIZIeJIEHDI [Be pellpe3eHTaTUBHbIE TPYIIIbL. B rpyrine cpaBHeHUs UCIIOIb30BajCs U3TOTOBJIIEHHBIN Bpy4-
HYIO IIEMEHTHbIN BKJIAIBIII C apTUKYIMPYIOLIE TOBEPXHOCThIO, B OCHOBHOI I'pyIIie — OQUIIMHATbHBINA.
Pesynomamot. YCTaHOBKaKOMIIOHEHTOB 3H0ITPOTE3aCBOCCTAHOBIEHVEM aHATOMMUYECKMX B3aUMOOTHOILIEHU A
B CycTaBe M OajaHca CBSI30YHOTO aliiapaTa, 3aMeHa I[eMeHTHOTO BKIabIa Ha OQUIMHAIbHBIN U3 CBEpX-
BBICOKOMOJIEKY/ISPHOI'O MOJMMU3TUIEHA TIPUBEIN K CHUXXKEHUIO OJIUTENbHOCTU OIepaTUBHOrO BMEIIATENbCTBA
M MHTPAOTIepallMOHHO KPOBOIIOTEPY, COKPAIIEHNI0 CPOKOB FOCIUTANIM3AIMY, YBEIMUEHUIO 06beMa JIBIUsKe-
HUi1 B cycTaBe, 60JIbIIEH CTAOMIBHOCTM KOMIIOHEHTOB M KYIIMPOBaHUIO MH(EKIMOHHOIO mpoiiecca y 94,6%
MalnyeHToB.

3akarouenue. IIpyuMmeHeHe pa3IMUYHbIX BAPUAHTOB CIIelicepa 3HaUMMO He TTOBJIMSIIO Ha BEPOSITHOCTh KYIIUPO-
BaHMS MHQEKIMM, OJHAKO KOIMUECTBO PELUMAMBOB MHMEKIMM MEHbIIE B TPYIINE, IIe MIPUMEHSIJICS BKJIaIbIII
3 CBEPXBBICOKOMOJIEKY/ISPHOTO MOMNATUIeHA. ONITUMMU3aLMS TEXHUKU ONIepaTUBHOIO JIEYeHUSI U IIpUMeHe-
HMe apTUKYIUPYIOIIETo cIieiicepa Ha OCHOBE TPEXKOMIIOHEHTHOTO OQUIIMHAIBLHOTO SHIOMPOTe3a M03BOINUIIO0
3HAUUTETbHO YIYUIIUTh PE3Y/IbTaThl JIEUeHMS MMAllMEHTOB C IePUITPOTE3HON MHGEKIINMEN KOJIEHHOTO CyCTaBa.

KiroueBble c10Ba: 3HIOMPOTE3MPOBaHYE KOJIEHHOTO CYCTaBa, mepuipoTesHast MHGEKIINS, IBYXITAlTHOe PesH-
IOTpOTe3upOBaHNe, apTUKYIUPYIOLTUIL crieficep.

Mutpodanos B.H., Koponés C.B., [Ipecuos [I.B., Komapos P.H., AkynoB M.M. Pe3ynbTaThl IpMMEHEHUST aPTUKYIUPYIO-
1Iero crejicepa npu JieueHUM MepuUIpoTe3Hoit nHeKLun KoleHHOro cycraBa. Tpasmamonozus u opmonedus Poccuu.
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BACKGROUND

Total knee replacement is one of the main sur-
gical methods of treatment of severe knee os-
teoarthritis, dysplastic and posttraumatic knee
deformities [1, 2]. The number of arthroplasties
performed in Russia and in the world has been
constantly growing every year, moreover, the rate
of revision arthroplastic surgeries has also in-
creased significantly [3, 4]. According to foreign
authors, by 2030 the quantity of primary and re-
vision knee arthroplasties might reach 1.2-2.48
millions cases [5, 6].

The hardest and most difficult-to-treat com-
plication is periprosthetic joint infection (PJI)
that represents deep purulent process in the sur-
gical site developing after prosthesis implanta-
tion. Its complication rate after primary surge-
ries reaches 5% [7, 8, 9]. As for revision surgeries,
PJI is diagnosed in 35.9% of cases according to
foreign authors and in 50% of cases according to
Russian authors [10, 11, 12, 13, 14].

Two-stage tactics of treatment with the use
of cement spacer impregnated with antibio-
tics at the first stage still remains the gold stan-
dard [15, 16, 17, 18]. The main task of articulat-
ing spacers’ implantation is to manage infec-
tion process. Moreover, they enable to avoid big
amount of wear products, restore joint anatomy,
preserve range of motions, that all totaled will
subsequently facilitate the last stage of revision
arthroplasty and help to achieve the best func-
tional result [19, 20].

There are several technical decisions of ar-
ticulating spacer implantation, among them are
constructions that are made manually and in-
traoperatively with cement-on-cement bearings
or femoral and tibial officinal prosthesis compo-
nents with cement insert containing thermore-
sistant antibiotics instead of polyethylene liner.
This cement-on-metal bearing is considered
more promising as it has less wear products. At
the same time the wear of contact surface allows
to release antibacterial substances from deeper
layers of cement component, enhancing and pro-
longing antibacterial impact on surrounding tis-
sues [21]. However, despite being fewer, the grits
formed due to joint movement still create favora-
ble conditions for persister cells that contribute
to purulent process [22].

Thus, at the first stage of revision arthroplasty
we face an acute problem of choosing the most

suitable type of spacer to minimize complica-
tions, decrease pain syndrome and improve post-
operative functional results.

Aim of study - to evaluate the impact of bear-
ing type of articulating spacer construction on
first stage results of treatment of patients with
periprosthetic infection of the knee.

METHODS

Study design

Single-center retrospective cohort open study
was performed. Results of surgical treatment of
420 patients with PJI who underwent hospital
therapy in 2011-2019 were studied at the first
stage of our research. At the second stage 182 pa-
tients were enrolled in the study after inclusion
and exclusion criteria had been applied. These
patients formed two representative groups.
Handmade cement liner with articulating surface
was used in the control group and officinal liner
in the main group.

Patients who met inclusion and exclusion cri-
teria were divided into two groups depending on
the used articulating spacer components.

Group 1 (control group) included 89 patients
(19 men and 70 women). Intraoperatively fab-
ricated articulating spacer made of antibacte-
rial cement liner and officinal prosthesis com-
ponents with cement-on-metal bearing was used
in group 1 patients at the first stage of revision
arthroplasty.

Group 2 (main group) included 93 patients (22
men and 71 women). Officinal prosthesis compo-
nents with metal-on-polyethylene bearing were
used in this group of patients.

The following criteria were developed in order
to perform comparative analysis of study groups
where different techniques were used.

Study inclusion criteria:

— age from 18 to 79 years;

— confirmed PJI after
arthroplasty;

— use of knee articulating spacer at the first
stage of the treatment.

Study exclusion criteria:

— types IIb-III bone defects of tibia and fe-
mur according to AORI classification;

— soft tissue defects of the knee area requir-
ing reconstruction surgery;

— decompensated comorbidities (diabetes

primary total
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mellitus, cardiovascular diseases, severe anemia,
gastroduodenal ulcer, etc.);

— signs of systemic inflammation (sepsis);

— positive HIV, syphilis, hepatitis A, B, C tests.

Patients’ examination

All patients underwent identical clinical and in-
strumental examination: interview (complaints,
anamnesis, VAS), physical examination (includ-
ing muscles, scars, fistulas, peripheral innerva-
tion, range of motions), laboratory tests (clini-
cal blood analysis and biochemical blood test),
instrumental diagnostics (ECG, ultrasonography
of lower extremities’ vessels, knee X-ray in two
views).

At prehospital stage the bacteriological ex-
amination of synovial fluid or fistulous drainage
was performed in the polyclinic of traumatology
institute or less often in other health care facil-
ity. Second verification of infectious agent and
antibiotic sensitivity test were carried out after
patient’s admission to the hospital at preopera-
tive preparation stage. Scraping of the wound
tract and knee joint aspirate were the materials
for analysis in case of fistula. If there was no fis-

tula, bacteriological examination of arthrocente-
sis material was performed.

Surgery technique and postoperative
patient management

For 6 years since 2011 we have been using the fol-
lowing technique for implantation of articulating
spacer in our clinic. The prosthesis been removed
and focus of purulence been debrided, new officinal
components of prosthesis were installed on bone
cement with thermoresistant antibiotic in accord-
ance with bacteriological tests. Their positioning
and alignment in reference to extremity axis were
performed under visual control. One more dose of
cement was fixed to the tibial plate due to adhe-
sion, creating prosthesis liner. Then the femoral
test component was covered with white petrolatum
to avoid adhesion of cement to its surface. After the
start of polymerization phase the extremity was ex-
tended with correct axial alignment (Fig. 1).

At the final stage officinal femoral prosthesis
component was implanted. Produced articulating
spacer construction provided sufficient stability,
joint motions and required antibacterial effect on
surrounding tissues (Fig. 2).

Fig. 1. The cement liner making:
a — articular surface of the cement liner modeling before the
polymerization stage;

b — hand-made liner is implanted

Fig. 2. The articular spacer
is implanted
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Number of disadvantages of used construc-
tion were revealed analyzing the results of stage
treatment of patients. Albeit in small quanti-
ties, wear products were generated when using
metal-on-cement bearing, that was the basis of
inflammation recurrence. Additionally, cement
liner modelling and components installation un-
der visual control not always allowed to acquire
anatomically correct axial alignment and proper
ligament balance of the joint. This technique im-
plied at least two bone cement exposures, which
increased the duration of surgery and blood loss.
Moreover, constructions required obligatory in-
terchange due to incorrect axial alignment and
ligament imbalance, that reduced the durability.

Since 2017 we have abandoned this technique
in favor of “temporary-permanent” prosthesis.
We use officinal three-component prosthesis,
that is retained with bone cement together with 4
grams of thermoresistant antibiotic. We place the
prosthesis with correct axial alignment and with
restored ligament balance of the joint. Along with
that we reduce the volume of antibacterial depot.

The first stage of surgical treatment of majority
of patients was performed within a year after the
primary arthroplasty (Tab. 1). There was no statis-
tically significant difference between the groups in
terms of time of treatment (y = 0.938; p = 0.626).

The prevalence of late patients’ admission to
the hospital was mainly caused by delayed PJI
diagnostics and unreasonable attempts of con-
servative treatment.

Surgeries in both groups were carried out un-
der spinal anesthesia with controlled hypotension.

Incision was made over the old scar with fistulec-
tomy (if fistula was present). Purulence focus de-
bridement was performed and included resection
of compromised synovium with adjacent capsule,
scars, granulations and necrotic tissues. At least
three tissue fragments bordering on femoral, tibial
and patellar prosthesis components were sampled
for bacteriological examination. Then the implants
were removed and sparing resection of compro-
mised bone tissue of femur and tibia was performed
avoiding formation of large bone defects. One of
the main steps of surgical debridement is to remove
all fragments of old bone cement (in case of cement
fixation). Next, tissues were conditioned with ultra-
sound cavitation device (AUZH-100-“FOTEK”) and
pulse lavage system with 0.1% solution of Lavasept.
Volume of fluid used for irrigation of wound sur-
faces equaled 4 liters. Exposure of solutions in the
wound including the time of ultrasound condition-
ing was ~10 minutes. New femoral and tibial pros-
thesis components were implanted in all patients
and fixed with bone cement with gentamycin, add-
ing thermoresistant antibiotics according to anti-
biogram results.

In the group 1 intraoperatively fabricated ce-
ment liner was installed between the officinal
femoral and tibial implants (Fig. 3).

Remodeling of articular surfaces was per-
formed in the group 2 with the use of intramed-
ullary guides and cutting blocks. Stability tests
were used to evaluate collateral ligaments ten-
sion and flexion/extension of the knee with trial
implants in order to determine optimal thickness
of officinal liner (Fig. 4).

Table 1
Time from infection onset to patient’s admission to hospital
o) Crou?

n % n % n %
< 1 months 7 7,9 5,4 12 6,6
1-12 months 59 66,3 59 63,5 126 69,2
> 1 year 23 25,8 29 31,1 44 24,2
Total 89 100,0 93 100,0 182 100,0
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Selected officinal polyethylene liner was in-
stalled in the chamfers of tibial plate after the
end of cement polymerization. Redon drainage
system was used in all patients, the wound was
sutured layer-by-layer.

Joint immobilization was performed with rigid
fixation brace on the operating table. Intravenous
antibacterial therapy was administered accord-
ing to the results of preoperative antibiogram.
If there was difference in the results of pre- and
intraoperative bacteriological tests, the latter
was deciding. Low-molecular-weight heparins in
preventive dose (enoxaparine 0.4 subcutaneously
1 time a day for no less than 10 days) were admin-
istered to prevent thromboembolic complica-
tions. In postoperative period all patients rested
in bed till the drain tube was removed on the 2nd
or the 3rd day depending on amount of wound
discharge. The next day after drainage removal
the patients were verticalized. They were allowed
to walk with weight-bearing on operated limb up
to 20% of body weight. Conditioning exercises
were administered and individual rehabilitation

Fig. 3. X-rays of a 52-year-old
patient (2014):

a — before surgery;

b — after the articular spacer
implantation

Fig. 4. X-rays of a 55-year-old
patient (2017):

a — before surgery;

b — after the articular spacer
implantation

program was recommended in cooperation with
exercise physiologist in order to restore range
of motions and strengthen muscles of operated
limb.

Intravenous antibiotic therapy lasted until
patient’s discharge, following which the medi-
cations were prescribed in tablets at the outpa-
tient treatment stage. Maximum authorized drug
course was administered in case of using antibi-
otics with increased toxicity. It was recommend-
ed to gradually increase partial weight-bearing
to full by the 4th week after the surgery. Patients
temporarily took off their knee brace to allow
joint motions. Been discharged from the hospi-
tal, 4 weeks later they were invited for follow-up
examination with joint function assessment and
monthly bacteriological analysis of knee joint as-
pirate. Also, it was decided whether the further
immobilization was needed.

If there was no bacterial growth in 3 months,
patients were referred to the second stage of re-
vision arthroplasty. If pathogenic microflora was
detected in the joint aspirate, suppressive anti-
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biotic therapy was administered. After the end of
the course the second aspirate examination was
performed. In case of bacterial growth, the first
stage of revision arthroplasty was carried out.

Assessment of results

Active knee motions were evaluated in patients
right before spacer implantation and 3 months
after the surgery. Null method of examination
was applied. Stability of spacer components was
evaluated analyzing x-rays. Resorption at the ce-
ment-on-bone (metal-on-bone) borderline and
axial alignment of components in anteroposte-
rior and lateral views were assessed in compari-
son with postoperative x-rays. Visual analogue
10-point scale (VAS) was used to measure pain
intensity. The survey took place on the 1t and
the 7™ days and on the day of discharge.

Statistical analysis

Statistical analysis of data summarized in
Microsoft Excel table was performed with IBM
SPSS Statistics 26 (software for Windows 10).
Lilliefors modification of Kolmogorov-Smirnov
normality test was used for quantitative values.
Student’s t-test for independent samples was
applied in case of normal distribution. Mann-
Whitney U test was used to compare quantitative
values in experimental groups if distribution was
non-normal. Nominal data comparison was car-
ried out using Pearson y? test. Yates' correction
was applied in case of analysis of two dichoto-
mous variables. Level of p<0.05 was considered as
a criterion of statistical significance.

RESULTS

No statistically significant differences were iden-
tified between patient groups on the basis of
gender status and age (p = 0.099). Average pa-
tient age of the first and the second group was
61.0£10.4 and 63.4+8.4 years respectively.

Active knee motions were evaluated with
the use of fleximeter before implantation and
3 months after the first stage of surgical treat-
ment. Range of motions in patients of the first
group before surgery was on average 54.0+5.4°,
in 3 months — 95.5+5.8°; in the second group it
was 57.8+5.0° and 71.0%5.2° respectively (Fig. 5).

After the first stage of the treatment all pa-
tients were examined concerning stability of
spacer components (Tab. 2).

Data analysis showed that the second group had
significantly more stable tibial (4>=5.623; p=0.018)
and femoral () = 4.199; p = 0.040) components
before starting the second stage of the treatment.

Joint aspirate analysis showed that the main
infectious agent in both groups was staphylococ-
cus-dominated gram-positive flora. The percent
of methicillin-resistant Staphylococcus aureus
(MRSA) was 20.9%, the percent of coagulase-
negative methicillin-resistant Staphylococcus
epidermidis (MRSE) was 55.7% (Tab. 3).

Analysis of gram-negative agents’ struc-
ture showed the prevalence of nonfermentative
gram-negative bacilli over enterobacteria. Ps.
Aeruginosa was identified more often among
the nonfermentative bacteria. K. pneumoniae
prevailed among enterobacteria in patients with
PJI. Great number of strains of nonfermentative
gram-negative bacilli had resistance to various
antibiotics. There were no statistically significant
differences concerning types of infectious agents
in patients of both groups (y? = 0.940; p = 0.967).

Average duration of surgery, as well as average
volume of intraoperative blood loss in the second
group were significantly lower (p = 0.001). Period
of hospital stay of patients who underwent two-
stage revision arthroplasty with the use of spacer
with officinal liner was shorter by 5.4 days than
in patients of the second group (Tab. 4).

On the first day after the surgery the pain lev-
el in both patient groups differed insignificant-
ly. Pain syndrome decrease in the second group
was noticed in 7 days, being significantly lower
than in the first group before patients’ discharge
(p =0.001) (Tab. 5).
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Fig. 5. The range of knee motions before
and after the first stage of surgical treatment
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Table 2
Stability of components before II stage of the treatment
Group 1 Group 2
Stability Tibial Femur Tibial component Femur component
component component
n % n % n % n %
Stable 47 52.8 60 674 66 71.0 76 81.7
Unstable 42 47.2 29 32.6 27 29.0 17 12.3
Total 89 100 89 100 93 100 93 100
Table 3
Structure of identified infectious agents
Group 1 Group 2 Total
Infectious agent
n % n % n %
S. Aureus 27 (5%) 27.3 30 (7%) 30.6 57 28.9
S. Epidermalis 21 (11%) 21.2 22 (13%) 22.5 43 21.8
Gram(+) 19 19.2 17 17.3 36 18.3
Gram(-) 6 6.1 4.1 10 5.1
Polymicrobial flora 10 10.1 8 8.2 18 9.1
Microbial growth not found 16 16.1 17 17.3 33 16.8
* methicillin-resistant strains.
Infection process recurrence was noticed in 10
Table 4

Surgical time, blood loss and of hospital
stay in treatment stage I

Group 1 Group 2
Parameters (n=89) (n=93)
Surgical time, min 191+£22 127%12
Intraoperative blood 493.4+68.0 341.8+72.4
loss, mm
Length of hospital stay, 26.10£9.58 20.70%6.69
days
Table 5
Pain syndrome severity scores (VAS)
Day after Group 1 Group 1
surgery
First 8.4%1.5 8.1£1.8
Seventh 5.3%2.1 3.9+2.0
Day of 4.6%1.9 2.3%1.3
discharge

(11.2%) patients in the first group and 5 (5.4%)
patients in the second one. In both cases it was
managed after redoing the first stage. No other
complications connected with the first stage of
the treatment were noticed in both groups.

DISCUSSION

According to the Second International Consensus
Meeting on Musculoskeletal Infection, the choice
of treatment method depends on infectious pro-
cess onset and clinical severity. [23]. Suppressive
antibiotic therapy, open debridement with the
substitution of all removable prosthesis compo-
nents, one- or two-stage revision arthroplasty are
possible [24, 25]. Two-stage revision arthroplasty
remains frontline and highly-efficient method of
chronic PJI treatment due to the use of cement
antibacterial spacers that produce enough anti-
biotic concentration in surrounding tissues [26].
Two types of spacers (articulating and static)
are applied in case of two-stage PJI treatment of
the knee. Systematic literature review published
by foreign authors included treatment results of
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1526 patients and showed no significant differ-
ence in managing infection process (88% in case
of static spacers and 92 in case of articulating
ones). However, there was a great difference in
average range of motions after the second stage
of the treatment (91° for static spacers and 101°
for articulating) [27].

There are multiple structural designs of ar-
ticulating spacers. The most popular of them are
cement-on-cement,  cement-on-polyethylene
and metal-on-polyethylene bearings. Thus, now-
adays there are some splits over the best bearing
of articulating spacer [21].

Results of our comparative study revealed
that application of officinal polyethylene liner
instead of cement one containing antibacterial
agent had not increased infection rate. In our
opinion, using metal-on-polyethylene bearing
seem to be the most optimal that is confirmed
by surgical treatment results of 182 patients with
periprosthetic knee joint infection. Moreover,
officinal prosthesis component made of ultra-
high-molecular-weight polyethylene instead of
cement liner as well as joint anatomy and liga-
ment balance restoration proved their efficacy.
94.6% of patients of prospective group were no-
ticed infection process reversal, increase of range
of motions, reduction of surgery and hospitaliza-
tion duration as well as intraoperative blood loss.
According to several authors, recurrence rate is
within 9-33% [28, 29].

Introduced technical decision and algorithms
of perioperative patient management appeared
to be reasonable and became basic for improv-
ing short- and long-term results of treating pa-
tients with periprosthetic knee joint infection.
Implantation of temporary-permanent pros-
thesis potentially allows patients to accomplish
treatment without revision arthroplasty in case
of meeting conditions for one-stage surgery, that
are:

- antibiotic-sensitive microbial agent;

- local inflammation process (no leakage,
phlegmon or soft tissue defect);

- normal bone density and intact ligament
apparatus;

- no vast bone defects.

Our study enabled to review the tactics of sur-
gical treatment of patients with chronic infec-
tion. In 2020 we managed to preserve prosthe-
ses in 17.6% of all patients that had undergone
surgeries in clinics. In 2017 J.M. Cancienne et al.

published meta-analysis of treatment results of
18533 patients. In 12.5% of cases the spacers re-
mained permanent [30].

Indications’ update and expansion is consid-
ered perspective as it allows to reduce surgical
complication rate, decrease duration of inpatient
stay, increase quality of life and life time, speed
up the return to daily activities and reduce finan-
cial expenses on treatment opposed to two-stage
revision arthroplasty.

CONCLUSION

Including comparative data analysis of surgical
treatment of two groups of patients with peripros-
thetic knee joint infection, our study enabled to
make conclusion of significant impact of articu-
lating spacer bearing on results of the first stage
of two-stage revision arthroplasty. Using officinal
knee joint prosthesis components allowed to reach
higher functional results before the second stage of
the treatment, as well as to decrease pain syndrome
and risk of infection recurrence. Implantation of ar-
ticulating spacer according to the principle of clean
replacement enabled to significantly decrease the
number of unstable components and, as a conse-
quence, the number of infectious complications.
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Cesasb nonumopodusma reHoB LYPLALI u TGFA ¢ nporpeccMpoBaHUeM
0CTeoapTpOo3a KONIEHHOIO CycTaBa y Xxutenen LleHTpanbHoro
YepHo3eMbsa Poccuu

B.b. HoBaxkos 2, O.H. HoBakoBa !, M.l. UypHOCOB'

L ®IrAQY BO «benzopodckuii 2ocydapcmeeHHbili HAYUOHATbHBIL uccnedosamesnvbckuti yHusepcumem» Munobpuayku Poccuu,
2. Beneopod, Poccus

2 OI'BY3 «l[opodckas 6onvHuuya N2 2», 2. Benzopod, Poccust

AxkmyansHocms. OcteoapTpo3 (OA) KOJIEHHOTO CYCTaBa SIBJIIeTCSI MHOTOGAKTOPHBIM 3a60/ieBaHMEM, B PA3BUTUM KO-
TOPOTO BakHAs POJIb OTBOAUTCS reHeTM4YeCcKUM akropam. [{osst HacaeqCTBeHHOV KOMITOHEHTHI B pa3Butum OA, 1o JaH-
HBIM Pa3HbIX INTEPATYPHBIX UCTOYHUKOB, cocTaBisieT oT 40 10 65%. OA KOJIEHHOTO CyCcTaBa SIBJISIeTCS TPOTrPeCcCUPYIOIINM
3ab0sieBaHMEM, IPUBOASIINM K CHUKEHMIO KAUeCTBa KU3HMU, TIOTePe TPYAOCIOCOOGHOCTH.

Llenv uccnedosarus — OLEHUTH POJIb MOMUMOPGHBIX MapKepOB I'eHOB-KaHAMIATOB 1s2820436 u rs2820443 LYPLALI,
rs3771501 TGFA, rs11177 GNL3, rs6976 GLT8D1 B mporpeccupoBaHMM OCTe0apTPO3a KOJIEHHOTO cycTaBa y HaceneHus LleH-
TpanbHOro YepHoszembs Poccumn.

Mamepuan u memodet. ViccienoBaHye BbITIOTHEHO B IM3aiiHe «CTydaii-KOHTPOIb» Ha BbIOOpKe 13 500 60/bHBIX ¢ OA
KOJIEHHOTO cycTaBa. «Cimyuaii» — 6ombHbIe ¢ [I1-1V cragusivmu 3a6oneBanus 1o Kellgren—Lawrence (n = 325), «KOHTPOJIb»
(MHIMBUAYYMbI, He UMeIOII/e aHAIU3UPyeMoro npu3Haka — c III-1V cragusivmu 3a6oneBanust) — manyeHTsl ¢ 11 craaneit
3a6oneBanus (n = 175). Metogowm ITIP-cuuTe3a [THK BbITTOTHEHO FeHOTUITMPOBAHME TIATU OMHOHYKIEOTUTHbBIX TTOVIMOD-
du3moB (SNP) reHOB-KaHAMJATOB B M3yUae€MbIX IPYIax GOMbHBIX. VI3yueHue acCoumanyit MccaeqyeMbIX MoaMMMOpPGhHbIX
JIOKYCOB, pacyeT YacCTOT TalIOTUIIOB M aHA/IN3 UX CBs3eii ¢ mporpeccupoBanreM OA KOJI@HHOTO CyCTaBa IMPOBeJeHO MeTO-
IIOM JIOTMCTUYECKOit perpeccun B mporpamme PLINK v. 2.050.

Pezynomamoi. 3HaunMble accormanyum ¢ mporpeccupoBanyeM OA KOJIEHHOTO CyCTaBa YCTaHOBJIEHBI IJISI a/l/IeIbHOTO
BapuaHTa A 152820436 rena LYPLALI cornacHo amienbHo¥ (Ol = 1,48; p = 0,010; Dperm = 0,012), agoutusHoi (OLI = 1,58;
p =0,009; Dperm = 0,010), mpommuanTHoi (OLI = 1,61; p = 0,024; Dperm™ 0,030) reHeTMUYECKMM MOZEISIM U TeHOTUIia A/A atoro
ke monmmopdusma (OIII = 2,53; p = 0,041). [TpOTEKTUBHYIO POJIb B MTPOrpeccUpoBaHmu 3a60meBanust uMeroT reHoTurbl C/C
rs2820436 LYPLALI1 (OLI = 0,67; p = 0,043), A/G rs3771501 TGFA (OR = 0,67; p = 0,042). YcTaHOBJIEHO, UTO YaCTOTa rario-
tuma AC rarmino6mioka rs2820436-1s2820443 B rpyrre 60abHbIX ¢ [II-IV cTagusimMu 3a60eBaHMst CTATUCTUYECKY 3HAYMMO
BbIIIe, yeM y nanueHToB co II cragueit (OLI = 1,83; p = 0,002; Dperm = 0,002).

3axntoueHue. l'enetyueckumu pakropamu pucka pa3sutusi OA koneHHoro cycrapa [II-1V peHTreHomOrMYeCKUX CTAANA
SIBJISTIOTCSI aJUTe/IbHbI BapuaHT A u reHotun A/A rs2820436 rena LYPLALI, ramtotun AC ramio6ioka rs2820436-rs2820443
y HaceneHus LenTpanbHoro YepHosembst Poccun. Tenorunst C/C rs2820436 reHa LYPLALI n A/G rs3771501 rena TGFA ume-
10T MTPOTEKTUBHOE 3HAUEHME B ITPOrpecCUPOBaHMM 3a60IeBaHNS.

KiioueBble coBa: OCTe0apTpO3 KOJMEHHOTO cycTaBa, LYPLALI, TGFA, mtonuMopdHbBIi JIOKYC, acCOIMalNm,
reHbI-KaHIUIAThI.

Hosakos B.B., HoBakoBa O.H., YypHocoB M.U. CBsi3b nonumopdmsma reHos LYPLALI u TGFA c mporpeccupoBaHueM
0CTeoapTpo3a KOJIEHHOTO cycTaBa Y skutesneii LienTpanpHoro YepHosembst Poccun. Tpasmamonozus u opmonedust Poccuu.
2022;28(4):42-53. https://doi.org/10.17816/2311-2905-1979.
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Polymorphism of LYPLAL1 and TGFA Genes Associated
With Progression of Knee Osteoarthritis in Residents Central
Chernozem Region of Russia

Vitaly B. Novakov 2, Olga N. Novakova !, Mikhail I. Churnosov'!

I Belgorod National Research University, Belgorod, Russia
2 City Hospital No. 2, Belgorod, Russia

Background. Knee osteoarthritis (OA) is a multifactorial disease in which genetic factors play an important
role. The share of the hereditary component in the development of OA, according to various literature sources,
ranges from 40 to 65%. Knee OA is a progressive disease that leads to a decrease in the quality of life and
disability.

The study aimed to evaluate the role of polymorphic markers of candidate genes rs2820436 and rs2820443
LYPLALI,1s3771501 TGFA, rs11177 GNL3, rs6976 GLT8D1 in the progression of knee OA in the population of the
Central Chernozem Region of Russia.

Methods. The study was performed in a case-control design on a sample of 500 patients with knee OA.
Case — patients with ITI-IV stages of the disease according to Kellgren-Lawrence (n = 325), control (individuals
who do not have the analyzed sign — III-1V stages of the disease) — patients with stage II (n = 175). Genotyping
of five single nucleotide polymorphisms (SNPs) of candidate genes was performed using the polymerase
chain reaction method for DNA synthesis. The study of the associations of the studied polymorphic loci, the
calculation of haplotype frequencies and the analysis of their relationship with the progression of knee OA
was carried out by the method of logistic regression in the program PLINK v 2.050.

Results. Significant associations with the progression of OA of the knee were established for allelic variant
A 12820436 of LYPLALI gene according to allelic (OR = 1.48, p = 0.010, Pyerm = 0.012), additive (OR = 1.58,
p = 0.009, p,,,, = 0.010), dominant (OR = 1.61, p = 0.024, P, = 0.030) genetic models and A/A genotype
of the same polymorphism (OR = 2.53, p = 0.041). The genotypes C/C rs2820436 LYPLALI (OR = 0.67,
p =0.043), A/G rs3771501 TGFA (OR = 0.67, p = 0.042) have a protective role in the progression of the disease.
It was found that the frequency of the AC haplotype of haploblock rs2820436-rs2820443 in the group of
patients with III-IV stages of the disease was significantly higher than in patients with stage II (OR = 1.83,
p=0.002,p,,,, =0.002). The identified molecular genetic markers rs2820436 and rs2820443 of LYPLALI gene,
rs3771501 of TGFA gene are associated both with the risk of developing OA according to previous genome-
wide studies and, according to our data, are associated with the progression of knee OA.

Conclusions. Genetic risk factors for the development of knee OA of III-IV radiological stages are allelic
variant A and genotype A/A rs2820436 of LYPLALI gene, haplotype AC of haploblock rs2820436-rs2820443 in
the population of the Central Chernozem Region of Russia. Genotypes C/C rs2820436 of LYPLALI gene and
A/G rs3771501 of TGFA gene have a protective value in the progression of this disease.

Keywords: knee osteoarthritis, LYPLALI, TGFA, polymorphic locus, associations, candidate genes.
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BBEJEHUE

ITop, octreoaptpo3zom (OA) MOHMMAKT XpPOHMUYE-
cKoe 3a6ojieBaHe OMOPHO-ABUTATEbHOTO aliapara,
KOTOpO€e XapaKTepU3yeTcsl pa3pylieHeM CyCTaBHOTrO
XpsIa, BOCTIAJIEHVEM CHMHOBMAIbHOI 060I0UKY, pe-
mopenvposanuem Koctu [1]. OcrteoapTpo3oM cTpa-
JaeT 6omee 240 MJIH 4e/lloOBEeK BO BceM Mupe [2].
PacnpoctpaneHHocTb OA KOJIEHHOTrO cycTaBa KoJie-
67eTcsl B JOCTaTOYHO LIMPOKMUX NMaria30Hax, 3aBU-
CUT OT TIOTYJISILIMM, TTONIa, Bo3pacta [3, 4]. B pabote
JL.U. AnexkceeBoii ¢ coaBTOpaMyu IIpUBeIEHBI 00606-
IIeHHbIE JaHHble HECKOJIbKUX IMUIEMUOTOTUYECKUX
MCClIeJOBaHUI TOHAPTPO3a, KOTOPbIe CBUETENbCTBY-
IOT O TOM, UYTO YacTOTa BCTPeUYaeMOCTU JaHHOIO 3a-
6oeBaHMSI MOXeT BapbUpOBaTh B IuamnasoHe ot 2,0
10 42,4% 1ipyu yCI0BUM IIPUMEHEHUS 11 [MarHOCTU -
KV UCKJTIOUMTENbHO KIMHUYECKUX KpUTEepUeB, oT 16,3
10 33,0% — TONMBKO PEHTIe€HOJIOTNYeCKUX KpUTepUeEB
u ot 1,5 no 15,9% — nipy KOMOMHAIIUY KIMHUYECKUX
U peHTreHosornuyeckux kpurepues [3]. B Poccun OA
KOJIEHHOTO ¥/W/iK Ta300eqpeHHOr0 CycTaBOB CTpa-
naet 13% nacenenus crapiie 18 et [5]. OA KoJleHHO-
rO cycTaBa NPUBOAUT K CHVDKEHMIO KauecTBa XXU3HMU,
MOTePe TPYAOCIIOCOOGHOCTY, OTPAaHNYEHNIO TIEPEHO-
cumocTy Gpu3uveckoit Harpys3Ku, a Imporpeccupona-
HIe 3a060/IeBaHUST MOXKET CTaTh MPUUYMHON MHBAIU]I-
HOCTH [6].

HdanHble M0 dakTOpaM pUCKa MPOrpeccupoBaHMUs
OA KOJIEeHHOro CyCTaBa OCTalOTCS BeCbMa IIPOTUBO-
peunBbiMM [7]. COIIaCHO NUTEPATYPHBIM [TAHHBIM,
B passutuu/mporpeccupoBanuy OA 3HauuMmasi poib
OTBOJMUTCS HAC/Ie[ICTBEHHBIM (TeHeT4ecknM) haKTo-
pam [1, 3, 8, 9]. OnHako npoBeeHHbIe MOIEKYISIPHO-
reHeTmuueckue muccnenosauus OA KOJIEHHOTrO CycTaBa
MO3BOJIUIN YCTAaHOBUTh CPAaBHUTEIbHO HeOOJbIIOoe
KOJIMUECTBO TOAMMOP(}HBIX BapMaHTOB T'eHOB-KaH-
nunatos (ADAMI12, CILP, OPG, TNA, IL-1, GDFS5),
aCCOLMMPOBAHHBIX C MPOrPecCUMPOBAHUEM [aHHOI
natosnoruu [10, 11,12, 13, 14]. CTOUT OTMETUTH MaJIO-
YMCIEHHOCTb BBIMIOIHEHHBIX MCC/IENOBaHMI, TOCBSI-
IIEHHBIX TaHHOI Pob6eMe, U UX OTCYTCTBUE B OTe-
YyeCTBEHHOII JuTepaType. BoiiensnoskeHHble (GaKTbI
IUKTYIOT HEOOXOAMMOCTD MPOBEIEHUS JaTbHENIINX
MCCefOBaHMIA, HAITPpaBAeHHbBIX HA TTOUCK TOIMMOpdh-
HBIX FeHeTMYeCKUX MapKepoB mporpeccupoBaHus OA
KOJIEHHOTO CYCTaBa B Pa3/JIMYHBIX HOMYISLMSIX MUpa,
B TOM umciie u B Poccnn.

Ilenv uccnedosanusi — OLEHUTHb PONIb MOMUMOP(-
HbIX MapKepoB TeHOB-KaHAUZATOB 1s2820436 wu
rs2820443 LYPLALI, rs3771501 TGFA, rs11177 GNLS3,
1s6976 GLT8D1 B mporpeccMpOBaHUM OCTe0apTpO-
3a KOJIEHHOTO CycTaBa y HaceineHUsl lleHTpanbHOro
UYepHo3embs Poccun.

MATEPUWAJI U METObI
JIu3aiil ucciaegoBaHsa

VccnemoBanye BBINIOJIHEHO B OM3aliHe «Cydali-
KOHTpOJIb» Ha BbIOOpKe 13 500 GombHBIX OA KO-
JIEHHOTO cycTaBa. «[pymma ciaydaeB» — GOJIbHbBIE
¢ III-IV peHTreHOJOrMUYECKUMM CTamusMu 3abose-
BaHus 1o Kellgren-Lawrence, «rpyIimna KOHTPOJSI»
(MHAVBUIYYMBI, HE UMeEIOIIMe aHAIU3UPYEMOTO TIPU-
3Haka — III-1V craguit 3a601eBaHKs) — MaIMEeHThI CO
II crammeit 3aboneBaHus. BoibopKa [jis uccaeqoBa-
Hus Obl1a chopMMpoBaHa B mepuo ¢ dpeBpaist 2016 T.
1o mekabpb 2018 1.

Kpumepuu exnwouenus: 1) pycckasi HalMOHamb-
HOCTb, TEPPUTOPUSI POXKIEHUSI U TPOKMUBAHUSI —
LlenTpanbHoe YepHosembe Poccum; 2) BO3pacT OT
40 neT; 3) AMAarHOCTUPOBAHHbBIV MepBUUHBI OA KO-
nenHoro cycrasa I[I-1V craguii mo Kellgren — Lawrence;
4) "Haymmume OGoseBoro cuHApoMa 1o BAIIl 6omee
40 6a10B; 5) HaMMuMe JO6GPOBOIBLHOTO MHMDOPMUPO-
BAHHOTO COTJIACHUS HAa UCCIefOBaHMe.

Kpumepuu ucknwuenus: 1) He pycckasi Haiuo-
HAJIbHOCTh, TMPOXMBAHME W/UIAM POXIEHUEe BHe
LlenTpanbHO-UepHO3eMHOTO pernoHa Poccuu; 2) Ha-
Juume TsKeNbIx GopM apTepuaibHOM TUIlepTeH3uH,
UIIeMMUYEeCKoli O0Ie3HN cepplia, caXapHoro auabera,
TOYEYHO-TIeYeHOYHO HEeJ0CTaTOYHOCTH, OHKOJIO0-
TMYeCcKuX 3a00/IeBaHMil, CUCTEMHBIX 3a00eBaHMit
COeAVMHUTENIbHON TKaHU, TPABM CYCTaBOB B aHaMHe-
3e, BOCIAJMUTEIbHbIX 3a00/IeBaHMiI CyCTaBOB, BPOXK-
IEeHHBIX TIOPOKOB Pas3sBUTHUSI OMOPHO-IABUTATEIbHOI
CUCTEMBbI; 3) OTKa3 OT Y4acTUsI B UCCTeOBAHUNA.

V Bcex G0JIbHBIX, BKIIOUEHHBIX B MCC/IeJOBaHNe,
OBLT OMarHOCTUPOBAH MepBUYHBIE OA KOJIEHHOTO
CycTaBa Ha OCHOBE KJIMHMYECKOTO OCMOTpa, Jabo-
paTOPHOTO M PEHTreHOJIOTUYECKOTO MCCAeTOBaAHUIA
cornacHo ®PenepasbHbIM KIMHUUYECKUM PEKOMEH-
JauusIM MO0 OMAarHOCTUKE U JIEYeHUI0 OCTe0apTpo-
3a [15]. V 175 (39,0%) 60mbHBIX OblIa YCTAHOBIEHA
IT pentreHonoruveckas craausi OA KOI€HHOTO CyC-
taBa no mkane Kellgren-Lawrence, y 230 (46,0%)
nauyeHToB — III cragus, y 95 (19,0%) 60nbHBIX —
IV ctapus 3aboseBaHusl.

Iyist uccnemoBaHMs accoluaiuii moaMmMophHBIX
MapKepoB reHOB-KaHAUAATOB C TIPOrpecCUMpoBaHMEM
OA KOJIeHHOTO CyCTaBa M3y4yaeMasi BhIOOpKa MallyieH-
TOB Gbl/Ia pa3geieHa Ha JIBe IPyIIbL. [lepBas rpymmna
manyeHToB (n = 325) mpemcraBisiia coboii o6bemu-
HEHHYIO BBIOGOPKY 60/bHBIX ¢ III u IV peHTreHoNOrN-
YeCKMMM CTAAUSIMU, BO BTOPYIO rpynmy (n = 175) 6b11m
BK/TIOUEHbI 60JIbHbBIE C II peHTreHOMTOTMYEeCKOii CTaau-
eit. O6benyHeHMe TPYII mauyeHToB ¢ [II-IV cragusamu
3a60/1eBaHMSI GBIJIO BBHITIOTHEHO C IIE/ThI0 TTOBBIIIEHMS
MOITHOCTY TPOBOAMMOTO aHA/IM3a aCCOLMALIIA.
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B xkauectBe 06BbEKTa TeHETUMYECKOTO MCCIEI0Ba-
HUS1 ucronb3oBanach reHomHasi [IHK, BbimeneHHast
u3 nepudepruyeckoil BEHO3HOM KPOBM MeTOmOM (de-
HOJI-XJIOPOQOPMHOJ  9KcTpakiuu. IlonumopdHbie
MapKepbl TeHOB-KaHAVAATOB ObLIM OTOOPAHbI IS UC-
CJIefOBaHUsI Ha OCHOBaHUM CJeOyIOIINX KpPUTepUeB:
1) Haymmmume acconmanuii ¢ OA Mo JaHHBIM paHee IpPo-
BeIEHHbIX ITOJTHOT€HOMHBIX ucciaegoBauuii (GWAS)
B eBpomeiickux nomymsiuusax [16, 17, 18, 19, 20];
2) BbIpakeHHOe (QYHKUMOHAJIbHOE 3HAYeHMe TIONN-
Mopdu3Ma (peryasiTOpHBIN IMOTEHIMAN, CBSI3b C IKC-
Ipeccuent, albTePHAaTUBHBIM CIUIaiCMHIOM IreHOB [21])
cornacHo oHsaiiH pecypcam GTEx Portal* u HaploReg
(v4.1)**; 3) yacrora rmonumopdusMa He MeHee 5%.

B cooTBeTCTBMM C OAHHBIMU KPUTEPUSMU B UC-
clemoBaHyMe ObUIM BKIIOUEHBbI IATh SNPs uyeTbhIpex
reHoB-KaHAMUAATOB: 1s2820436 n rs2820443 LYPLALI,
rs3771501 TGFA, rs11177 GNL3, rs6976 GLT8DI. Bce
MOAMMOPQHBIE JIOKYChI acCOUMMpoBaHbl ¢ OA 110 JaH-
HeIM GWAS B eBponeiickux nomnyasuusx [16, 17, 18,
19, 20], uMeroT BBIPAXKEHHBIN PEryasTOPHbIN MOTEeH-
uyan (rs2820443, rs3771501, rs11177 pacrnonaoskeHbl
B 3BOMIOLIMOHHO-KOHCEpBAaTMBHOM pernoHe [JHK;
r$2820443,1s11177,1rs6976 HaxXOOsITCS B peTMOHE CBSI-
3BIBAHMUSI C PETY/ISITOPHBIMYM O€JTKAMM U B yUaCTKAaX I0-
BBIIIEHHOM 4yBCTBUTENbHOCTU K [IHKase; rs2820443,
rs11177 moxanmu3yioTcss B 06J1aCTU TUCTOHOBBIX Oejl-
KOB, MapKMPYWOUIUX IPOMOTOPBI; BCe MATb SNPs
pacmnoyiokeHbl B perMoHe TMCTOHOB, MapKUPYIOIINX
9HxaHcepbl). CTOUT OTMETUTD, YTO CUJIBHO CLEIJIeH-
Hbie SNPs (r?>0,8) ¢ u3yyaeMbIMM MMOIAUMOPPHBIMU
JIOKyCaMM TakXe JeMOHCTPUPYIOT 3HauMMble 3IU-
reHetudeckue 3¢pdekTol. Bce maTb SNPS u cuiib-
HO cuernyeHHble ¢ HUMM SNPs uMMeroT accouymaum
C YPOBHEM 3KCIIPECCUM U aJbTEePHATUBHOTO CILIaii-
CMHTa TeHOB B IaTOT€HEeTMUEeCKM 3HaUYMMbBIX MOJIsi
pa3Butus OA KyJabTypaxX KJIETOK, TKaHSIX M OpraHax
(IuMTOBUIHAS Keje3a, Ooblie6epIioBble apTepuUn
U HEpBbI, CKeJIeTHAs MYCKy/aaTypa, XMpoBas TKaHb,
pubpobaacTel u mOp.). YacTOThl MMUHOPHBIX aie-
JIeii UCCIenyeMbIX MOIMMOP(HBIX MapKepOB IreHOB-
KaHIMUIATOB cOCTaBuIM 6omee 5%.

O6pasusr JHK 6bU1M FeHOTUIMPOBAHbI HA aMILIN-
¢ukartope Real-Time CFX96 (CIIIA) meTogom TagMan
30HZ0B.

CraTuCcTHUYECKNI aHaIN3

PacripeneneHne aHanM3MpyeMbIX KOIUYECTBEH-
HBIX MOKasaTenaeii (Bo3dpacT, pocT, UMT), olleHeH-
Hoe c nmomouipo Kputepus llanupo-Yuiaka, He CO-
OTBETCTBYET 3aKOHY HOPMAaJIbHOTO pacIpeneieHus
(p<0,05). [Ins ux OmMCaHUS MPUMEHSUIM MeOuaHy
(Me) 1 MHTepKBapTU/IbHbINM pasmax (Q25-Q75), Mak-
cumanbHoe (Max) u muHMManbHOe (Min) 3HaYeHMs,
a TaKKe PaCcCUUTHIBAIU CpefHee 3HAUEHME U CTaH-

* http://www.gtexportal.org/

OapTHoe OTK/IOHeHue M(o). s KaueCTBEHHBIX I10-
KasaTeseii B M3yUYeHHbIX TPYIIaxX OMpPemeasiu UX
abCOoMIOTHBIE 3HAUEHMS U MPOIEHTHI. [IJIs1 cCpaBHEHMS
KOJINYECTBEHHBIX ITOKA3aTeNei MPUMEHSIV KPUTEPUIA
ManHa - YUTHM, /11 KAUeCTBEHHBIX MTPU3HAKOB — 2.
CraTUCTUYEeCKM 3HAUMMbIM CUMUTAIM Pe3yabTaT Mpu
p<0,05.

[TpoBommwIn OlLIEHKY HaOGII0IaeMOro pacrpeqe-
JIeHus1 TeHOTUNOB mjs nsaTu SNPs, BKIIOUeHHBIX
B MCC/IelOBaHME, M €ro COOTBETCTBUE OXUAAeMO-
MY pacripefleleH1I0 COIJIaCHO 3akKOHY paBHOBeCUS
Xapau-BaitH6epra (OTKJIOHEHMSI TMPUHUMAINCh 3a
CTaTMCTUYECKM 3HaUMMBble Ipu p,,, . < 0,05). ITpu cpaB-
HUTEJIbHOM aHajau3e 4acToT ajviesieil U TeHOTUIIOB
MeXKIy ABYyMs Ipymnamu 601bHbIX OA KOJIEHHOTO CyC-
TaBa MPMMEeHSIY KpUTepuii 2 ¢ monpasKoii Merca Ha
HEMPepPbIBHOCTD, VCIIOIb30BAIN TaOIMUITHI COTTPSIKEH-
HOCTY 2x2.Bce BbIUuMCIeHMS BITTOTHSIINCD B TPOrpam-
me STATISTICA for Windows 10.0. 3a craTucTuiecku
3HAUMMBIi ypoBeHb mpuHuMamu p<0,05. V3yueHue
acconManmii MCCIeqyeMbIX IOMMMOP(HBIX JIOKYCOB
¢ niporpeccupoBanreM OA KOJEHHOIO CycCTaBa IpoO-
BOAUAM C MUCIOAb30BaHMEM MeETOAA JIOTUCTUUECKOI
perpeccuu (pacCMaTpuUBalM UeThbIpe TeHeTUuyecKue
MoOJlenu: ajuiefibHasi, aJJUTUBHAs, pelleCCMBHAas U
IOMMHAHTHAas) C IToMpaBKaMy Ha KoBapuaTbl — BO3-
pact, UMT B mporpamme PLINK v. 2.050. 111 OLieHKM!
accommanmii moaMMop@HbIX MapKepOB reHOB-KaHIM-
JIaTOB C IPOTpeccupoBaHMEeM 3a00eBaHMUS VICIIOb-
30Bau oTHomeHue mancoB (OII) u 95% OU (95%
moBeputenbHbI MHTepBaa ajs OI). [IpoBogmiack
KOppeKIMsl HA MHOXKeCTBEHHbIe CPaBHEHMS C UCIIO/b-
30BaHMEM MePMYyTalMOHHBIX TPOLeAYp. 3a CTaTUCTHU-
YeCKy 3HaUMMBbIi1 YPOBEHb IIPUHMUMAN pperm<0,05.

V3yueHnue HepaBHOBECUS MO CLEIVIEHUIO MEX-
oy psapgom pacronokeHHbIMu SNPS, pacueT 4yacToT
rarJIoOTUIIOB M aHaAM3 MX accoluaumit ¢ mporpec-
cupoBanueM OA KOJIEHHOTO CyCTaBa MPOBOAUINU
B nporpamMme PLINK v. 2.050. BiouHas cTpykTypa
ompepnensiaach rmocpencrsoMm aaroputma Confidence
intervals (r?>0,2) [22]. YacTOTBI TaryIOTUIIOB OIIpee-
JISLIUCh ¢ oMonibio EM-anroputma. O1leHKy Xapak-
Tepa accolualyuy raraoTUIIOB C IPOrPeccCUpOBaHU-
eM 3a60yieBaHMS OCYIIECTBIISUIA C MCIIOTb30BaHMEM
nokasaresnst Oll. B ucciemoBaHue BKJIIOYAJIUCh KO-
BapuarThl (Bo3dpact, UMT, pacrpeneneHue 1o IMoiny),
MPOBOAMIACh KOPPEKLMs Ha MHOXeCTBEHHbIE CPaB-
HEHMS IPpU MMOMOIIY MEepMYTaLMOHHOTO Tecta [23].
3a CTaTUCTUYECKM 3HAUMMBI YPOBEHb IMPUHUMAIA
D pern<0,05.

PE3VJIbTATbBI

Mepnuko-6monornuyeckue ¥  KIMHUKO-aHAMHe-
CTUYECKME XapaKTEPUCTUKM IAIMEHTOB M3yuyaeMbIX
TPYIII TIpeACTaB/IeHbl B Tabuie 1.

** http://archive.broadinstitute.org/mammals/haploreg/haploreg.php
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Tabnuya 1
XapakTepucTuKka NauyeHTOB UccaegyeMbIX Pyl
) O —— BonbHbIE Oé III-1V cragun BonbHbie _OA II cragun p
(n=325) (n=175)

My>KUMHBI/SKEHIUHBL, N (%) 133/192 (40,92/59,08) 75/100 (42,86/57,14) 0,75
Cpenuwmit Bospacr, iet | Me (Q25-Q75) 59,0 (57,0-62,0) 52,0 (49,0-54,0)

Min/Max 40,0/75,0 41,0/61,0 <0,001

M (o) 59,71 (6,27) 51,53 (4,31)
Poct, cm Me (Q25-Q75) 169,0 (163,0-175,0) 169,0 (163,0-176,0)

Min/Max 149,0/191,0 157,0/193,0 0,34

M (o) 168,94 (7,89) 169,68 (7,85)
VMT, xr/m? Me (Q25-Q75) 31,60 (28,39-35,99) 30,48 (27,29-34,31)

Min/Max 20,20/48,28 21,22/46,06 0,01

M (o) 32,39 (5,49) 31,06 (4,69)

Conymcmeytowas namosnozust, n (%)

CepredHO-cocynycTas cucTeMa 123 (37,84) 61 (34,85) 0,57
[MuimeBapuTenbHas cucreMa 39 (12,00) 21 (12,00) 1
Moueronosas cucTemMa 23 (7,08) 6 (3,43) 0,14
LleHTpanbHast HepBHAs cUCTeMa 37(11,38) 15 (8,57) 0,41
DHIOKPUHHBIE OPraHbl 35 (10,77) 16 (9,14) 0,66
IlpIxaTenbHas cucTeMa 42 (11,20) 17 (9,71) 0,36
IMpoune 22 (6,77) 7 (4,00) 0,29

)KI/IprIM H.IpI/I(bTOM BbIe€JIEHBI CTATUCTUYECKM 3HAUYMMBbI€ 3HAaUYEeHMS.

ChopmMmupoBaHHbIE TPYIITEI OOJbHBIX HE OTIMYA-
JIUCh TI0 POCTY U HAJIMYUIO COTTYTCTBYIOIIEN COMATH-
yeckoii narojaoruu (p>0,05). OmHAKO B 0ObeIVTHEHHO
BbIOOpKe GonbHBIX C III-IV cragusvyu Habaomancs
CTAaTUCTUYECKM 3HAUMMO Oojiee BBICOKMII ITOKa3a-
Tenb MHOekca maccel Tena (MMT) mo cpaBHEHMIO
C TPYMNIION MalMeHTOB, UMelIuX Il peHTreHoa0rn-
YeCKyI0 CTaAMI0, TAKKe JaHHbIe TPYIIThI IAallIeHTOB
OTJINYAJINCH 11O Bo3pacty (p<0,05).

[MonynsiMOHHO-TeHeTUYeCKMUI aHalIu3 IoKasall,
YTO JJISI BCEX PACCMaTPUBAEMBbIX IMOIMMOP(HBIX JIO0-
KyCOB TeHOB-KaHAMUAATOB (rs2820436 u rs2820443
LYPLALI, rs3771501 TGFA, rs11177 GNL3, rs6976
GLT8D1) B rpymnme 6ombHbIX c II cramueit m 06b-
eIVHEeHHOI rpyrme nauueHToB ¢ III-IV cragusvmun
HabmomaeMoe pacrpeae/ieHie TeHOTUIIOB COOTBET-
CTBOBAJIO OXMIAeMOMY COIVIACHO 3aKOHY PaBHOBe-
cus Xapay - Barinbepra (p,,,, >0,05).

CpaBHMTE/IbHBIN aHAMN3 4YacTOT aliejiell U re-
HOTUIIOB M3y4aeMbIX TMOAMMOPGHBIX MapKepoB re-
HOB-KaHAMOATOB II0Ka3aj, YTO Cpeay OOJbHBIX
¢ III-IV cragusmu 4YacTOTa asjIeIbHOTO BapuaHTa
A 152820436 cTaTUCTMUYECKM 3HAUMMO OOJIbIlIe, 4eM
B IpyIire 60bHbIX ¢ [T craguei 3aboneBanus (p=0,013).
Taxke YCTaHOBJEHO, YTO BCTPEYAEMOCTb T€HOTUIIA
A/A 152820436 B rpymme 60mbHbIX ¢ III-IV cragus-
MM B 2,38 pasa 6osnbiie 1 yacrora reHoruna C/C aro-
ro ke JIoKyca B 1,21 pa3a MeHbllle, YeM Cpeay MHany-
eHntoB ¢ II cragueit OA koneHHoro cycrasa (p<0,05).
CratucTuiecku 3HauMMble pasanyus o YacToTe reHo-
Ttuma A/G BbISIBJIEHBI 117151 TOKyca rs3771501 reHa TGFA:
BCTPEYaeMOCTb AAHHOTO T'eHOTUIIA B OOBbeAVHEHHOM
rpyrre 60ybHbIX ¢ [II-1V cragussMu 6bUTa MeHbIIe, YeM
cpeay nanyueHToB c II cragueit, B 1,22 pasa (p = 0,042).

[MomyvyeHHble B paMKax YeTbIpeX TeHeTUYeCKUX
Mogeneil TokasaTean accoumanyy musydaeMbix SNPs
¢ mporpeccupoBanuem OA mpefcTaBieHbl B TAOIUIIE 2.
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Tabnauya 2
YacToTsl ajijieNneit ¥ TeHOTUIIOB IMOJIMMOP(QHBIX IOKYCOB reHOB-KaHAMIATOB
B UCC/IelyeMbIX IpyIax 00JIbHbIX
=
o
_E_ Bonbubie OA Bonbubie OA
s Annenb, reHOTUII III-1V cramuit II cragun OII (95% 1) D
§ n (%) n (%)
=
3
=
C 447 (68,98) 267 (76,72) 0,68 (0,50-0,92)
0,013
A 201 (31,02) 81 (23,28) 1,48 (1,09-2,02)
A/A 31 (9,57) 7 (4,02) 2,53 (1,03-6,44) | 0,041
A/C 139 (42,90) 67 (38,51) 1,20 (0,81-1,78) 0,394
§ c/C 154 (47,53) 100 (57,47) 0,67 (0,45-0,99) | 0,043
=)
& | H/H, 0y 0,429/0,428 0,385/0,357 - -
] (1,000) (0,397)
MuHOpHBII anenb A (MoJenb anjiebHast) - - 1,48 (1,10-2,00) 0,010
A/Avs. A/Cvs. C/C (Mmopenb agaqUTUBHAS) - - 1,58 (1,12-2,23) 0,009
C/Cvs.A/C + A/A (Mozmenb JOMMHAHTHAs) - - 1,61 (1,06-2,44) 0,024
A/C + C/Cvs. A/A (Mopenb perjecCuBHas) - - 2,50 (0,99-6,26) | 0,052
T 466 (71,69) 266 (76,00) 0,80 (0,59-1,09)
0,164
C 184 (28,31) 84 (24,00) 1,25 (0,92-1,71)
Cc/C 27 (8,30) 13 (7,43) 1,13 (0,54-2,38) 0,864
C/T 130 (40,00) 58 (33,14) 1,35 (0,90-2,01) 0,158
g T/T 168 (51,70) 104 (59,43) 0,73 (0,50-1,08) 0,118
[}
& | H/H, 0y 0,400/0,406 0,331/0,365 - -
» (0,785) (0,218)
MuHopHbIi anens C (MoJenb anjienbHast) - - 1,25 (0,93-1,68) 0,142
C/Cvs. C/Tvs. T/T (Mmomenb aAaUTUBHAs) - - 1,37 (0,98-1,09) 0,064
T/T vs. C/C + C/T (Momenb JOMMHAHTHAas) - - 1,54 (1,01-2,33) 0,043
C/T + T/T vs. C/C (Mmomenb pereccuBHast) - - 1,28 (0,59-2,81) | 0,533
G 367 (56,46) 199 (57,18) 0,97 (0,74-1,27)
0,880
A 283 (43,54) 149 (42,82) 1,03 (0,79-1,35)
A/A 69 (21,23) 27(15,52) 1,47 (0,88-2,47) 0,155
A/G 145 (44,62) 95 (54,59) 0,67 (0,46-0,99) | 0,042
S |GG 111 (34,15) 52 (29,89) 1,22 (0,80-1,85) 0,386
wm
E H/H, (05 0,446/0,492 0,546/0,490 - -
A (0,092) (0,164)
—
MwuHOpHBII annens A (MOJenb anienbHast) - - 1,03 (0,79-1,34) 0,826
A/A vs. A/G vs. G/G (Monenb agguTUBHAS) - - 0,95 (0,71-1,28) 0,749
G/Gvs. A/A+ A/G (Mogenb JOMMHAHTHAS) - - 0,73 (0,47-1,13) 0,160
A/G + G/G vs. A/A (Mmopenb peLiecCUBHasI) - - 1,37 (0,79-2,36) 0,258
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OxoHuaHue mabauyst 2

=

o

—E- BonpHble OA BonpHble OA

) AJlyienb, reHOTUIT III-1IV crapgwnit II crapuu Ol (95% o) p

= n (%) n (%)

=

3

=
G 375 (57,69) 189 (54,00) 1,16 (0,89-1,52) 0.292
A 275 (42,31) 161 (46,00) 0,86 (0,66-1,13) ’
A/A 61 (18,77) 36 (20,57) 0,89 (0,55-1,45) 0,713
A/G 153 (47,08) 89 (50,86) 0,86 (0,59-1,26) 0,476

= | G/G 111 (34,15) 50 (28,57) 1,30 (0,85-1,97) 0,241

= |H/M, 0, 0,471/0,488 0,509/0,497 - -

Z (0,570) (0,879)
MwuHoOpHBI annens A (MOJenb anyiebHast) - - 0,86 (0,66-1,12) 0,261
A/A vs. A/G vs. G/G (Momenb agaUTUBHAS) - - 0,83 (0,62-1,12) 0,226
G/Gvs. A/A+ A/G (Mozenb OMMHAHTHAS) - - 0,72 (0,46-1,12) 0,147
A/G + G/G vs. A/A (Mmogenb perieccuBHast) - - 0,89 (0,53-1,43) 0,655
C 262 (57,28) 187 (54,68) 0,80 (0,61-1,07) 0.154
T 270 (42,72) 155 (45,32) 1,24 (0,94-1,65) ’
T/T 62 (19,62) 35 (20,47) 0,95 (0,58-1,55) 0,918
C/T 146 (46,20) 85 (49,71) 0,87 (0,59-1,28) 0,520

o c/C 108 (34,18) 51(29,82) 1,22 (0,80-1,86) 0,382

% H/H, (0 0,462/0,489 0,497/0,496 - -

= (0,357) (1,000)
MwuHopHbIi aniens T (Mogens ajinenbHast) - - 0,90 (0,69-1,17) 0,435
T/T vs. C/T vs. C/C (Mopenb aggUuTUBHAS) - - 0,88 (0,65-1,19) 0,401
C/Cvs. T/T + C/T (Momenb JOMMHAHTHAS) - - 0,76 (0,48-1,21) 0,247
C/T + C/C vs. T/T (Mmogens perjeccMBHas) - - 0,96 (0,57-1,63) 0,888

H/H, — nabmopaemas/oxXujgaemas TIeTepPO3SUTOTHOCTb; Py, — YPOBEHb 3HAUMMOCTM OTKIOHEHMSI OT 3aKOHa

Xapau —Baitu6epra. JKupHbIM HIpUQTOM BbIIEIeHbI CTATUCTUYECKYM 3HAUMMbIE 3HAUEHMS.

B pamkax asnjenpbHON reHeTU4eCKol MOMAenIu BbI-
SIBJIEHO, UTO YaCTOTa MMHOPHOTrO ajens A rs2820436
B rpytiie 60bHBIX ¢ [II-IV cTagysiMu CTaTUCTUYECKN
3HAUMMO BbIlIe, 4yeM B I'pyIine nauneHTos ¢ II cramgu-
et (p = 0,010; Dperm = 0,012). 3HaunMbie accouyanum
¢ nporpeccupoBanremM OA KOJIEHHOTO CyCTaBa yCTa-
HOBJIeHbI 111 ayuiens A r1s2820436 rena LYPLALI Takke
cornacHo agauTuBHOM (p = 0,009; Dperm™ 0,010) 1 gomu-
HaHTHOI (p = 0,024; Dperm = 0,030) reHeTMYECKUM MO-
genssm. CTOUT OTMETUTh, YTO B PaMKaX JOMMWHAHTHO
reHeTUYeCKOI MOJIesM YyCTAaHOBJIeHa CBSI3b aJIJIeTTIbHOTO
BapuaHTa C rs2820443 rena LYPLALI ¢ miporpeccupo-
BaHueM 3aboneBanus (p = 0,043), ogHaKO IMpU IMPO-
BeIEeHUNM TePMyTAlMOHHBIX TMPOLENYDP BbISIBIIEHHBIN
YPOBEHb accoluaIuii He TOCTUT CTaTUCTUYECKM 3Ha-
yumoro (p___=0,076).

perm

YcTaHOBIEHO HEpaBHOBeCHeE T10 CIeIJIEHNI0 MexK-
oy mapamu SNPs, pacnonokeHHbBIMM Ha OFHON XpO-
mocome: 152820436-rs2820443 (12 = 0,47) u rs11177
n 1s6976 (> = 0,93). 3tu mapbl SNPs 06pasyioT co-
OTBETCTBEHHO JiBa rarvio6noka — H1 u H2. ITosTomy
Ha CJIeqyoneM sTare paboThl MPOBEIEHO U3yUeHUE
accolalmii raryioTUIIOB ABYX YCTAHOBJIEHHbBIX HAMU
rarmjao6/I0KOB MOAMMOPGHBIX MapKepoB TeHOB-KaH-
IunaToB ¢ nmporpeccupoBaHneM OA KOJIEHHOTO CyC-
TaBa (Tab6ja. 3). BbIIBIEHO, UTO YaCcTOTA TaryIOTUIIA
AC rario6noka H1 B rpymme 6ompHbIX ¢ III-IV cTa-
IVSMM 3a00/1eBaHMs CTATUCTMUECKM 3HAUMMO B 1,49
pasa Bbllle, yeM y nanueHTos c I cragueit (p = 0,002;
Dperm = 0,002). ITo rammo6moky H2 3HaUMMBIX accolya-
uuii ¢ mporpeccupoBannem OA KOJIEHHOTO CyCTaBa He
06HapyKEHO.
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Tabnuya 3
YacToThI ralyIOTUIIOB MOJIMMOP(HBIX JIOKYCOB reHOB-KaHIM/IATOB
B UCC/IelyeMbIX IpyIax 00JIbHbIX
6 YacroTa rariotura
larno6mok
(xpoMmocoMa) Tommvopusmet Tanzoryn Bonbhable OA BonpHble OA ot b
III-1V craguit (n=325) | Il cragun (n = 175)
AC 0,240 0,161 1,83 | 0,002
H1 cC 0,041 0,078 0,59 | 0,094
1 1s2820436-152820443
(1-s1 xpomocoma) AT 0,071 0,072 0,89 | 0,684
CT 0,649 0,690 0,77 | 0,109
AT 0,413 0,450 0,85 | 0,284
HO GT 0,014 0,003 2,06 | 0,342
11177-rs6976
(3- XxpoMOCoMa) s s AC 0,008 0,015 0,43 | 0,118
GC 0,565 0,532 1,21 | 0,214

)KI/[prIM U.[pI/ICl)TOM BbI€JIEHBI CTATUCTUYECKU 3HAUYMMbI€ 3HAUYEHN.

OBCY>XIOEHUE

B Hacrosiiiem uccieqoBaHMM YCTAaHOBJEHBI ac-
conyanuy MOIMMOPGHBIX MapKepOB TeHOB-KaHIM-
nmaToB (rs2820436 u rs2820443 LYPLALI, rs3771501
TGFA) ¢ nporpeccupoBanneM OA KOTEHHOTO CyCcTaBa
y HaceneHusa lleHTpanbHO-UepHO3eMHOIO permoHa
Poccun. Hamu BbISIBJIEHO, UTO ajlie/ibHbBIN BapMaHT A
rs2820436 reHa LYPLALI siByisieTCsSI pUCKOBBIM B IIPO-
rpeccupoBanuu 3aboneauust (OII = 1,48-1,61), kak
u redotun A/A ganHoro noaumopdusma (OII = 2,53).
Opnako reHotun C/C rs2820436 umeeT MPOTEKTUB-
HYI0 HalpaBJIeHHOCTh B IporpeccupoBanun OA Ko-
nenHoro cycraBa (OII = 0,67). ITomyueHHble Hamwu
pe3yabTaThl COIIACYIOTCS C TUTePATypPHBIMMU JAHHBI-
MM 110 3TO0¥ mpo6iieme. CornacHo pesynbratam GWAS
MCC/IelOBaHMsI, BHITIOTHEHHOTO Ha eBpoIieifiax, Impo-
TUBONONOXKHBIN annenb C rs2820436 rena LYPLALI
orpejensieT MPOTEeKTUBHYI0 HAlpaBAeHHOCTh B pas3-
putuu OA (OII = 0,93; p = 2,01x10%) [18]. B GWAS
uccmenoBanum U. Styrkarsdottir ¢ coaBTopamu Takske
roKasaHo, yTo auienb C moaMMopdHOro Mapkepa
rs2820436 cBsI3aH C HU3KMM PUCKOM PasBUTUS KOKC-
aptpo3a y eBponeiities (Ol = 0,93; p = 9,4x10%)
[17], mpu 3TOM ¢ TOHAPTPO30M accoLMaluii HA MOJ-
HOTEHOMHOM YypOBHe He ycraHoieHO (OII = 0,96;
p=1,1x10").

CTOUT OTMETUTD, UTO MMEETCS PSIA MCCAeIOBaHMIA,
KOTOpPbIE NE€MOHCTPUPYIOT CBsI3b 152820436 ¢ mpu-
3HaKaM#, UMMM 3HAUMMYI0 POJib B ITaTOreHe3e
OA (uampumep, VUMT). B TpaHCITHMUYECKOM MeTa-
aHanuse J. Gong ¢ coaBTOpaMu (M3y4ueHa BbIGOpKa U3
adpoamepuKaHIEeB, JTaTMHOAMEPMKAHIIEB, a3MaTOB,
KOpEeHHbIX aMepUuKaHIleB M aMepUuKaHIleB eBporeo-
MUIHOTO TIPOMCXOKIEHMsI) BbISIBJieHAa CBSI3b aJljiefib-
Horo BapuaHTa A rs2820436 ¢ UMT, npuyem JaHHBII
aytens onpenensier noBbimeHHsit UMT (B = 0,0049;

p=73,79x10%) [24]. 3BecTHO, UTO MOBbIIIeHHbI/t UMT
U OKMpEHMeE SIBJISIIOTCS BeoyImyMy GakTopaMy pucKa
pasBuTust u nporpeccupoBanust OA [7, 25, 26]. B pa-
6ore L. Fernandez-Rhodes ¢ coaBTopamu Ha BhIGOpKe
u3 6onee uem 102 000 B3poCIbIX appUKaHIEB, TaTU-
HOaMepHMKaHIleB, a3MaTOB M eBpoIeiileB, HaIpo-
TUB, YCTAHOBJIeHA accouuanms annens A rs2820436
c 6omee Huskum VUMT (OIII = 0,50; p = 3,2x1078) [27].
B nccnemoBanuu V. Lundbéck ¢ coaBTopamu [28] mmo-
KaszaHa CBsI3b 3kcnpeccuu rs2820436 rena LYPLALI
B kupoBoit Tkauu ¢ UMT (p = 1,2x10%) ¢ ypoBHEeM
6a3anbHOro Jaumnoausa (p = 0,026).

Menuko-6MOoIOTNYEeCKOI  OCHOBOI  BBISIBJIEH-
HBIX aCcCOIMaINuii MOTYT ObITh BbIpaskeHHbIE (PYHK-
unoHanbHble 3¢ dekTh 12820436 rena LYPLALI.
C momompio oOHIaliH-pecypca HaploReg (v.4.1)
YCTAHOBJIEHO, UTO AAHHBIV MOAUMMOPQHbBII MapKep
pacnonoxkeH B o6mactu JHK, cBSI3aHHOI C TUCTO-
HOBbIMU Oenkamy H3K4mel, MapKupyOMyuMyu He-
aKTUBHbIE SHXaHCepbl B XOHIpoLUTax, pubpoba-
CTaxX, OCTeob6yacTax, >XMPOBOW TKaHM, HAXOIUTCS
B permoHe ructoHa H3K27ac, mapkupymoiero ak-
TUBHBIE 9HXaHCepbl B IMMQ06acTaX, XOHAPOIUTAX,
a Takke B o6Omactu rucroHa H3K9ac, ompenensio-
Iero akKTUBHbIE TTPOMOTOPHI B KMPOBOIt TKaHMU, pe-
rMOHe Tpex peryasaTopHbix MOTUBOB IHK. Taxske
¢ npumeHeHmeM omaiH-niporpammbl GTEx Portal
BBISIBJIEHO, UTO aynenb A rs2820436 cBsi3aH C BbICO-
KOV 3Kcmpeccuelt reHa RP11-392017.1 B XupoBoOii
TKauu (p = 1,9x107°) 1 HM3KOIM IKCIIpeccueil 3TOro
Ke TeHa B HajmoueuHuKax (p = 4,0x10°%), onpenensi-
eT MMOHV)XeHHBI! YPOBEHb aJbTEPHATUBHOTO CILIali-
CUHTa TpaHcKpuiita reHa RP11-392017.1 B XupoBoii
TKaHu (p = 4,8x102).

AnnenbHblit BapuaHT C rs2820443 rena LYPLALI,
KOTODbIH, COIIaCHO HAIlllMM [JaHHBIM, B COCTaBe Ta-
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wiotuna AC rarutoboka rs2820436-rs2820443 rena
LYPLALI sBnsietcsl (haKTOPOM pPUCKA IMPOrPeccupo-
BaHMs1 OA KOJIEHHOTO CyCTaBa y HaCceJIeHs eBporei-
ckoit yactu Poccun, B GWAS uccieqoBaHumu umeeT
puckoBoe 3HadyeHue s pas3Butusi OA KOJIEHHOTO
U/uu  Ta3o06egpeHHOT0 CycTaBa Y €BPOIIeiileB
(Ol = 1,06; p = 6x10'%) [19]. CTOUT OTMETUTH, UTO
B KaTasiore GWAS mpezncraB/ieHbl UCCIeO0BaHMS, Oe-
MOHCTpPUpYIOI[Me HA TOJHOTEHOMHOM YPOBHE CB$I3b
rs2820443 rena LYPLALI c nmaTOreHeTU4YeCKU 3HAUM-
mbiMu A1 OA KOJIEHHOTO CyCcTaBa mpu3Hakamu (pac-
npefeneHye abmOMMHAIBLHOIO >XMPA, OKPYKHOCTb
6enpa). CornacHo manHbIM GWAS, anens C rs2820436
CBSI3aH ¢ 6oj1ee BBICOKMM KO3(DGUIIMEHTOM pacipee-
JieHus1 abIOMIMHANIBHOM JKUPOBOJ TKAaHU B OpraHu3Me
(B=0,025; p = 8x10% gys eBpomeitieB) [29] v 6obiIeH
OKPY;KHOCTBIO 6empa ¢ rmompaskoit Ha UMT (B = 0,060;
p = 3x10°% gyst eBponerickoii momyssiuyn) [30].

BrisiBieHHble B paMKax Halllero MccaefoBaHUs
accoumauuu rs2820443 rena LYPLALI ¢ mporpec-
cupoBaHeM OA KOJEHHOIrO CycTaBa MOTYT ObITh
00YCJIOBJIEHBI BbIPAKEHHBIMM PETYISITOPHBIMU 3(]-
(exkramu ganHoro SNP coriacHO oHIalH-pecypcam
HaploReg (v.4.1) u GTEx Portal. [TonuMopdH»Ii1 10-
Kyc rs2820443, Haxopsiuuiics Ha paccTostHum 22Kb ot
3’ xoH1la TeHa RP11-95P13.2, pacIioloskeH B 3BOJIIO-
LIMOHHO KOHCEPBAaTMBHOM DeruMoHe, B pPermoHe TU-
CTOHOB, MapKUPYIOUIMX TPOMOTOPBI B XKMPOBOI TKa-
HM ¥ YHXAHCEPBI B 0CTE€006/IaCcTax, MbIIIEYHOI TKAHM,
(pubpobnacrax, B 061aCTU IUIIEPUYBCTBUTEIbHOCTHU
K JJHKase-1, peroHe CBSI3bIBaHMSI C ABYMSI pery-
nsgropHbiMu 6enkamu (STAT3, FOXA1) u pervone 8
peryasaTopHbeix MOTHMBOB [HK. MMHOpHBIN asenb
C rs2820443, KOTOPBIN, COIJTACHO HAIIMM OAaHHBIM,
B cocraBe rariotuna AC ramao6moka rs2820436-
rs2820443 sgBnsercs (HakTOPOM pPUCKa MPOTpPeccu-
poBaHMsI 3a60JieBaHMS, IOBbIIAET ahPUHHOCTD K
TpaHcopmanmonHomy dakropy DBP (pasmuuns
mexkmy LOD scores amneneii C(alt) u T(ref) cocrasis-
o1 11,8) u nmoHmkaetr abh@MUHHOCTb K 7 TPaHCKPUII-
LMOHHBIM ¢akTopam (pasanumst mexxay LOD scores
amneneir C(alt) u T(ref) = -4...-12). [laHHbI} a/JIeNib-
HbI/ BapMaHT CBSI3aH C HMU3KOM 3KCIOpeccuein reHa
RIMKLBP2 B sxupoBoii TRauu (f =-0,17; p = 3,6x10°%)
M HU3KUM YPOBHEM ajbTePHATUBHOIO CIIaliCUMHTa
TpaHCKpunTa reHa RP11-392017.1 B sKupOBOi1 TKaHU
(B=-0,47; p=2,1x101).

Hamu ycranoBieHa cBsi3b reHotuna A/G rs3771501
reHa TGFA c niporpeccupoBanuemM OA KOJIE€HHOTO CyC-
taBa (OIII = 0,67). Accoumanus awtens G rs3771501
reda TGFA ¢ OA Ha GWAS ypoBHe BrepBble ObljIa yCTa-
HoBiieHa E. Zengini ¢ coaBTopaMu B eBpOIECKOIi I10-
myssiuyu [18]. ABTOpamu MOKa3aHO, YTO LAHHbIA ajl-
JIeJIbHBIV BapuaHT 1s3771501 sIB/IsIeTCSI MPOTEKTUBHBIM
akropom pasutus OA (OII = 0,94; p = 1,66x10%).
B GWAS wuccnegoBanum C.G. Boer ¢ coaBTOpammu
ycTaHoBJIeHa cBsi3b 1$3771501 rena TGFA ¢ OA cyc-

TaBOB PYKM y eBpormeiines (p<5,8x10%) [31]. Eme
B 1ByX GWAS nccieqoBaHMsIX BbISIBJE€HBI aCCOLMALINA
ajutenbHOTO BapuaHTa A rs3771501 rena TGFA ¢ OA
B eBporneiickoii nonymsuyy (O = 1,05; p = 4,27x10°16)
[19] n Ha cMemaHHBIX BHIOOPKAX €BPOIIENIleB, a3ua-
TOB, aMepMKaHIIeB €eBPOIENCKOro MPOUCXOKAEHUS
(OIII = 1,04; p = 4,05x10°%%) [20].

ITo maHHBIM 6a3bl TeHETUYECKOJ MHMOpMaLUN
GeneCards, reH TGFA komupyeT ¢GakToOp poOCTa,
SIBJISIIOIIErOCs JIMTAHAOM [JIs1 peliernTopa 3muiep-
MaJabHOTO (haKTopa pOCTa, KOTOPBINi aKTUBUPYET
CUTHAJIbHBINA MYTh OJIs1 ponaudepauuu, nuddepeH-
UVMPOBKU U Pa3BUTUS KIeTOK [32]. 3BecTHO, 4TO
TGFA mopaBiseT aHaboaMYECKME UM CIIOCOOCTBYET
KaTaboMMyeckMM IIpolleccaM B CyCTaBHOM XpSIIe.
TGFA gBnsieTcs MOIIHBIM CTUMYJISITOPOM Aerpaaa-
UMM Xpsillia 3a CUeT aKTUBALUUM CUTHAJIbHBIX ITyTei
Rho/ROCK 1 MEK/ERK [33]. C.T. Appleton c coaBTo-
paMu YCTAaHOBWIIN, UTO MHTMOMPOBaHYE CUTHAILHOTO
iyt TGFA-CCL2 cHMKaeT pUCK MPOTrpecCUMpOBaHMS
SKCIIEPMMEHTAJILHOTO MNocTTpaBMaTuuyeckoro OA
in vivo [34].

IMonumopdHklii Mapkep rs3771501 rena TGFA 06-
JlaflaeT BbIpaKeHHbIMM PEryISITOPHbIMU 3D PeKTaMu:
JIOKaQIM30BaH B (PYHKIMOHATBHO aKTMBHOM pPervoHe
reHoma, B o6acty JJHK, cBSI3aHHOI C IMCTOHOBBIMM
6enkamu (H3K4mel), MapRUPYIOIIMMMU HEAKTUBHBIE
SHXaHCepbl B KJI€TKaxX XOHAPOILIMTOB, TUIIIOKaMIIE,
YepHOiI CcyOCTaHIIMM, BMCOYHOM OOJe MO3ra, KOpe.
C nomoipio oHnaiiH-pecypca GTEx Portal BwisiBiie-
HO, uTO ajutenb G rs3771501 acconmmupoBaH C MOBBI-
IIEHHO1 9KcIpeccyueit reHa TGFA B 60ibllie6epIioBbIX
HepBax (B =0,09; p = 1,6x10°%), B pa3MuHbBIX OTAEIAX
rosioBHOrO Mo3Ta (B =0,21-0,31; p<3,1x10°%),

Takum 006pa3oM, MOJEKYISIPHO-TeHETUYECKMe
Mmapkepbl 1s2820436 u rs2820443 rena LYPLALI,
rs3771501 rena TGFA cBsi3aHbI KaK C PUCKOM pa3s-
Butus OA, 1O JaHHBIM paHee NMPOBEAEHHbBIX MOTHO-
TeHOMHBIX MCCAefOBaHMiA, TaK U, COIJIACHO HallUM
IaHHBIM, acCOLUMMPOBaHbl C TMPOTrPecCUpOBaHMEM
OA KOIEeHHOro cycTraBa y xkuTeneit lLleHTpanbHOro
YepHo3embst Poccun.

3AK/TIOYEHHE

B pamkax HacTosiliero muccjaenoBaHUS YCTaHOB-
JIeHa CBSI3b HOIMMOPQHBIX MapkepoB 1s2820436 u
rs2820443 rena LYPLALI, rs3771501 TGFA c mpo-
rpeccupoBaneM OA KOJIEHHOTO CyCTaBa y Haceje-
Hus LeHnTpanbHoro YepHosembst Poccun. AienbHbIN
BapuaHT A u reHotun A/A rs2820436 rena LYPLALI
(Ol = 1,48-2,53), rammorunn AC ramio6ioka
rs2820436-1rs2820443 (OII = 1,83) siBasiiorcs ¢ak-
TOpaMM pUCKa TIPOrpeccMpoBaHus 3aboyeBaHMs.
Tenorunbr C/C rs2820436 rena LYPLALI (OLI = 0,67)
n A/G rs3771501 rena TGFA (OLI = 0,67) umeloT
MIPOTEKTUBHOE 3HAYeHMe B IporpeccupoBanum OA
KOJIEHHOTO CyCTaBa.
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JOIIOTHUTEJIbHASI NTHO®OPMALIMISI

3asnenenHslii 6Kk1a0 asmopos

Hoeakos B.b. — 0630p myb6iuKaiuii o TemMe CTaThy,
penakTupoBaHue.

Hoeakosa O.H. — c6op u obpaboTka MaTepuasna, 06-
30p My6MMKAaIyit 0 TeMe CTaTbM M HaIMMCaHMe TeKCTa py-
KOMMCHU, ITAlIHOE ¥ 3aKII0UNTETbHOEe pemaKTUPOBAHNE
PYKOIIMCH.

YypHocos M.M. — pa3paboTKa Ou3aiiHa MCCIeI0BaHMs,
craTucTMueckast 06paboTka IMOJyYeHHOTo0 MaTepuasna, aHa-
JIU3 TIOJTyYeHHBIX Pe3yabTaTOB.

Bce aBTOpPBI Mpowin 1 opo6puan GUHATBHYIO BepCUIo
PYKOTIMCH CTaTbU. Bce aBTOPBI COT/IACHBI HECTU OTBETCTBEH-
HOCTb 3a BCe aCIeKThl paboThl, YTOOBI 0OECTIEUNTh Hajle-
skalee pacCCMOTpeEHME U pellleHMe BCeX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO U HAJEXKHOCTBIO JII0607
4acTy paboThl.

Hcmounuk  ¢unaHcupoeanusi.  ABTODPBI  3aSIBIISIIOT
06 OTCYTCTBMM BHeNIHero hMHAHCUPOBAHMS MIPYU MPOBeJe-
HUM UCCITIENOBAHUS.

Kongauxkm unmepecos. ABTOPBI IeKIAPUPYIOT OTCYT-
CTBUE SIBHBIX U IMOTEHLMAJIbHbIX KOHd)HMKTOB MHTEepecCoB,
CBSI3aHHBIX C My6GIMKaLel HaCTOSIIE CTaTbu.

Omuueckana 3xkcnepmusa. ITlpoBeleHMe WCCIeqOBa-
HUsA o,u06peH0 JIOKQJIbHBIM 3TUYECKMM KOMMUTETOM IIpU
Mepunuackom mHeTutyTe ®I'AOY BO «benropoackuit ro-
CyIapCTBEHHbI HALIMOHAIbHBIN MUCCIeA0BaTEIbCKUA YHU-
BepcuTeT» MMHOOpHayku Poccum, mporokon N2 2 (7) or
02.02.2016 .

HupopmuposanHoe coenacue Ha nyoaukayuio. ABTOPLI
TONMYYWIM MUCbMEHHOe COoracue MalyeHTOB Ha ydacTue
B MCC/IEAOBAHUY U MTYyOIMKALIMIO MEAVITMHCKUX JAaHHbIX.
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Results of Arthroscopic Treatment for Femoroacetabular Impingement
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Background. Femoroacetabular impingement (FAI) is one of the most frequent causes of hip pain and limited
hip mobility in young and middle-aged patients. It is a result of repeated injury of hip structures, that leads to
degenerative changes in hip labrum, cartilage and subchondral bone and provokes progressive development of
hip osteoarthritis.

Aim of study — to analyze own experience of treating patients with femoroacetabular impingement and identify
factors affecting its outcomes.

Methods. Retrospective, uncontrolled, single-center clinical study included 128 patients with FAI which had
150 surgeries on 149 joints in in the period from 2013 to 2021. All patients underwent physical examination
and X-ray diagnostics, their FAI type was identified. The alpha angle of external part of femoral head in
anterior-posterior position and in the modified Dunn 45° position, as well as Tonnis angle, lateral central-
marginal angle in Ogata modification and the height of articular gap along the lateral (LS) and medial
edges (MS) of sclerosed acetabulum part were calculated. The i-HOT-33 and HOS scales were used to assess
preoperative status and postoperative results.

Results. The average follow-up period was 3.9 years (SD 1.71; min 1.05 and max 8.16). The study included 55
(43.0%) women and 73 (57.0%) men which underwent 64 (42.7%) and 86 (57.3%) surgeries respectively. The
most common types of FAI, according to our data, were mixed type (53% of joints) and cam type (27.5% of
joints). Insufficient coverage of the femoral head by the acetabulum (borderline dysplasia) in combination with
the cam deformity of the femoral head was observed in 18.1%. Pincer-type FAI was observed in 1.4% of joints.
We obtained the worst results with a combination of cam deformity and borderline dysplasia in comparison
with cam- and mix-type FAI according to the i-HOT-33 and HOS scales. Patients’ age, deep cartilage damage,
irreparable labrum damage and height decrease of the lateral part of the articular gap determined negative
effect on treatment results according to the i-HOT-33 and HOS scales.

Conclusion. Hip arthroscopy showed good short- and midterm outcomes in patients with FAIL. Pain syndrome
is most often manifested in patients with pathology of hip soft tissue structures concomitant to FAIL. The
combination of cam deformity and insufficient femoral head coverage, deep cartilage damage and a height
decrease of the articular gap are important predictors of poor treatment results.

Keywords: arthroscopy, femoroacetabular impingement, pincer deformity, cam deformity, hip dysplasia,
retroversion.
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Pe3synbratbl apTpoCKONMUecKoro neveHnsa ¢pemMopoaLeTabynapHoro
UMMMHOXMEHTA

O.E. boromonbckuii !, I1.A. Tpauyk!, [I.B. CrierinanpHbiii !, A.I1. Cepena’2, P.M. Tuxmion!

L @I'BY «HayuoHanvHwlii MeOUUUHCKUL ucciedosamenbCKuii yeHmp mpasmamonozuu
u opmoneduu um. P.P. Bpederna» Mun3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

2 Akademusi nocmounsiomHozo obpazosaruss PI'BY «DedepanvHblii HAyUHO-KAUHUYECKULL YeHmp cneyuanuupo-
8AHHbIX 81008 MeOUYUHCKOL nomMowju u meduyuHckux mexvonozuti ®MBA Poccuu», 2. Mockea, Poccus

AxmyanbHocms. PeMopoaleTaby/IsIpHbI UMIUHIKMEHT (PAN) sIBNIsteTcsl OMHOM 13 Hamubosee YacThIX MPU-
YMH OG0JIEBOTO CMHIPOMA M OTpaHMYEeHMs MTOABMKHOCTM B Ta3o0enpeHHOM cyctaBe (TBC) y Ui MOJIOOTO U
CpeHero Bo3pacTa B pe3y/bTaTe MOBTOPSIONIENCS TpaBMaTHU3aluMK CTPYKTYP CYCTaBa, IPUBOASIINUX K IeTeHe-
PaTMBHBIM M3MEHEHUSIM CYCTaBHOI I'yObl, XpsIa, CyOXOHIPaTbHOM KOCTY U BeOyIIUX K IIPOrpeccupyroiemMy
pasBuTHUI0 octeoapTposa TBC.

Llenwb uccnedoseanus — Ha OCHOBAHMM aHa/IM3a COGCTBEHHOTO OIThbITa JIeUeHNs ManyeHToB ¢ @AY BbIIBUTH (ak-
TOPbI, OKAa3bIBAIOIIME BIUSHNE Ha €T0 Pe3y/abTar.

Mamepuanumemodst. BoITIoTHEHO peTPOCIEKTUBHOE HEKOHTPOIMPYyEMOE OTHOIIEHTPOBOE KIIMHMUECKOe Mcce-
nmoBaHue.BHeroBomy 128 mameHnToB (149 cyctaBoB) c @AY, KOTOPHIM ObLIO BRIMOTHEHO 150 omIepaliiii B mepmop
€20131m02021 1.3 HMxX 66110 55 (43,0%) skeHtumH 1 73 (57,0%) MyskumHbl. CpeHMI TepUoJT HAOGTIOIeHYSI COCTaBIIT
3,9 net (SD 1,71; min 1,05; max 8,16). Bcem maiueHTaM mpoBeneHo pusuKaibHOe 06CIefoBaHMe U TydeBast
IMarHOCTHKA C omnpemeneHneM Turna OAV, BBITIONHEH pacyerT yIvia o TOJIOBKY OeIpeHHO KOCTH B IIPSIMOI Mpo-
ek 1 MoguduiMpoBaHoii ykiaaake Dunn 45°, yrma Tonnis, JaTepaabHOTO LIeHTPaJIbHO-KPAaeBoOro yIjia B
moauburanymmu Ogata, BBICOTbI CYCTaBHOI Ieu 1o JatepanbHoMy (LS) 1 menuanbHOMy Kpasim (MS) ckiiepo-
3MPOBAHHOI YaCTU BEPTIY>KOI BIaAMHBI. [ OLleHKM MpeAoIepaliOHHOrO CTaTyca U MoCIeonepauiOHHbIX
pes3y/bTaTOB UCTOAb30BaHbI mKaabl i-HOT-33 1 HOS.

Pesynvmamet. Hanbosnee yacto BCTpevannuch cMelanubiit Tun (53% cycraBoB) ®AU u cam-tum (27,5%) OAU.
HenmocTaTouHOE TOKPBITHE BEPTIYKHOI BIAAVHbI FTOJIOBKM O€IpeHHOI KOCTH (TTOTpaHUYHAasT IUCIIa3usl) B CO-
yeTaHUM ¢ cam-gedopMariyeii ToIOBKY 6eIpeHHO KOCTH BhISIBJIeHO B 18,1% cycraBoB. Pincer-tun ®AU ompe-
IeneH B 1,4% cyctaBoB. [Ipy cpaBHeHUM pe3y/ibTaTOB jedeHus 1o mKaiaM i-HOT-33 u HOS Hamu nomyyeHbl
HauXy/lue pe3yabTaThl IPU coueTaHuM cam-aedopmaiuim U MOrpaHUIHONM MMUCIUIa3UM B CpaBHEHUM C cam-
TUIIOM ¥ miX-Turnom ®AU. Takke BbISIBJIEHO OTPUIATETbHOE BIIMSIHIME Ha VICXOJ, JieueHus 60j1ee CTapIiero Bo3-
pacTa maimeHTa, ITyO0KOro MOBPEKAEHMs XPsIiia, HeBOCIIOMHMMBIX ITOBPEKIEHMUIT CYCTaBHOI I'yObI U CHIUKe-
HMSI BBICOTBI JIaTePaabHOTO OT/ie/ia CyCTaBHO e,

3axaioueHue. ApTpOCKOMMS Ta306eIpeHHOTO CYCTaBa ITOKAa3bIBAeT XOPOIe KPaTKO- ¥ CPpeIHeCPOUHbIEe pe-
3yJIbTAThI IPU JieueHUN nanueHToB ¢ PAV. BoneBoli CMHAPOM Ualie BCero MposiBAsIeTCSI TPU COMYTCTBYIOIIE
@AW maTosoruu MSITKOTKAHHBIX CTPYKTYp Ta3obempeHHOro cycTaBa. CouetaHue cam-gedopmanuum u Hemo-
CTATOYHOTO TTOKPBITHS TOJIOBKM 6eIpeHHOM KOCTM BePTIAYKHO BIAIMHOM, TIITyO6OKMe MOBPEXIeHUs Xpsila,
HeBOCIIOJTHMMbIE TTOBPEKIEHMST CYCTABHOI I'yObI ¥ CHUKEHME BbICOThI CYCTaBHOI LIEIY SIBJISIIOTCST BAXKHBIMU
MpeguKTOPaMy HeyAOBIeTBOPUTHUETbHBIX UCXOIOB JIEYeHUSI.

KnioueBbie cIoBa: aprpockomms, (GemopoalneTabyasIpHbIii  MMIMHIKMEHT, pincer-medbopmanmus,
cam-gedopmalius, JUCIIasus, peTPOBepPCHs.
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BACKGROUND

Femoroacetabular impingement (FAI) is a patho-
logic process characterized by chronic mechani-
cal damage of articular labrum, cartilage and
acetabular rim by femoral head or neck because
of their abnormal morphology, accompanied by
the pain syndrome and quite often by the limited
range of motions in the hip joint [1, 2, 3]. FAI is
one of the most frequent causes of joint pain and
limited hip mobility in young and middle-aged
patients, but still there are no reliable epidemio-
logical data. Repeated injuries of hip joint struc-
tures lead to degenerative changes in labrum,
cartilage and subchondral bone that provokes
progression of hip osteoarthritis [4, 5, 6].

The most popular FAI classification includes
three main FAI types: cam-type, pincer-type and
mix-type.

Cam-type supposes femoral head and neck de-
formity with normal acetabulum. Head deformity
is most often located in its anterosuperior and
external parts, however, dysmorphology of its
spherical shape may be located in other parts as
well [7].

Pincer-type is characterized by acetabular
dysmorphology and can be represented by local
or total deformity. Total deformity includes deep
acetabulum and acetabular protrusion. Local
deformity implies acetabulum retroversion or
prominent anterior margin of acetabulum [1].

Mix-type is a combination of cam- and
pincer-types.

Different FAI types have various impacts on
development of secondary osteoarthritis of the
hip joint. It is considered that the cam-type is
the most significant osteoarthritis predictor, and
its negative effect increases with the o angle in-
crease [3].

FAI surgical treatment is focused on resto-
ration of congruence of articular surfaces and
elimination of pathologic changes in articular
labrum and cartilage [3, 8]. Arthroscopy is a mod-
ern method of FAI surgical treatment.

Aim of study — to analyze our experience of
treating patients with femoroacetabular im-
pingement and to identify the factors affecting
its outcomes.

METHODS
Study design

Study design: clinical retrospective uncontrolled
single-center study.

The study includes patients who underwent
hip arthroscopy from June 2013 to January 2021
concerning clinically and radiologically con-
firmed FAI.

Exclusion criteria:

— prior hip surgeries;

— femoral head
osteonecrosis;

— prior Legg-Calve-Perthes disease;

- impossibility to evaluate results within 12
months minimum.

Exclusion and inclusion criteria been applied,
the study enrolled 128 patients (149 joints) who
underwent 150 surgeries. One patient (woman)
had revision arthroscopy 5.6 months after the
primary surgery due to an incorrect choice of
cam-deformity resection area. Among 128 pa-
tients were 55 (43%) women and 73 (57%) men.
Average follow-up period was 3.9 years (SD 1.71;
min 1.05; max 8.16), minimum period was 1 year.

chondromatosis and

Examination of patients

All patients were physically examined, their range
of motions in the hip joint was evaluated using
diagnostic tests, such as flexion-adduction - in-
ternal rotation (FADIR) test, flexion-abduction -
external rotation (FABER) test and Thomas test.
Age, sex and duration of symptoms’ manifesta-
tion were also taken into account in our study.

Plain pelvis X-ray in the upright position as well
as in the modified Dunn 45° position with external
40° rotation of the femur were performed to all pa-
tients before the surgery. Using X-rays, we identified
their FAI types and calculated the o angle of external
and anterosuperior parts of the femoral head, as well
as the Tonnis angle, the lateral central-marginal an-
gle in Ogata modification (LCEA-0) and the height of
articular gap along the lateral (LS) and medial edges
(MS) of sclerosed part of acetabulum. Methods of
calculation based on X-rays are specified in details
in our previous publication [9]. All patients had hip
MRI before the surgery.
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Operative technique

Hip arthroscopy was performed by one surgeon via

standard approaches. Surgery tactics and extent

depended on morphologic changes in the joint.
The first stage consisted of arthroscopic cor-

rection of intraarticular damages without joint

In case of superficial damages of articulating
surface, the affected parts of the labrum were resect-
ed by shaver preserving its integrity. Full-thickness
ossification of specific labrum segments was re-
moved within normal tissues without defect res-
toration. Identified unstable parts of the cartilage
were resected. In some cases, full-thickness carti-
lage defects of the acetabulum were replaced by the
chondral matrix implanted into the cartilage defect
area with no additional fixation after the subchon-
dral bone debridement and microfracturing.

Localization of femoral head and neck deform-
ity as well as damage type and extent of articular
labrum and cartilage were evaluated during the
surgery. Cartilage damage of femoral head was
assessed according to the Outerbridge classifica-
tion, that of acetabulum - according to the Beck
et al. classification [11].

Postoperative follow-up

Patients were activated during the first 24 hours
after the surgery. In the postoperative follow-up
period, they were recommended to use crutches
with 15% body weight bearing on the operated leg
for 3 weeks (5 weeks in patients with damaged ac-
etabulum cartilage replaced by chondral matrix)
and to start full weight bearing in 2 more weeks.

Assessment of results

To evaluate the preoperative status, we used the
International Hip Outcome Tool-33 (i-HOT-33)

distraction. Modelling resection of femoral head
and neck deformity was performed. The state of
articular labrum, acetabulum and femoral neck
cartilage was evaluated after joint distraction. In
case of full-thickness labrum damage the latter
was sutured with the use of anchors (Fig. 1).

Fig. 1. The main stages of
correction of intraarticular
damages:

a — modeling resection of
cam-deformity;

b — articular labrum refixation

and the Hip Outcome Score (HOS) scales com-
pleted by patients before the surgery. In the
postoperative period all patients continued to
complete the questionnaires remotely in Google
forms every year, starting with the first one after
the surgery. Data obtained during the last survey
were used for our analysis. Results vary from 0 to
100 with the highest scores being the best.

Statistical analysis

Analysis of correspondence of frequency data
distribution in each of compared groups to nor-
mal distribution was performed before compar-
ing variables. No statistically significant differ-
ence between variances of compared groups was
identified (homogeneity of variances), that made
it possible to compare variables using Student’s
t-test. T-test for independent variables was used
to compare variables of both groups, while t-test
for dependent variables was used to compare
scores before and after the surgery. Pearson’s
correlation coefficient (Pearson's r) was applied
to describe the correlation between radiologic
angles and range of motions. Values of variables
were presented as mean value, standard devia-
tion (SD), minimum value (min) and maximum
value (max). Statistical significance level (p-lev-
el) in our study was set as 0.05. Data base was
presented in Excel tables, statistical analysis was
performed in Statistica 12 software (StatSoft)
X86 for Windows.

57 2022;28(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

RESULTS

Age, body mass index (BMI), duration of symp-
toms’ manifestation before surgery, performed
X-ray measurements and results of i-HOT-33 and
HOS questionnaires are shown in the Table 1.
Correlation between hip flexion angle, internal
rotation of femur with 90° hip flexion and sphericity
angles of femoral head in anteroposterior view and

in the modified Dunn 45° setup is identified (Tab. 2).
No statistically significant difference between other
variables was discovered. Table data show that in
general there is an inverse correlation between the o
angle and the range of motions in the hip joint.

Examining 149 X-rays of the hip joint and
evaluating deformity of femoral head/neck and
acetabulum, we separated out 4 types of deformi-
ties (Tab. 3).

Table 1
Preoperative characteristics of patients, M*SD
Parameter quen I\‘/Ie'n p
(63 joints) (86 joints)
Age, v.o. 34.83%10.64 32.48+8.68 0.11
BMI, kg/m? 22.11£3.58 24.63+2.44 <0.01
Duration of symptoms’ manifestation, month 29.56%29.47 39.49+34.86 0.09
LCEA-O, deg. 26.57%6.75 28.31+5.66 0.09
Tonnis angle, deg. 5.03%6.16 4.26+5.36 0.42
A-p a angle, deg. 51.50£19.32 66.40+19.69 <0.01
Dunn o angle, deg. 60.02%15.47 65.12%£14.95 0.04
Flexion, deg. 118.52+15.42 113.20£16.25 0.045
Internal rotation with 90° hip flexion 21.95%11.01 13.90+10.83 <0.01
External rotation, deg. 38.20£7.09 37.73£7.54 0.70
Height of articular gap along the lateral part of acetabulum, mm 4.59%0.86 4.86%0.93 0.07
Height of articular gap along the medial part of acetabulum, mm 4.20%0.97 4.37%0.86 0.29
i-HOT-symptoms 57.90£21.82 61.34+20.64 0.33
i-HOT-sport 40.91+22.32 43.28+25.47 0.55
i-HOT-work 40.00£20.70 41.28%22.17 0.72
i-HOT-emotions 44.52+21.60 50.97£22.83 0.08
HOS-ADL 71.37%£19.60 74.31+17.95 0.34
HOS-sport 48.09+28.43 55.04%24.91 0.11
Table 2

Correlation between flexion angle, internal rotation of the femur and o angle values
in the group in general and in accordance with the patients’ sex

a angle
View
A-p Dunn 45° A-p (W) Dunn 45° (W) A-p (M) Dunn 45° (M)
FL -0.2449 -0.2107 -0.2580 -0.1511 -0.1639 -0.2164
p =0.003 p=0.010 p=0.040 p=0.233 p=0.131 p=0.045
IR90 -0.2398 -0.2712 -0.2795 -0.1922 -0.0256 -0.2620
p=0.003 p=0.001 p=0.025 p=0.128 p=0.815 p=0.015

FL — flexion angle in the hip joint; IR90 —90° flexion in the hip joint; a-p — pelvis X-rays in the anteroposterior view;
Dunn 45° — X-rays in the modified Dunn 45° position; M — men; W — women.
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Table 3
Types of hip deformities
Deformi Number of joints
eformity
Total (n = 149) Women (n = 63) Men (n = 86)

Cam 41 (27.5%)
Pincer 2 (1.4%)
Cam + pincer (mix) 79 (53%)

Cam + borderline dysplasia 27 (18.1%)

20 (31.7%) 21 (24.4%)
2 (3.2%) 0

52 (60.5%)

13 (15.1%)

27 (42.9%)

14 (22.2%)

Mean surgery duration was 177.83 minutes
(SD 40.63; min 110, max 295) in women and
193.6 minutes (SD 45.88; min 105, max 310;
p = 0,03) in men.

Characteristics of identified acetabular la-
brum damages, performed procedures as well as
cartilage lesions are shown in the Table 4. Most
often, articular labrum damage and acetabular
cartilage lesion were localized in anterosuperior
region (Fig. 2).

In 20.8% (5 surgeries) of 24 surgeries, where
flap damage and acetabular cartilage desquama-
tion (Beck grade 4 and 5) were revealed, the af-
fected cartilage was replaced with chondral ma-

trix. In this cohort of patients, the resection of
unstable parts of the cartilage and the curettage
of subchondral bone in the area of the cartilage
defect were performed in 10 (41.7%) surgeries,
while the resection of unstable cartilage parts
and microfracturing were carried out in 8 (33.3%)
surgeries. In one (4.2%) case the patient with car-
tilage lesion and acetabular cyst underwent cyst
grafting with allogenous bone and defect cover-
ing with chondral matrix. In other patients with
surface cartilage damage and insignificant mar-
ginal deep lesions, smoothing of damaged areas
using shaver and arthroscopic electrocoagulator
was performed.

Table 4

Intraoperatively identified damages of acetabular labrum, acetabulum cartilage
and femoral head

Parameter

Number of joints (%)

Damage of acetabular labrum
- fixation of damaged parts of acetabular labrum
- resection of damaged parts of acetabular labrum
- resection of surface damages of acetabular labrum
Damage of acetabulum cartilage
— surface damage (Beck grade 1)
- deep cartilage damage (Beck grades 2 and 3)

- flap damage and cartilage desquamation (Beck grades 4 and 5)

Damage of femoral head cartilage
- surface damage (Outerbridge grades 1 and 2)
- deep damage (Outerbridge grades 4 and 5)

136 (91.3)
108 (72.5)
16 (10.7)
12 (8.1)
97 (65.1)
31 (20.8)
42 (28.2)
24 (16.1)
31 (20.8)
22 (14.8)
9 (6.0)
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30,9%(18,5%

@

Damages of femoral head -cartilage were
identified in 31 (20.8%) patients (Fig. 3). These
patients underwent resection of unstable frag-
ments, smoothing of affected areas using shaver
and arthroscopic electrocoagulator.

M. psoas tenotomy concerning psoas-im-
pingement was performed during 20 (13.4%) sur-
geries in 17 (13.3%) patients. Through 2013 to
2016 the capsule was not sutured in 17 (11.3%)
surgeries.

No cases of postoperative infection were not-
ed. Partial impairment of sensation of external
cutaneous nerve was observed in 20 (13.4%) cas-

Fig. 3. Localization
and frequency of
femoral head cartilage
damage

2,3%

2,3%

Fig. 2. Localization

and damage frequency

of labrum (a) and articular
cartilage (b)

es. It resolved spontaneously in 17 (85%) cases in
17 weeks (SD 26.23; min 1; max 104), and did not
show signs of recovery in 3 (15%) cases. Eleven
(7.3%) patients complained about impaired
sensation in genital area, that resolved sponta-
neously in 4.18 weeks (SD 2.09; min 1; max 8).
Heterotopic ossification of deep layers of capsule
(Brooker grade 1 [12]) was discovered in 3 patients
(2% of operated joints). However, these findings
cannot be considered accurate as the majority of
patients have not presented control pelvis X-ray
1 year after the surgery.

Eight patients (8 (5.3%) joints) underwent hip
arthroplasty in average in 40.2 months (SD 25.3;
min 8.4; max 74.4).

Comparison of patients’ responses in the i-
Hot-33 and HOS questionnaires, who did not
need arthroplasty, before surgery and at the time
of our study shows improvement of the hip joint
state after surgical treatment (Tab. 5). No statis-
tically significant differences between treatment
results of men and women were discovered.

Table 5

Evaluation of patients’ state according to the i-HOT 33 and HOS scales who underwent
hip arthroscopy concerning FAI and did not need arthroplasty (n = 120), M*SD

Scale Before surgery After surgery
HOS-sport 53.70%+26.06 80.95+22.19
HOS-ADL 73.58+18.90 92.27+12.46
i-HOT-emotions 49.15%22.53 83.77+20.60
i-HOT-work 41.73%21.63 65.67+19.48
i-HOT-sport 43.18+24.46 78.23%23.72
i-HOT-symptoms 60.84+21.07 86.67%18.66
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Treatment outcomes varied depending on the
FAI type (Tab. 6). The best result was achieved in
the cam-type patient group, the worst — in the
group with the cam-type combined with border-
line dysplasia. Treatment results of 2 patients with
pincer-type were not included in the comparison.

Three subgroups were formed in order to dis-
cover other factors affecting treatment results.
Two subgroups included 120 (94%) patients (141
(94.6%) joints), who did not need hip arthroplas-
ty. Patients included in the first or in the fourth
quartiles, excluding the interquartile range, were
identified basing on each section of questionnaire,
under condition of confirmation of the worst (first
quartile) and the best (fourth quartile) outcome
according to 4 out of 6 sections of questionnaires.

Subgroup of patients with the best outcomes,
that was notionally named as control subgroup in
our study, was formed according to the results of
this division and included 35 (26.3%) patients (41
(29.1%) joints). The second subgroup, the main
one, included 25 (19.5%) patients (27 (19.2%)
joints) with the worst outcomes, who did not
need arthroplasty during the follow-up period.
Eight (6.3%) patients (8 (5.3%) joints), who re-
quired arthroplasty, compiled the third subgroup.

No statistically significant differences be-
tween subgroups were identified in terms of du-
ration of symptoms’ manifestation, BMI, the o
angle, the LCEA-O, the Tonnis angle, MS (Tab. 7).

Data presented in the Table 7 attest range of
motions and articular gap height decrease from
control to main and further on to arthroplasty
groups. Reverse tendency was observed when
evaluating the subgroups’ mean age.

Due to a small number of patients, who un-
derwent arthroplasty, no gender comparison was
made.

Gross appearance of intraarticular deformities
and intraoperatively identified damages of artic-
ular components in all subgroups is presented in
the Table 8.

Control group was characterized by predomi-
nance of repairable articular labrum damages
and less severe cartilage lesions than the main
one. In the arthroplasty group the frequency of
deep cartilage damages and irreparable articular
labrum lesions was the highest in comparison
with other groups. Assessing the deformities, the
prevalence of cam-deformity in the control group
and cam-deformity combined with borderline
dysplasia in the arthroplasty group stands out.

Table 6
Comparison of treatment results of patients in accordance with different FAI types
(147 joints), M*SD
FAI type p value of comparison of groups *
Scale cam +
cam mix borderline 1 2 3
(n=41) n=179) dysplasia
(n=27)
HOS-sport 81.64%25.08 77.67%27.02 69.55+32.01 0.44 0.09 0.20
HOS-ADL 91.32%17.28 88.57+22.53 83.17%27.99 0.50 0.14 0.32
i-HOT-emotions 85.21+23.74 79.83%26.14 74.33%£29.45 0.27 0.10 0.36
i-HOT-work 70.51+18.50 61.67£23.53 56.98+25.18 0.04 0.01 0.38
i-HOT-sport 79.59£26.49 75.15+27.36 66.67%£31.99 0.40 0.07 0.19
i-HOT-symptoms | g4 68+24.09 83.85+24.45 78.59+28.35 0.86 0.35 0.36

*1 — cam-type and mix-type; 2 — cam-type and cam-type with borderline deformity; 3 — mix-type and cam-type with

borderline deformity.
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Table 7
Distinguishing criteria in control subgroups, M£SD (min; max)
Subgroup of patients p value of comparison of subgroups*
Criterion
Control Main Arthroplasty
subgroup subgroup subgroup 1 2 3
(41 joints) (27 joints) (8 joints)
32.2+7.2 33.07%9.41 48.00+8.62
Age, y.0. (19: 52) (19; 54) (34; 57) 0.66 <0.01 <0.01
. 115.85%15.96 | 114.44+14.50 | 96.25%+13.02
Flexion, deg. (80; 140) (90; 140) (80; 120) 0.71 <0.01 <0.01
Internal rotation with 90° 17.56+11.41 14.81£13.26 7.50%£9.26
hip flexion (0; 35) (0; 35) (0; 25) 0.51 <0.01 0.19
. 39.39+5.72 35.37+9.70 31.87+7.04
External rotation, deg. (25; 45) (5; 45) (20; 45) 0.04 <0.01 0.07
Height of articular gap 5
.12+0.91 4.15%0.73 3.55+0.69
along the lateral part of (2.9; 6.5) (2.8; 6.2) (2.4; 5.3) <0.01 <0.01 0.046
acetabulum, mm

* 1 — between control and main subgroups; 2 — between control and arthroplasty subgroups; 3 — between main and

arthroplasty subgroups.

Table 8

Quantitative characteristics of intraarticular deformities, damages and performed procedures in
subgroups, n (%)

Parameter Con(ti(l)lj g?r?égoup sull\)/.[garfc?up Arthro;()éaji)tisrfl ;L;bgroup
(27 joints)

Damage of acetabular labrum 38 (92.7) 27 (100) 8 (100)
— fixation of damaged parts 33 (80.5) 19 (70.4) 2 (25)
—resection of damaged parts 1(2.49) 6(22.2) 5(62.5)
- resection of surface damages 4(9.8) 2 (74) 1(12.5)

Damage of acetabulum cartilage (according to Beck) 23 (56.1) 20 (74.1) 8 (100)
- surface damage (grade 1) 717.1) 8 (29.6) 2 (25)
— deep damage (grades 2 and 3) 12 (29.3) 8 (29.6) 0
— flap damage and cartilage desquamation (grades 4(9.8) 4(14.8) 6 (75)

4 and 5)

Damage of femoral head cartilage 6 (14.6) 6(22.2) 7 (87.5)

(according to Outerbridge)

— surface damage (grades 1 and 2) 5(12.2) 2 (7.4) 4 (50)
— deep damage (grades 3 and 4) 1(2.49) 4(14.8) 3 (37.5)
Types of deformities 41 (100.0) 27 (100.0) 8 (100.0)
- cam 17 (41.5) 7 (25.9) 1(12.5)

— pincer 0 1(3.7) 0
— cam + pincer (mix) 18 (43.9) 13 (48.1) 3 (50.0)
— cam + borderline dysplasia 6 (14.7) 6(22.2) 3 (37.5)
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DISCUSSION

Hip arthroscopy, performed in our study, im-
proved the state of patients, increasing average
scores according to both scales and their sec-
tions from 16.69 points in the HOS-ADL sec-
tion to 35.05 points in the i-HOT-sport section.
Insignificant relative HOS-ADL improvement is
more likely connected with initially high preop-
erative mean score in this section, as it refers to
young and active patients. Increase of chances
to return to sport activities in this cohort of pa-
tients also revealed in the sport section of the
HOS scale, where the mean score increased to
27.25 points that corresponds to A.A. Minkara et
al. [13].

Multiple literature data report on the absence
of significant influence of borderline dysplasia
on short-term and mid-term results of the FAI
surgical treatment [14, 15]. Analysis of patients’
treatment results in control and main subgroups,
notionally allocated in our study, also revealed no
LCEA-O influence. However, it is worth mention-
ing relative prevalence of patients with cam-de-
formity in combination with borderline dysplasia
(37.5%) in the subgroup of patients who needed
arthroplasty during the follow-up period in com-
parison with control (14.7%) and main (22.2%)
subgroups.

Obtained results reveal the worst prognosis
of surgical treatment outcome of patients with
cam-deformity combined with borderline dys-
plasia, that in future may lead to faster osteoar-
thritis progression rather than separate presence
of these changes [16].

Long-term studies show increase of frequency
of radiologically confirmed hip osteoarthritis in
women by 13%, of arthroplasty — by 18% with the
LCEA decrease by each degree with the values
less than 28° in 20 follow-up years. According to
the same study, the cam-deformity, in its turn,
leads to 5% increase of radiologically diagnosed
osteoarthritis and to 4% increase of frequency
of hip arthroplasty with the o angle increased
by 1° [8].

These data attest more favorable clinical
course of cam-deformity rather than border-
line dysplasia, that is confirmed by C.C. Wyles
et al. [16]. However, according to the studies of
R. Agricola et al., based on clinical course ex-
amination of primary osteoarthritis in 856 pa-
tients with cam-deformity and aged 45-65 years,

the o angle of more than 60° and 80° increases
3.67-fold and 9.66-fold respectively the relative
risk of hip arthroplasty [17].

Analyzing the systematic review of 13 stud-
ies that evaluate treatment results of 1571 joints
with the follow-up period from 60 to 240 months,
C.Kyin et al. also identified that the patients’ age
increase was one of the most significant predic-
tors of ineffective FAI surgical treatment [18].
That fact is confirmed in our study as well. Mean
age of patients in the arthroplasty group was
48.00 years old, in the control and the main ones
was 32.20 and 33.07 years old respectively.

High frequency of asymptomatic hip joint de-
formities shows that the leading role in symp-
toms’ manifestation belongs to articular labrum
and cartilage damages and not to bone deformi-
ties [19, 20]. That fact is attested by C. Suarez-
Ahedo et al., who revealed deep cartilage dam-
ages in 32.5% and articular labrum damages in
98% of 1502 patients enrolled in the study [21]. G.
Bayley et al., examining 86 joints in 76 patients,
identified articular labrum damage in 100% of
cases with 42% of them without bone deformities
[22], that also affirms pain syndrome progression
due to the damage of intraarticular components.

It can be assumed that the more severe the
damage to articular labrum and cartilage is, the
worse the treatment result is. This conclusion
is confirmed by the presence of articular la-
brum damage in 92.7% of patients in the control
group and in 100% of patients in other groups.
Moreover, the degree of its damage increases
and the correcting potential of changes lessens
from the control group to the main and the ar-
throplasty ones: 2.4%, 22.2% u 62.5% of articular
labrum resections respectively. Frequency and
severity of acetabular cartilage damage, that was
identified in 56% of cases in the control group, in
74.1% in the main group, reaching 100% in the
arthroplasty group, attest declination of results
with increase of damage extent.

In 2013 M. Philippon et al. studied treatment
outcomes of 203 patients aged more than 50
years old and made the conclusion that the ar-
ticular gap height less than 2 mm was associated
with the arthroplasty risk in 80% of cases [23].
Correlation between the arthroplasty risk and the
articular gap height and age of patients was also
confirmed in other researches [14, 17, 24, 25].

During the course of our study as well, we ob-
served the height decrease of lateral part of ar-
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ticular gap to 4.15 mm in the main subgroup and
to 3.55 mm in the arthroplasty subgroup compar-
ing with the control subgroup (5.12 mm). All that
attend less hip arthroscopy efficacy in patients
with smaller articular gap.

CONCLUSION

One of the most unfavorable combinations af-
fecting treatment results is the combination of
cam-deformity and insufficient coverage of the
femoral head by the acetabulum.

Taking into account the identified concomi-
tant articular labrum and cartilage pathologies
in most patients, we may assume that these con-
comitant soft tissue lesions lead to pain syndrome
in case of FAI. Defects of acetabulum and femoral
head cartilage, as well as articular gap decrease
are considered prognostically unfavorable for hip
arthroscopy results increasing its negative effect
especially in elderly patients. According to that,
we can suppose that early correction of deformi-
ties not only allows to reduce the pain syndrome,
but also prevents further damages of acetabulum
cartilage and articular labrum, that will enable to
obtain better long-term results and, perhaps, de-
crease the necessity and delay hip arthroplasty.

DISCLAIMERS
Author contribution

Bogopolskiy O.E. — collection and processing of
material, analysis and statistical processing of
data, manuscript writing.

Trachuk P.A. — collection and processing of data.

Spetsialnyi D.V. — collection and processing of
data.

Sereda A.P. — analysis and statistical processing
of data, data statistical processing, text editing.

Tikhilov R.M. — study conception and design, text
editing.

All authors have read and approved the final ver-
sion of the manuscript of the article. All authors
agree to bear responsibility for all aspects of the
study to ensure proper consideration and resolu-
tion of all possible issues related to the correct-
ness and reliability of any part of the work.

Funding source. This study was not supported by
any external sources of funding.

Competing interests. The authors declare that
they have no competing interests.

Ethics approval. Not applicable.

Consent for publication. Informed consent was
obtained from all individual participants includ-
ed in the study.

REFERENCES

1. Griffin D.R., Dickenson E.J., O’Donnell J.,
Agricola R., Awan T., Beck M. et al. The Warwick
Agreement on femoroacetabular impingement syn-
drome (FAI syndrome): an international consensus
statement. Br | Sports Med. 2016;50(19):1169-1176.
doi: 10.1136/bjsports-2016-096743.

2. Reiman M.P.,, Agricola R., Kemp J.L., Heerey ]J.J.,
Weir A., van Klij P. et al. Consensus recommendations
on the classification, definition and diagnostic criteria
of hip-related pain in young and middle-aged active
adults from the International Hip-related Pain Research
Network, Zurich 2018. Br J Sports Med. 2020;54(11):631-
641. doi: 10.1136/bjsports-2019-101453.

3. Sereda A.P. [Femoroacetabular = Impingement:
A Natural History]. Travmatologiya i ortope-
diya  Rossii [Traumatology and  Orthopedics
of Russia]. 2020;26(3):182-192. (In  Russian).

doi: 10.21823/2311-2905-2020-26-3-182-192.

4. Leunig M., Casillas M.M., Hamlet M., Hersche O.,
Notzli H., Slongo T. et al. Slipped capital femo-
ral epiphysis: early mechanical damage to the ac-
etabular cartilage by a prominent femoral meta-
physis. Acta Orthop Scand. 2000;71(4):370-375.
doi: 10.1080/000164700317393367.

5. Myers S.R., Eijer H., Ganz R. Anterior femoroacetabu-
lar impingement after periacetabular osteotomy. Clin
Orthop Relat Res. 1999;(363):93-99.

6. Ganz R., Parvizi J., Beck M., Leunig M., Notzli
H., Siebenrock  K.A.  Femoroacetabular  im-
pingement: a cause for osteoarthritis of the
hip. Clin Orthop Relat Res. 2003;(417):112-120.
doi: 10.1097/01.bl0.0000096804.78689.c2.

7. Hanzlik S., Riff A.J., Wuerz T.H., Abdulian M.,
Gurin D., Nho S.J. et al. The Prevalence of Cam
Morphology: A Cross-Sectional Evaluation of 3,558
Cadaveric Femora. Front Surg. 2021;7:588535.
doi: 10.3389/fsurg.2020.588535.

8. Thomas G.E., Palmer A.]., Batra R.N., Kiran A., Hart D.,
Spector T. et al. Subclinical deformities of the hip are
significant predictors of radiographic osteoarthritis
and joint replacement in women. A 20 year longitudi-
nal cohort study. Osteoarthritis Cartilage. 2014;22(10):
1504-1510. doi: 10.1016/j.joca.2014.06.038.

9. Bogopolskiy 0O.E. [Instrumental Diagnosis and
Preoperative Planning of Hip Arthroscopy in
Femoroacetabular Impingement Syndrome: Lecture].
Travmatologiya i ortopediya Rossii [Traumatology and
Orthopedics of Russia]. 2021;27(4):155-168. (In Russian)
doi: 10.21823/2311-2905-1636.

10. Slattery C., Kweon C.Y. Classifications in Brief:
Outerbridge Classification of Chondral Lesions.
Clin Orthop Relat Res. 2018;476(10):2101-2104.
doi: 10.1007/s11999.0000000000000255.

64 2022;28(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

11.

12.

13.

14.

15.

16.

17.

18.

Beck M., Kalhor M., Leunig M., Ganz R. Hip mor-
phology influences the pattern of damage to the
acetabular cartilage: femoroacetabular impinge-
ment as a cause of early osteoarthritis of the
hip. J Bone Joint Surg Br. 2005;87(7):1012-1018.
doi: 10.1302/0301-620X.87B7.15203.

Brooker A.F., Bowerman JW., Robinson R.A.,
Riley L.H. Jr. Ectopic ossification following total hip re-
placement. Incidence and a method of classification.
J Bone Joint Surg Am. 1973;55(8):1629-1632.

Minkara A.A., Westermann R.W., Rosneck J., Lynch T.S.
Systematic Review and Meta-analysis of Outcomes
After Hip  Arthroscopy in  Femoroacetabular
Impingement. Am ] Sports Med. 2019;47(2):488-500.
doi: 10.1177/0363546517749475.

Kuroda Y., Saito M., Sunil Kumar K.H., Malviya A.,
Khanduja V. Hip Arthroscopy and Borderline
Developmental Dysplasia of the Hip: A Systematic
Review. Arthroscopy. 2020;36(9):2550-2567.e1.
doi: 10.1016/j.arthro.2020.05.035.

Evans P.T., Redmond J.M., Hammarstedt J.E., Liu Y.,
Chaharbakhshi E.O., Domb B.G. Arthroscopic
Treatment of Hip Pain in Adolescent Patients With
Borderline Dysplasia of the Hip: Minimum 2-Year
Follow-Up. Arthroscopy. 2017;33(8):1530-1536.
doi: 10.1016/j.arthro.2017.03.008.

Wyles C.C., Heidenreich M.]., Jeng ]J., Larson D.R.,
Trousdale R.T., Sierra R.J. The John Charnley Award:
Redefining the Natural History of Osteoarthritis
in Patients With Hip Dysplasia and Impingement.
Clin  Orthop  Relat Res. 2017;475(2):336-350.
doi: 10.1007/s11999-016-4815-2.

Agricola R., Heijboer M.P.,, Bierma-Zeinstra S.M.,
Verhaar].A.,Weinans H., Waarsing].H. Camimpingement
causes osteoarthritis of the hip: a nationwide prospec-
tive cohort study (CHECK). Ann Rheum Dis. 2013;72(6):
918-923. doi: 10.1136/annrheumdis-2012-201643.

Kyin C., Maldonado D.R., Go C.C., Shapira J., Lall A.C.,
Domb B.G. Mid- to Long-Term Outcomes of Hip
Arthroscopy: A Systematic Review. Arthroscopy.
2021;37(3):1011-1025.doi: 10.1016/j.arthro.2020.10.001.

19.

20.

21.

22.

23.

24.

25.

Thier S., Gerisch D., Weiss C., Fickert S., Brunner A.
Prevalence of Cam and Pincer Deformities in the
X-Rays of Asymptomatic Individuals. Biomed Res Int.
2017;2017:8562329. doi: 10.1155/2017/8562329.
Morales-Avalos R., Tapia-Nanez A., Simental-
Mendia M., Elizondo-Riojas G., Morcos-Sandino M.,
Tey-Pons M. et al. Prevalence of Morphological
Variations  Associated =~ With  Femoroacetabular
Impingement According to Age and Sex: A Study of
1878 Asymptomatic Hips in Nonprofessional Athletes.
Orthop ] Sports Med. 2021;9(2):2325967120977892.
doi: 10.1177/2325967120977892.

Suarez-Ahedo C., Gui C., Rabe S.M., Chandrasekaran S.,
Lodhia P.,, Domb B.G. Acetabular Chondral Lesions
in Hip Arthroscopy: Relationships Between Grade,
Topography, and Demographics. Am ] Sports Med.
2017;45(11):2501-2506.d0i:10.1177/0363546517708192.
Bayley G., Poitras S., Parker G., Beaulé P.E. Hip ar-
throscopy in patients less than 25 years of age
in the treatment of labral tears: aetiology and
clinical outcomes. Hip Int. 2017;27(5):436-442.
doi: 10.5301/hipint.5000493.

Philippon  M.]J., Briggs K.K., Carlisle ].C,,
Patterson D.C. Joint space predicts THA af-
ter hip arthroscopy in patients 50 years and old-
er. Clin Orthop Relat Res. 2013;471(8):2492-2496.
doi: 10.1007/s11999-012-2779-4.

Domb B.G.,, Chen S.L.,, Go C.C.,, Shapira ]J.,
Rosinsky P.J., Meghpara M.B. Predictors of Clinical
Outcomes After Hip Arthroscopy: 5-Year Follow-
up Analysis of 1038 Patients. Am ] Sports Med.
2021;49(1):112-120. doi: 10.1177/0363546520968896.
Nwachukwu B.U., Rebolledo B.]J., McCormick F.,
Rosas S., Harris J.D., Kelly B.T. Arthroscopic Versus
Open Treatment of Femoroacetabular Impingement:
A Systematic Review of Medium- to Long-Term
Outcomes. Am | Sports Med. 2016;44(4):1062-1068.
doi: 10.1177/0363546515587719.

Authors’ information

D4 Oleg E. Bogopolskiy
Address: 8, Akademika Baykova st., St. Petersburg, 195427, Russia
https://orcid.org/0000-0002-4883-0543
e-mail: 9202211 @gmail.com

Pavel A. Trachuk
https://orcid.org/0000-0002-4442-5831
e-mail: trachukpav@gmail.com

Denis V. Spetsialnyi

https://orcid.org/ 0000-0002-7597-2918
e-mail: specialnyyy@gmail.com

Andrei P. Sereda — Dr. Sci. (Med.)
https://orcid.org/0000-0001-7500-9219
e-mail: drsereda@gmail.com

Rashid M. Tikhilov — Dr. Sci. (Med.), Professor
https://orcid.org/0000-0003-0733-2414
e-mail: rtikhilov@gmail.com

65

2022;28(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Original Article [@)sy ]

https://doi.org/10.17816/2311-2905-2001

Total Hip Arthroplasty in Patients With Post-Traumatic Bone Defects
and Acetabular Deformities
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Backround. Total hip replacement in cases of traumatic changes of the acetabulum refers to cases of difficult
primary arthroplasty and requires detailed preoperative planning and accurate restoration of anatomical
relationships in the operated joint.

The aim of the study was to evaluate the structure of pathological changes in the acetabulum in patients with
posttraumatic hip arthrosis, to develop a method for their detailed description and to determine the tactics of
choosing the type of acetabulum implant.

Methods. The results of treatment of 194 patients with the consequences of acetabulum fractures who
underwent total hip arthroplasty in the period from 2014 to 2022 were analyzed. The study was conducted in
two stages, at the first stage, the structure of pathological changes, such as defect, deformation, changes in the
center of rotation and offset (relatively healthy contralateral joint), was analyzed. A method was developed for
choosing the tactics of implantation of the acetabulum component, based on a detailed description of the defect
and deformation of the acetabulum. The second stage analyzed the results of treatment of patients for whom
planning and surgical treatment was carried out in the period from 2020 to 2022 using the proposed method.
Results. During the first stage of the study, it was revealed that the magnitude of the change in the indicators
of the displacement of the rotation center and offset changes by more than 8 mm. statistically significantly
increases the likelihood of complications by 17.9%. The restoration of the rotation and offset center reduces
the number of complications by 22.3%. The proposed method makes it possible to statistically reliably restore
anatomical relationships in the operated hip joint and reduce the number of complications by 10%.
Conclusion. The proposed method allows us to qualitatively and quantitatively describe pathological changes
in the bone tissue of the acetabulum. Depending on the degree of displacement of the center of rotation, the
walls of the acetabulum and the nature of the defect of the supporting bone tissue, the surgeon can determine
the tactics of surgical treatment.

Keywords: total hip arthroplasty, hip arthritis, acetabulum bone loss, classification, preoperative planning.
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JHAONpoTEe3MpOBaHUE Ta306eApEeHHOro CycTaBa y NaLMeHToB
C nocTTpaBMaTuyeckumu aedekramm u aepopmaumsamu
BEPTNY)XXHOM BMaAuHbI

A.A. TIpouckux, C.B. PomaHosa, B.JI. JlykuHoB, B.A. ba3nos, T.3. Mamynazase,
A.A. KopsiTkuH, B.B. [1aBioB

@OI'BY «Hosocubupckuii HayuHO-uUcc1edosamebCkKuti uHcmumym mpasmamonozuu u opmoneouu
um. SLJ1. Lusvsina» Mun3dpasa Poccuu, 2. Hosocubupck, Poccus

AKmyaisHoCme. DHIOIIPOTE3MPOBaHME Ta3060epeHHOr0 CYyCTaBa y MaleHTOB C MOCTTPaBMaTUUeCKUMMU 13-
MeHeHMSMU BepTJTY>KHOM BITaAMHbI OTHOCUTCS K CTy4asiM CJI0KHOTO TIePBMUHOTO SHIOMIPOTe3UPOBAHMS U Tpe-
6yeT AeTaJbHOTO MpefornepalMOHHOrO IVIAHMPOBAHMS ¥ TOYHOTO BOCCTAHOBJIEHNSI aHATOMUYECKMUX B3aUMO-
OTHOLIEHUII B OIEPUPOBAHHOM CyCTaBe.

T'unome3a uccnedoeaHuss — co3gaHue ONMMCATENBHOM CHCTEMbI, OCHOBAHHOJ HA KaueCTBEHHOM M KOJIMYe-
CTBEHHOM orpezeneHuu nedbopmanuu u nedekra KOCTei, 06pasyolnx BepTIYKHYI0 BIIAAWHY, TO3BOSET
CIUIAHMPOBATDb MTPOCTPAHCTBEHHOE TIOJIOKEHME BePTTY;KHOTO KOMIIOHEHTA, TUII ero GpuKcanun, 06beM KOCT-
HOJ TIJIACTUKY, HeOOXOaMMble NIJi1 BOCCTAHOBJIEHMS MPAaBWIbHON MeXaHMKM Ta300eIpeHHOro CyCTaBa, a ee
MCII0/Ib30BaHMeE TI03BOJISIET YIYUIIUTb KAMHUUECKMEe ¥ QYHKIMOHAIbHbIE Pe3Y/IbTAaThl JIEUeHUS TTAlMeHTOB C
MOCTTPaBMaTUUYECKUM KOKCAPTPO30M.

Mamepuan u memoOdsi. IIpoaHaIM3MPOBAHbI PE3YIbTATHI JIeueHUs 194 MalMeHTOB C MOCIEACTBUSIMM ITepesIo-
MOB BePTIY)XHOV BIIaIMHbI, KOTOPBIM B riepuoz, ¢ 2014 1o 2022 r. BBIIIOIHSIIOCh TOTAJIbHOE 3H0IIPOTEe3MpPOBa-
Hue. VccnegoBaHye IpOBOAMIIOCH B IBa 3Tana. Ha mepBom 3Tare aHaaM3UPOBaIyM CTPYKTYPY HATOIOTUYECKUX
M3MEHEeHU, TaKuX Kak gedekT u nedopMmainusi — cMellleHMe IIeHTpa poTanuu 1 odceta OTHOCUTEIBHO 3/10-
POBOTO KOHTpajaTepaJibHOTO cycTaBa. Bl pazpaboTaH criocob BpI6OPA TAKTUKY MMILIAHTALIMM BEPTIIYSKHOTO
KOMITOHEHTa, OCHOBAaHHbII Ha IeTaJIbHOM omnmcanuy nedexra u gedopmanm BepTIy>KHOM BIIagMHbL. BTOphIM
3TAroM O6bUIM MTPOAHAIM3MPOBAHbI PE3Y/IbTAThI JIEUeHUS MAI[MEeHTOB, KOTOPBIM IUTAHMPOBAHME U OTlepaTUBHOE
JieyeHMe 66110 TpoBeaeHo B cpoky ¢ 2020 mo 2022 T. ¢ UCITOAb30BaHMEM ITPEIJIOKEHHOTO CII0co06a.
Pezynomamot. B xone npoBeieHNsT TIeEPBOTO STana UCCaefoBaHus GbIIO BbISBIEHO, YTO M3MeHeHMe MoKa3a-
TeJell CMellleHus LieHTpa poTanuu 1 u3mMmeHeHue odcera 6ojee yeM Ha 8 MM YBeJIMUMBAET BEPOSTHOCTDb pas-
BUTHUS OCJIOKHEHMI Ha 17,9%. BoccTaHOBIeHME IIeHTpa poTaluy 1 odceTa IMO3BOJISET COKPATUTD KOJIMUIECTBO
ocsIokHeHu Ha 22,3%. [IpeajioskeHHbIN CITOCO6 TT03BOJISIET BOCCTAHOBUTD aHATOMMUYECKIE B3aVIMOOTHOIIEHMS
B Ta300epeHHOM CYCTaBe ¥ CHM3UTH 00OIIee KOJIMUYECTBO OCIOKHEHNI Ha 10%.

3axmouenue. IIpenioxkeHHbIN c1I0CO6 BbIOOPA TAKTUKM MMILIAHTALIMY BEPTIYKHOTO KOMITOHEHTA TI03BOJISIET
KaueCTBEHHO U KOJMUEeCTBEHHO OMMCaTh MMaTOJ0TMYecke M3MeHeHs KOCTHOM TKaHM BepPT/IY>KHOM BIaMHBbI.
B 3aBMCHMMOCTM OT CTenleHM CMeNeHMsI IIeHTPpa POTalui, CTEHOK BePT/IYsKHON BIIaiMHbBI U XapakTepa gedexra
OTIOPOCIIOCOOHOI KOCTHOM TKaHU XMPYPT MOKET OTNPeesATh TAKTUKY OMepaTUBHOTO JeUeHNs.

KiioueBble c10Ba: SHAOMPOTE3UPOBAHNE TAa300eAPEHHOrO CyCTaBa, MOCTTPaBMAaTUUYECKIIT KOKCapTpo3, Je-
(dexT BepT/IYysKHOI BITaguHbl, Kiaaccudukaius, npegonepaluoHHoe IaHUPOBaHMe.

MMpoHckux A.A., PomanoBa C.B., JlykmnoB B.JI., BasnoB B.A., Mamynagse T.3., Kopeitkua A.A., TlaBnoB B.B.
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BACKGROUND

Nearly 1 million hip arthroplasties are per-
formed in the world annually. This type of hip
replacement in patients with acetabular injury
consequences refers to complicated cases of ar-
throplasty due to acetabular defects and post-
traumatic deformities. Literature data describe
multiple ways of surgical treatment of this cat-
egory of patients that is focused on achieving
stable primary fixation of components, replacing
bone defects with transplants or augments, im-
planting acetabular component in the true center
of rotation in order to restore biomechanics of
the affected joint [1, 2, 3].

Nowadays there is no common evaluation sys-
tem of post-traumatic changes in the acetabulum
such as defects and deformities, that significant-
ly complicates the analysis of results of primary
arthroplasty and development of system ap-
proach when choosing surgical tactics [4]. Trying
to describe the localization and the character
of pathologic changes, most authors use either
acetabular fractures classifications [5, 6, 7], or
periacetabular osteolysis classification, such as
AAOS [8], DGOT [9], classifications of A.E. Gross
and K.J. Saleh [10], W.G. Paprosky [11].

However, both approaches are not without
significant disadvantages. Attempts to use the
classification of acute pelvic damages for evalua-
tion of post-traumatic changes of the acetabulum
during the primary replacement are incapable to
reveal all aspects that might significantly affect
the choice of surgical tactics enabling stable and
correct implantation of acetabular prosthesis
component. Descriptive systems for revision ar-
throplasty cannot fully reflect the state of bone
tissue in the context of post-traumatic acetabular
changes. Careful preoperative planning based on
visualization and description of acetabulum de-
formity and post-traumatic defect of bone tissue
is necessary to develop a surgical plan, to choose
correct implant size and type and to decide upon
the necessity of bone grafting.

In our study we suggested the following hy-
pothesis: creation of descriptive system based
on qualitative and quantitative evaluation of
deformity and defect of bones forming the ac-
etabulum enables to plan the spatial attitude of
acetabular component as well as the type of its
fixation and the extent of osteoplasty necessary
for restoration of correct biomechanics of the hip

joint. Application of this system will allow to im-
prove clinical and functional treatment results of
patients with post-traumatic hip osteoarthritis.

METHODS

Treatment results of 194 patients with acetabular
injury consequences were analyzed in the study.
All patients underwent total hip arthroplasty at
Novosibirsk Research Institute of Traumatology
and Orthopedics n.a. Ya.L. Tsivyan between 2014
and 2022. The study was retrospective.

Study inclusion criteria:

— unilateral grade 3 post-traumatic hip
osteoarthritis;

— AAOS type II-IV defect of the acetabulum
[12];

— age of more than 18 years;

- availability of radiographic examination re-
sults (X-rays, multislice spiral CT) and medical
records concerning preceding trauma.

Presence of active inflammation or infection
at the surgical site at the time of admission to the
hospital was considered as an exclusion criterion.

Among the patients were 147 men and 47
women, their mean age at the time of total hip
arthroplasty was 52.2+10.1 years.

Average time after the trauma was 4.6%0.3
years. Fracture type analysis according to AO/
ASIF classification was performed basing on the
presented medical records and X-rays [12].

For the study we advanced the hypothesis that
the restoration of hip joint anatomy as close to
the intact contralateral joint as possible, allows
to improve functional treatment result and to re-
duce complications, associated directly with the
method of surgical treatment.

To verify the hypothesis, all patients were di-
vided into two groups at the stage I of the study.
Group allocation was performed depending on
the degree of restoration of such parameters as
triplane displacement of the center of rotation
and femoral offset of the operated joint in com-
parison to the contralateral joint (Fig. 1).

Group 1 included 56 patients, who had no
more than 8 mm discrepancy between the values
of displacement of the center of rotation and be-
tween the values of offset. Group 2 enrolled 138
patients who had more than 8 mm difference at
least in one of the parameters. Threshold value of
8 mm for group allocation was determined by the
performed statistical ROC analysis.
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Stage | of the study
194 patients with consequences of
acetabulum injury

Multislice spiral CT and detecting
correlation between the
displacement of the center of
rotation and the offset > 8 mm and
clinical result

v

[ Analysis of outcomes )

Group 1
56 patients

Fig. 1. Flowchart of the I stage of the study

Patient characteristics of the stage I of the
study is presented in the Table 1.

Allocation was performed depending on the
defect type according to AAOS classification. [8].
Type 2 and 3 defects were predominant in both
groups. Type 5 defects were identified in group 1
in 2 cases.

During the stage I of the study we developed
the method that allowed to determine surgical
tactics of acetabular component implantation
of total prosthesis. Stage II of our study was car-
ried out to analyze the method efficacy. Patients
were divided into two groups. Group 1 included
45 patients who underwent preoperative plan-
ning between 2020 and 2022 with the application
of suggested method. Surgical tactics was chosen
according to this method as well. Group 2 (con-
trol group) included 149 patients who underwent
conventional preoperative planning (plane tem-
plates, virtual planning program) between 2014
and 2019 (Fig. 2). Gender and age characteristics
are presented in the Table 2.

Table 1
Characteristics of patients at the stage I
of the study
- Group 1 Group 2
Characteristics n=56 n=138
Mean age, y.o., M£SD 52.55+11.68 52.24+13.66
Men/women 41/15 104/33
Time after injury, 3.81+0.34 5.17+0.49
years, M+SD

Stage Il of the study

194 patients with post-traumatic hip
osteoarthritis

Original method
based on the 3D
visualization
(45 patients)

v
Selection of patients by Group 2
planning method Conventional
method - planning
+ based on the
X-rays
(149 patients)

S

Analysis of outcomes )

Fig. 2. Flowchart of the II stage of the study

Table 2
Characteristics of patients at the stage II
of the study
. Group 1 Group 2
Characteristics (2020-2022) | (2014-2019)
Mean age, y.o., M£SD 53.74%12.55 51.89+13.26
Men/women 34/11 113/36
Time after injury, 5.23+7.16 4.63%5.45

years, M£SD

Assessment of results

Hospital length of stay, surgery duration and in-
traoperative blood loss were compared in order
to evaluate clinical results. Functional results
were assessed by the means of statistical analy-
sis of joint function according to Harris Hip Score
(HHS) and intensity of pain according to visual
analogue scale (VAS). These scores were com-
pared between all groups before the surgery and
6 months after it. Structure of complications was
analyzed separately.

Statistical analysis

Mann-Whitney U-test was used for comparison
of continuous variables between the groups.
Two-tailed Fisher's exact test was applied for
binary and categorical variables comparison.
Identification of pairwise association between
continuous variables was performed by calcu-
lating the Spearman rank correlation coefficient
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with evaluation of achieved level of significance
p. Statistical hypothesis testing was carried out
at the level of significance p=0.05, i.e., the dif-
ference was considered statistically significant
in case of p<0.05. ROC analysis was used to as-
sess correlation between the complications
and the value of displacement of the center of
rotation.

RESULTS
Stage I study results

Total amount of complications and clinical and
functional treatment results was analyzed with
the use of logistic regression method with defini-

100
|
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Specificity., %

tion of correlated covariants. It was determined
that the variation values of vertical and anter-
oposterior displacement of the center of rotation
and offset change of more than 8 mm increased
statistically significantly increased the risk of
complications by 17.9% with the sensitivity index
of 66.7% and specificity of 79% (Fig. 3).

When the threshold value of spatial variation
of the center of rotation and offset was identified,
two experimental groups were formed: group 1
with displacement of less than 8 mm; group 2 with
displacement of more than 8 mm. Evaluation of
clinical results of the stage I of the study included
analysis of hospital length of stay, intraoperative
blood loss, surgery duration (Tab. 3).

Structure of complications is presented in the
Table 4. Functional results 6 months after the
surgery are reported in the Table 5.

Fig. 3. Receiver operating characteristic (ROC)
curve (threshold value 17.9).

Automatic multifactorial optimal predictive
model of complications

Table 3
Clinical outcomes at the stage I of the study (M*SD, Me, min-max)
o Group 1 (displacement Group 2 (displacement
Characteristics less than 8 mm) more than 8 mm) b
Hospital length of stay, days 9.20£3.46 11.01%6.01 0.013*
8 9
3-22 4-43
Blood loss, ml 310.89+150.72 374.09%237.49 0.104
300 300
100-700 200-2000
Surgery duration, min. 85.80%41.56 89.39%40 0.390
75 80
35-300 40-300

* — hereinafter: result is considered statistically significant.
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Table 4
Structure of complications at the stage
I of the study, %
Group 1 Group 2
L (displacement | (displacement
Type of complication less than more than
8 mm) 8 mm)
Surgical site infections 0 4.3
Recurrent dislocation 0 3.2
Aseptic loosening 0 2.1
Neuropathy 0 9.7
Periprosthetic fracture 2.4 54
Table 5

Functional results in 6 months at the stage
I of the study, points

Scale Group 1 Group 2 p
VAS 2.66%1.28 2.47%1.26 0.334
HHS 84.87+9.18 | 78.12+9.01 | <0.001*

Analysis of the stage I study results showed no
statistical difference in such parameters as sur-
gery duration and blood loss. These results are
due to the fact that all surgical interventions were
performed by the same surgeons using the same
methods. Difference in hospital length of stay is
explained by increased number of complications
in the group 2 (patients in whom the anatomical
relationships in the operated joint were restored
in a lesser extent). The fact that the group 1 pa-
tients had no such complications as recurrent
dislocation and neuropathy of different portions
of sciatic and femoral nerves deserves special at-
tention. When analyzing joint functions accord-
ing to HHS, statistically significant improvement
of treatment results was obtained in the group
of patients who had anatomic relationships re-
stored maximally similarly to the contralateral
joint. Studying in details the restoration results
of such parameters as offset and spatial displace-
ment of the center of rotation, we revealed sig-
nificant correlation between the degree of offset
variation and joint function (Fig. 4)

Results obtained at the first stage of our study
showed the need of careful preoperative plan-
ning and intraoperative restoration of anatomic

parameters in the operated joint. Accumulating
clinical material and analyzing intermediate re-
sults, during the first stage of the study we de-
veloped a method of preoperative planning for
restoration of anatomy, improvement of cur-
rent preoperative planning method and selec-
tion of surgery type for acetabular component
implantation. This method was based on the
stage-by-stage verification of pathologic struc-
tural changes of the acetabulum and included the
measurement of two parameters, namely degree
of deformity and acetabular defect size.

S =3.94e+05, p = 6.526-03, Pspearman = 0.22, Clagy, [0.06, 0.38], 1pays = 145

Harris

051015

0 10 20 30
Offset after surgery

Fig. 4. Correlation between offset
after surgery and joint function changes
on the Harris Hip Score

Multislice spiral computed tomography
of pelvis and hip joints is performed at first.
Contralateral joint must be intact. Spatial axes
of pelvis are lined, reference angles and lines
are measured by mirroring the landmarks on the
affected side. Studied parameters include dis-
placement of the center of rotation, acetabulum
deformity and defect of its weight-bearing bone
tissue by segments. Deformity (displacement of
acetabular walls) is defined after measuring the
bone density according to the Hounsfield scale in
the range from 200 to 400 HU. Native anatomic
center of rotation of the intact hip joint having
been detected, its hemisphere is determined and
is divided into 3 sectors corresponding to pubic,
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ischiatic and supraacetabular parts of acetabu-
lum. These sectors are denominated as P (pubis),
Il (ilium) and Is (ischiadicum). To define the sec-
tor of the corresponding size, geometric figure
matching is performed using the library formed
with the range of sizes with 1 mm interval. The
sector is positioned so that no less than 75% of its
base surface would be in contact with the weight-
bearing dense bone tissue and its top would cor-
respond to the center of rotation. When the sec-
tor with known parameters of volume and surface
area is chosen correctly and is well-aligned, these
parameters are described for each sector that cor-
responds to pubic, ischiatic and supraacetabular
surface of the acetabulum (Fig. 5).

After measuring the quantitative parameters
(area, sector volume) the values obtained are mir-
roring on the pathologic side by transferring the
center of rotation which is considered the refer-
ence point for spatial arrangement of geometric
figures. Resulting graphic presentation is con-
sidered the norm for this joint. These parameters
are denominated as normal. Pathologic sectors of
each surface are measured from the mirrored
center of rotation and are defined by choosing vir-
tual sectors under the condition that no less than
75% of figure area would be in contact with the
weight-bearingbone tissue of the segment.In order
to implement this idea, we formed a virtual library
of hemispheres and sectors with radius interval of

2 mm. Since the geometry of acetabular area de-
fect is unique in each particular case, we devel-
oped a sector scale with 2 mm interval in order to
put in practice the offered technology of defect as-
sessment using virtual designing method (Fig. 6).

Formation of test sectors library is performed
via scaling method with the use of standard set
of functions of the NetFabb software (Autodesk,
USA). This technology of application of size- and
volume-defined sectors for evaluation of pelvic
bones defects especially in the acetabular area
does not require specific knowledge and is avail-
able on any platform compatible with the *.stl
format. The main advantage of this library is the
simplicity of processing and receiving informa-
tion on the defect. Obtained quantitative data
are compared with normal ones. The area differ-
ence presented in percentage terms is denomi-
nated as weight-bearing bone tissue deformity,
while the volume difference — as pathologic seg-
ment defect. Considering the discrepancy of de-
formity and defect severity between pathologic
and normal segments, all changes are divided
into 5 types: under 25%, from 26% to 40%, from
41% to 60%, from 61% to 80% and beyond 80%.

All parameters being defined, we compose
characteristics of deformity and defect using
quantitative numerical description of parameters
separately for each acetabular segment (P - pel-
vic, Is - ischiatic, Il - iliac).

Fig. 5. Virtual model with plotted planes and axes
for quantitative measurements

Fig. 6. Virtual model after the selection of sectors
for measurement
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Basing on the clinical experience of the in-
stitute, domestic and foreign publications, we
developed indications for application of differ-
ent types and methods of fixation of acetabular
components that depend on acetabulum deform-
ity and defect degree. In our opinion, the main
goal when performing arthroplasty is to restore
anatomic and biomechanical relationships in the
joint including the center of rotation and acetab-
ular offset by achieving stable component fixa-
tion with 3 support points of the acetabulum and
bone defect replacement.

In case of P I defects, the press-fit fixation
and conventional uncemented acetabular com-
ponents are possible, taking into account insig-
nificant bone tissue loss and retention of weight
bearing of the anterior acetabular column. Bone
grafting is performed in case of bone tissue defi-
cit in the area of pubic bone base. Both bone
chips made of femoral head and alloplasty are
possible. Use of fixing screws is up to the surgeon
to decide in case of concomitant defects of other
acetabular parts.

Is I defects also refer to insignificant ones and
require optional bone or autogenous bone graft-
ing in case of intact femoral head or alloplasty.
With regard to sufficient volume of weight-bear-
ing bone tissue of the posterior column, it is nec-
essary to strive for press-fit fixation with the use
of uncemented acetabular component.

In case of Il I defects, the acetabular structure
is intact, so that the defect replacement does not
require bone grafting. Uncemented fixation of
the acetabular component is indicated. If neces-
sary, the surgeon can also use screws to achieve
greater stability.

Type I corresponds to insignificant changes.
Preserved weight-bearing bone tissue of the ac-
etabulum is enough to apply the press-fit fixa-
tion. Bone grafting is optional and is used in case
of the defects located in the anterior or posterior
column area only. Surgical intervention presents
no technical difficulties and use of conventional
acetabular components is possible.

Bone tissue loss in case of P II defects refers
to moderate. However, combination of bone tis-
sue loss in the anterior and posterior columns
requires fixation with screws that are introduced
not only in the supraacetabular area by sectors,
but also in the pubic and ischial bones. That
means that uncemented acetabular components

with the big number of holes for polyaxial screws
are needed. Combination of moderate anterior
column defect and insignificant defects of other
sectors prompts to use press-fit fixation by im-
planting large size acetabular component.

Is II defects also refer to moderate ones. If
there are no defects of other sectors, large size
acetabular component or acetabular component
with polyaxial screws are possible. However, in
case of moderate defects of all areas, posterior
column reconstruction is necessary and includes
its defect replacement by buttress augment to
achieve the wedging effect. Bone grafting is op-
tional, as the use of structural transplant will not
allow to reach stable press-fit fixation.

Il II defects require replacement of the su-
praacetabular area defect using either buttress
transplant made of femoral head, or hemispheric
augment, if the bone quality is poor. Posterior col-
umn being preserved, large size acetabular com-
ponent with polyaxial screws is recommended.

Type II defects are considered moderate and
admit surgical intervention using conventional
implants. However, supraacetabular bone stock
and posterior column defects require replace-
ment to achieve press-fit fixation. Bone grafting
is recommended only in case of supraacetabular
area defects. Cemented fixation of components is
possible in none of the cases, as the presence of
moderate defects will lead to incorrect execution
of cemented arthroplasty and absence of acetab-
ular component stable fixation.

P III defect refers to significant one due to the
evident absence of weight-bearing bone in the
anterior column of the acetabular area. In case
of isolated P III defect, it is possible to use large
size acetabular component with polyaxial fixing
screws that must be inserted into all segments
of acetabulum to achieve stable fixation. If P III
defect is associated with significant sectors’ de-
fects, the use of individual acetabular component
of simple geometry, if possible, is recommended.
This facilitates reaming of the acetabulum and
increases variability of intraoperative compo-
nent positioning. Bone grafting is performed
with bone chips only, as soon as the use of struc-
tural transplant does not allow anterior column
weight bearing.

Is III defect is significant. If significant posteri-
or column defect is associated with insignificant
or moderate defects of other sectors, the recon-
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struction of the posterior column with buttress
augment or combination of buttress and spheri-
cal one is required. In case of isolated Is III defect
it is indicated to use large size acetabular compo-
nent with polyaxial fixing screws that are man-
datory inserted into all segments of acetabulum
to achieve stable fixation. If significant defects of
all three sectors are present, implantation of in-
dividual acetabular components of mainly simple
geometry is recommended. Bone grafting with
structural transplant is not used.

ITIII defect refers to significant, where the frac-
tion of weight-bearing bone is up to 60%. In this
situation isolated defect of supraacetabular bone
stock requires defect replacement with hemi-
spherical augment or osteoplasty and implanta-
tion of acetabular component with uncemented
fixation in order to provide stability. If significant
defect of supraacetabular area is associated with
moderate defects of the anterior and posterior
columns, it is recommended to use large size ac-
etabular component with polyaxial screws, that
can be introduced in all areas of acetabulum. In
case of significant defects of all sectors we sug-
gest to use individual acetabular component of
mainly simple geometry with obligatory preop-
erative planning of direction and length of fixing
SCrews.

P IV defects are subtotal. It is recommended to
use individual acetabular component with resto-
ration of pubic sector defect and obligatory screw
fixation to other regions of acetabulum in case
of isolated or complex deficit of weight-bearing
bone in the anterior column area. The main re-
quirement to this component is the holes for pol-
yaxial screws to be introduced into the thickest
bone areas, as soon as conventional components
do not provide stable fixation. Components of
simple geometry are preferred, because complex
constructs require significant correcting of the
bone bed in case of even minimal technical in-
accuracy during their production, which can lead
to component positioning that differs from the
planned one. Alternative method is stage-by-
stage surgical treatment with anterior column
reconstruction via intrapelvic approach with its
plate osteosynthesis.

Is IV defects also make it impossible to use
conventional acetabular components. Method of
choice is individual components with the resto-
ration of posterior column defect and polyaxial

screw fixation to other areas of the acetabulum.
In that case careful preoperative planning and
simulation of screw insertion direction are essen-
tial. It is recommended to use not only individual
component, but also individual guide to make
holes for screw insertion. Alternative method is
stage-by-stage surgical treatment with plate re-
construction of the posterior column.

Il IV defects require obligatory replacement of
subtotal defect of supraacetabular bone stock.
In case of isolated defect, the implantation of
large size acetabular component with polyaxial
screws is possible. However, this method re-
quires the system of augments, both buttress
and thick hemispherical ones. In case of su-
praacetabular bone deficit associated with sig-
nificant or subtotal defects of other regions of
the acetabulum the preference should be given
to individual acetabular components with pol-
yaxial screws.

Type V defects are total. In that case the in-
tegrity of the acetabulum is violated, so that the
fixation of conventional acetabular component
in one or in all sectors is impossible. The main
pathologic components of this type of defects are
destruction of obturator foramen or iliac bone,
that impairs the stability of the pelvic ring. Thus,
the only arthroplasty option is to use individual
acetabular components with complex geometry
with extraacetabular fixation to intact parts of
the pelvis. For example, components with fixa-
tion to the sacral bone, to the contralateral pubic
bone etc. Decision upon the use of these indi-
vidual components requires careful preoperative
planning.

Stage II study results

Analysis of results concerning application of the
suggested method was performed at the stage II
of the study. Clinical outcomes are displayed in
the Table 6, structure of complications — in the
Table 7.

Analysis of clinical results showed that the
hospital length of stay was statistically signifi-
cantly greater in the group of patients, who un-
derwent conventional preoperative planning.
This is due to the fact that the number of com-
plications increased by 10%. We have compared
the values of displacement of the center of rota-
tion and offset in both groups in order to verify
our hypothesis that the suggested method al-
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lows to restore anatomical relationships in the
hip joint more effectively and precisely (Tab. 8).

Table data enable to conclude that optimal
preoperative planning, application of algorithm
of acetabular component selection and method
of its fixation permit more accurate restoration
of the operated joint anatomy.

Patient scores according to VAS and HHS were
analyzed at the stage II of the study to assess
functional outcomes (Tab. 9).

Presented data, as well as the stage I study re-
sults, show the dependence of the joint function
changes on the restoration of the center of rota-
tion and the offset.

Table 6
Clinical outcomes at the stage II of the study (M*SD, Me, min-max)
- Group 1 Group 2
Characteristics (2020-2022) (2014-2019) b
Hospital length of stay, days 9.89+6.91 10.67%£4.92 0.020*
8 8
5-38 7-43
Blood loss, ml 392.39+198.60 344.29%222.42 0.067
350 300
150-1000 100-2000
Surgery duration, min. 96.74%43.57 85.73%39.12 0.090
85 75
50-80 35-300

Structure of complications in groups
at the stage I of the study, n

Displacement of anatomical markers in
comparison with intact contralateral joint,

+
Type of complication Group 1 Group 2 mm (M=SD)
(2020-2022) | (2014-2019)
Characteristics Group 1 Group 2 p
Total complications 3 25 (2020-2022) | (2014—2019)
Surgical site 9 3 Vertical 3.72%3.69 | 10.20%6.77 | <0.001*
infections displacement
Dislocation 1 4 Horizontal 5.87+3.96 | 9.40%6.25 | <0.001*
displacement
Neuropathy 0 o Anteroposterior | 2.09t1.21 | 4.48+4.65 | 0.027*
Instability 0 2 displacement
Other 0 7 Offset 4.20+2.85 | 7.76+6.25 | <0.001*
Table 9
Functional results 6 months after the surgery at the stage II of the study, points
Scale Group 1 (2020-2022) Group 2 (2014-2019) p
VAS 2.65%0.92 2.48%1.36 0.112
HHS 85.91%6.15 78.21%£9.69 <0.001*
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DISCUSSION

AAOS classification, popular in the USA, allows
to describe rather accurately the defects of any
etiology (both post-traumatic and post-implan-
tation) and represent its character. However,
this classification does not reflect the severity of
changes and only in small extent helps to deter-
mine the defect restoration tactics and implan-
tation technique of the acetabular component
[12]. Apart from the stable fixation of the compo-
nents and defect replacement, several key points
should be considered in order to achieve good re-
sults. These key points include the accurate res-
toration of the femoral offset, limbs length and
center of rotation [13, 14].

Number of publications are known to ad-
dress the tactics of patients’ surveillance, who
have post-traumatic acetabular deformities
[15, 16, 17]. The closest analogues to the suggest-
ed method were described by A.V. Tsybin et al. [4]
and D.V. Martynenko et al. [18]. R.M. Tikhilov et
al. single out three grades of post-traumatic de-
formity of the acetabulum based on the degree
of the femoral head displacement [19]. Authors
suggest several options for the type of acetabular
component and method of its fixation depend-
ing on the severity of pathologic process. That
method rests on the analysis of plane X-rays and
is generalized. Moreover, the degree of the head
displacement cannot always be described in de-
tails due to its absence or marked destruction.

D.V. Martynenko et al. proposed a way of de-
scription of acetabular deformities with the use
of two-dimensional plane X-rays, based on the
identification of the acetabular square — standard
position of spheric femoral head or hemispheric
acetabular component in the acetabulum [18].
The disadvantage of this method is its variability.
Authors suggested 25 variants of acetabular de-
formities, but that method appeared to be diffi-
cult for clinical application. Moreover, the evalu-
ation is performed using two-dimensional plane
X-rays, that reduces the diagnostic value of the
method. Assessment of degree of deformity se-
verity is rather subjective and does not provide
accurate quantitative characteristic of post-trau-
matic defect and acetabular deformity.

AV. Tsybin et al. registered an invention,
ASPID descriptive system, that allowed to in-
crease the accuracy of acetabular deformity anal-
ysis and to develop a verified approach to the

surgical treatment [4]. This method implies the
estimation of displacement degree in CT scans;
the diagnostics is based on three criteria: locali-
zation (by acetabular walls), degree of displace-
ment and continuity of pelvic ring (disrupted
or integer). Stage-by-stage identification of de-
formity components (degree of displacement of
separate acetabular walls and center of rotation)
and the principle of assessment of acetabular
walls displacement are the main differences of
our method. CT 3D reconstruction models, i.e.,
images that are cleared from noise and implants
and visualized by Hounsfield’s scale between 200
and 400 HU, are used for analysis by the contrast
with A.V. Tsybin’s invention [4].

CONCLUSION

Results of our study revealed the correlation be-
tween the degree of restoration of anatomical re-
lationships in the operated joint and functional
outcomes of treatment. Displacement of the
center of rotation or the femoral offset for 8 mm
or more is the threshold value, and it is possible
to expect increase of complication rate and wors-
ening of functional results in case of its overrun.
Total hip replacement in patients with post-trau-
matic defects and deformities of the acetabulum
requires careful preoperative planning and is
considered as a complicated case of arthroplasty.
Presented method of volume imaging allows to
describe pathologic changes of the acetabular
bone tissue in quantitative and qualitative way.
Surgeons can define the tactics of surgical treat-
ment depending on the degree of displacement
of the center of rotation and acetabular walls and
the characteristics of defect of weight-bearing
bone tissue. Analysis of the application of this
method shows the decrease of total number
of complications by 10%, as well as improvement
of functional and clinical results.
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Surgical Approaches for Triple Pelvic Osteotomy in Children With Hip
Dysplastic Instability: Assessment of Muscle Damage

Pavel 1. Bortulev, Tamila V. Baskaeva, Dmitriy B. Barsukov, Ivan Yu. Pozdnikin

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

Background. The invasiveness of surgical approaches for hip surgeries is primarily determined by the severity of
the muscle injury. To date, surgeons use from one to three surgical approaches for osteotomy of the pelvic bones
and acetabulum reorientation. An analysis of the scientific literature showed the lack of studies comparing the
muscle trauma at different surgical approaches for triple pelvic osteotomy in children.

The aim of the study — to evaluate the degree of muscle injury during triple pelvic osteotomy through various
surgical approaches in patients with developmental dysplasia of the hip (DDH).

Methods. The study included 70 patients (70 hip joints) aged 12-18 years (15.2+1.4) with Crowe type I DDH
treated between 2020 and 2021. All children were divided into two groups: group I consisted of 35 patients (35
hip joints) who underwent triple pelvic osteotomy using an anterolateral approach, group II — 35 patients (35
hip joints) who underwent triple pelvic osteotomy through two approaches (medial and bikini). In addition
to standard radiometry of hip joints, pain severity based on the visual analog scale (VAS) and blood markers
levels of muscle injury (lactate dehydrogenase, creatine phosphokinase, aspartate aminotransferase and
C-reactive protein) were evaluated before and at 3" and 7t days after surgery.

Results. Pain severity assessment by VAS was more pronounced (p<0.05) in patients who underwent surgery
using an anterolateral access. Values of CPK and C-reactive protein significantly (p<0.05) exceeded those in
patients who underwent triple pelvic osteotomy through two surgical approaches. The results of the study
indicate greater hip muscles trauma during the anterolateral approach for triple pelvic osteotomy.

Conslusion. The use of anterior-lateral approach when performing triple pelvic osteotomy in children with
Crowe type I DDH causes more (p<0.05) muscle tissue trauma compared to two surgical approaches (medial and
bikini). This is evidenced by a significant increase of creatine phosphokinase and C-reactive protein, as well as
a more severe pain syndrome in the immediate postoperative period.

Keywords: developmental dysplasia of the hip, surgical approaches, triple pelvic osteotomy, pain syndrome,
biochemical markers of muscle trauma.
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OueHka TpaBMaTUYHOCTU XUPYPrMYeCcKMX AOCTYNoB
NP1 BbINOJIHEHWUM TPOMHOM OCTEOTOMMM TA3a Y AeTel C AUCMNACTUYECKON
HeCTabunbHOCTbIO Ta306eApPEHHOro CycTaBa

I1.1. boprynés, T.B. backaesa, [I.b. bapcykos, U.10. [To3gHuKMH

OI'BY «HayuoHanwbHwlli MeduyuHckuii uccredosamenvckuii yeHmp 0emckoti mpasmamosiozuu u opmoneduu
um. I 1. Typrepa» Mun3zdpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

AxmyanvHocms. VIHBa3¥BHOCTb U TPABMaTUYHOCTb XMPYPIrUUECKUX JOCTYIIOB IIpU NIPOBEEHMUM OnepaLuii Ha
Ta300eIpeHHOM CyCTaBe B IIEPBYIO Ouepedb ONpeaesieTcsl BeTMUMHON MbIIIEUHOI TpaBMbl. Ha ceromHsrHmit
JleHb JJIs1 OCYILECTBIEHMSI OCTeOTOMMIA KOCTel Ta3a M peopueHTal MM BepTIy)KHOI BHagVMHbI OPTOIefaMu UC-
IOIb3YyeTCs OT OAHOTO 0 TPeX XUPYPruyeckKux JOCTYIIOB. AHa/IN3 MUPOBOI M OTEUeCTBEHHON Hay4YHOI 1uTe-
paTypsl 1oKasaja OTCYyTCTBME UCCIeLOBaHUIA, MMOCBSILEHHBIX CPABHEHUIO TPABMAaTUYHOCTY Pa3/IMUHBIX XUPYP-
rMYeCKUX JOCTYIOB [JIsI BBIIIOJTHEHMS TPOMHO OCTeOTOMMM Ta3a y JeTeil.

Llenws uccnedosanus — onpenenuTb CTelleHb MbIILIEYHOM TpaBMaTMU3al U IIPU BHIIOTHEHMUM TPOMHOI OCTEOTO-
MMU Ta3a pasIMYHbIMU AOCTYIIAMM Y MAIVEHTOB C AUCILIa3Mell Ta306eIPeHHbIX CYCTaBOB.

Mamepuan u memodst. B uiccnenoanue Bomwu 70 mauyeHToB (70 Ta300eIpeHHBIX CYCTaBOB) B BO3pacTe OT
12 mo 18 ner (15,2%1,4) ¢ mucruiasueit Ta306eApPeHHBIX CYCTaBOB I cTermeHu mo kiaccudurauuyu Crowe, moy-
yaBIIMX JjeueHue B mepuom ¢ 2020 o 2021 r. Bce meTut 66111 pasaeeHbl Ha Be TPYIIIbI: I TPyIITy cocTaBuUIn 35
nauyeHToB (35 Ta306eAPEHHBIX CYCTaBOB), KOTOPHIM TPOIHYI0 OCTEOTOMMIO Ta3a BBITIOTHSIIN U3 TIepeJHe60KO-
BOro gocryta, II rpymmy — 35 naiueHToB (35 Ta306eApeHHBIX CYCTABOB), KOTOPBIM TPOIHASI OCTEOTOMMUS Ta3a
6bUIa BBITIOTHEHA U3 ABYX JOCTYIIOB — MeAVAIbHOTO TPAHCAALyKTOPHOTO U «OMKMHM». [[OMUMO CTaHIAPTHOIA
PEHTTEHOMETPUY Ta300eJpeHHBIX CYCTABOB, IO OMepalun U Ha 3-U, 7-e CYTKU TOC/Ie ee BbITIOTHEHUS OlleHU-
BaJIM BbIPasKEHHOCTH 601eBOTO cuHApoMa 1o BAIIl u ypoBeHb MapKepOB MbIIIEUHON TpaBMaTU3aI[UK: acrap-
taramuHoTpaHcdepassl (ACT), kpeatnndochokuHasel (KOK), nakratnernnporenasst (JIIAT) u C-peakTMBHOIO
6enka (CPB).

Pesynsmamet. IHTeHCUBHOCTH 6osieBoro cunapoma 1o BAII 6bu1a 60ee BbipaskeHHOIT (p<0,05) y manmueHTOB,
KOTOPBIM OTIEPALIVS BBITIOTHSIIACH U3 TIEpeJHE60KOBOTO IOCTYTIA, a 3HaueHus rmokasaresneiit KOK u CPB 3Hauu-
TenbHO (p<0,05) mpeBbIlIaaM aHAJIOTMYHbIE Y HAI[MeHTOB, KOTOPBIM TPOJHAsI OCTeOTOMMSI Ta3a ObLIa BBITION-
HEHa U3 ABYX XUPYPTUUYECKUX AOCTYIOB. [ToyyeHHbIe JaHHbIE CBUIETEIBCTBYIOT O GOMIbIIEN TpaBMaTU3AIUN
MBIIIILL 0671aCTH Ta306€IPEHHOTO CYCTaBa B XOZe BLITIOTHEHMS ITepeHe-60KOBOTO JIOCTYIIA JJIs OCYIIIeCTBIEHUS
TPOVHO OCTEOTOMMM Ta3a.

3axnrouenue. CpaBHUTENBHBIN aHAAM3 TPAaBMAaTUYHOCTY XUPYPIrUIeCKUX JOCTYIIOB, OCHOBAaHHBIN Ha OLIEHKe
OGMOXMMMYECKUX [TOKa3aTeleil MapKepOB MbIIIEUHO TPAaBMbI M MHTEHCUBHOCTM 6OJIEBOTO CMHAPOMA B IOC/IE-
OTIEPAIIIOHHOM ITePUO/Ie MIOKA3aJI, YTO IepeaHe-00KOBO TOCTYII IIPU BHITIOIHEHUM TPOITHOI OCTEOTOMUY Ta3a
y JleTeii ¢ qucIuiasueii TazobeqpeHHbIX cycTaBoB I crernenu mo Crowe NMPUBOAUT K OOJbIIEN TpaBMaTHU3AIUK
MbliIeuHoit TKaHu (p<0,05), uem IpuMeHeHMe ABYX XUPYPTUUECKUX JOCTYIOB (MeAUaTbHOTO TPaHCALAYKTOPD-
HOTO U «OMKMHM»), O YUEM CBUJIETETbCTBYIOT 3HAUMTENbHOE TNoBbieHe KOK u CPB B KpoBH, a Takke Gosee
BbIPasKEHHbIV 60JIEBOIT CMHIPOM B GiMsKalilieM Mocyie orepalyiOHHOM TIEPUOJE.

KiaroueBbie c1oBa: AMCIuiasus TaBO6e,ZLpeHHbIX CyCTaBOB, OeTHU, XUpyprmuyeckmue mocCTyIibl, TpOﬁHaﬂ OCTeOoTO-
Mus Ta3a, 6071eBOI1 CMHOPOM, OMOXUMUYECKIe MapKepbI MBbIILLIEUHO TpaBMaTuU3allnUn.

Boprynés I1.1., Backaesa T.B., Bapcykos [I.B., ITo3guuxkuua WN.1I0. OueHka TpaBMaTUMUYHOCTU XUPYPTUUECKUX TOCTYIIOB
TPV BBITIOTHEHUM TPOIHOI OCTEOTOMUM Tasa y JAeTeil ¢ OUCIIIaCTUYecKOoi HeCcTabMIbHOCTHIO Ta306eqpeHHOro
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BACKGROUND

The incidence of DDH does not tend to decrease
over time and, despite the modern possibilities
of its earliest possible detection, the percentage
of underdiagnosis remains at a fairly high level
[1, 2, 3, 4]. Underdevelopment of the acetabulum
arch creates conditions for cranial displacement
of the femoral head with the formation of hip
subluxation, and its first clinical symptoms ap-
pear already in adolescence due to the presence
of a site of local pathological load on hyaline car-
tilage [5, 6, 7].

Many domestic and foreign authors have
scientifically proven the high effectiveness of
triple pelvic osteotomy in the complex treat-
ment of DDH and coxarthrosis in children, ado-
lescents and young adults [8, 9, 10, 11, 12, 13].
Orthopedic surgeons use from one to three sur-
gical approaches to perform osteotomies of the
pelvic bones and to reorient the acetabulum [14,
15, 16, 17]. In addition, there are works devoted
to the implementation of triple osteotomy from
minimally invasive approaches [18, 19, 20, 21].
However, it should be noted that today there are
contradictions in the concept of "minimally in-
vasive approach". Thus, number of authors have
formed the opinion that approach with a cut of
the skin up to 10 cm is minimally invasive or
minimally traumatic, even if there is significant
injury to the periarticular muscles [22, 23, 24, 25].
In contrast to this opinion, other authors believe
that the term "minimally invasive/minimally
traumatic approach" means surgical approach,
in which no dissection of muscles and tendons
is performed, and the length of the skin inci-
sion does not matter much [26, 27]. In addition,
number of authors who perform triple pelvic os-
teotomy from more than one skin incision, insig-
nificant in length, also consider this technique
minimally invasive [28]. At the same time, the
invasiveness and traumaticity of approach is pri-
marily determined by the magnitude of muscle
injury, one of the ways to determine which is the
assessment of biochemical markers of muscle in-
jury: aspartate aminotransferase (AST), creatine
phosphokinase (CPK), lactate dehydrogenase
(LDH) and C-reactive protein (CRP) [29].

We conducted an analysis of foreign and do-
mestic scientific literature on the comparison of
the traumaticity of various surgical approaches
for performing triple pelvic osteotomy, which

showed the absence of such studies, which em-
phasizes the relevance of its implementation.

The aim of the study was to assess the degree
of muscle injury during triple pelvic osteotomy
using various approaches in patients with hip
dysplasia.

METHODS

Design of the study

A monocenter cohort prospective comparative
controlled study was performed.

The study is based on the results of clinical and
laboratory examination in the pre- and postop-
erative periods of 70 patients (70 hip joints) with
Crowe type I DDH aged 12 to 18 years (15.2%1.4),
who underwent triple pelvic osteotomy in the
period from 2020 to 2021. All patients, depend-
ing on the surgical approach used, were divided
into two equivalent groups. Group I consisted of
35 patients (35 hip joints) to whom triple pel-
vic osteotomy was performed by the generally
accepted in the Center anterolateral approach.
There were 30 female and 5 male patients. Group
IT included 35 patients (35 hip joints) who used
two surgical approaches: medial transadductor
and bikini approach. There were 28 female and 7
male patients.

Criteria for inclusion in the study:

- the presence of hip instability in the form
of hip subluxation (type I according to the Crowe
classification);

- no need to the proximal femur correction
surgery;

- absence of neurological, systemic and ge-
netic diseases;

- consent of the patient or his legal represent-
ative to participate in the study.

Exclusion criteria from the study:

- the presence of hip instability in the form
of marginal, supraacetabular and iliac hip dis-
location (types II-IV according to the Crowe
classification);

- the need to perform intra-articular manipu-
lations and osteotomy of the femur;

- the presence of neurological, systemic and
genetic diseases;

- refusal to fill out an informed consent to
participate in the study;

- the occurrence of surgical site infections in
the postoperative period.
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Surgical technique

Anterolateral approach. The patient's position on
the table is lying on the contralateral side of the
affected joint. An angular incision of the skin and
subcutaneous fat is performed from the anterior
superior iliac spine to the border of the femur
diaphysis upper thirds 15-20 cm long. Dissection
of tensor fascia lata repeats the incision of the
skin with an additional cross section posteriorly
at the level of the greater trochanter in order to
perform manipulations on the sciatic bone. After
dissection of the gap between M. gluteus medius
and M. tensor fascia lata and the iliac wing isola-
tion dissection of the cartilaginous apophysis of
the iliac crest is performed, followed by subperio-
stal isolation of the iliac bone body, into which a
jiggly saw is carried out. The next stage is per-
formed subperiostal isolation and osteotomy of
the pubic bone medial to the Y-shaped cartilage
or crest-shaped tubercle as close as possible to
the acetabulum. After dissection of n. ischiadicus
subperiostal isolation and periacetabular oste-
otomy of the sciatic bone cranial to the attach-
ment site of lig. sacrotuberosus are performed.

After that, an osteotomy of the iliac bone body is
performed, followed by reorientation of the liber-
alized acetabulum (Fig. 1).

Medial transadductor approach and bikini
approach. The patient's position on the table
is supine. On the lower limb, in the flexion and
abduction position on the affected side, a trans-
verse incision of the skin and subcutaneous fat
is performed in the projection of the tendon m.
adductor longus up to 4 cm long. A channel to the
sciatic bone is formed bluntly in the intermus-
cular space. After subperiostal isolation with an
osteotome, its periacetabular osteotomy is per-
formed. The next step is an incision of the skin
and subcutaneous fat 1 cm below the iliac wing
along the inguinal fold up to 15 cm long. After the
fascia dissection the n. sutaneous femoris later-
alis is visualized, isolated widely and displaced.
In the interval between m. tensor facia lata and
m. sartorius, the iliac wing is isolated, followed
by dissection of its cartilaginous apophysis, sub-
periostal isolation of the iliac body and the jiggly
saw insertion into the sciatic notch. Further ma-
nipulations did not differ from similar ones per-
formed from an anterolateral approach (Fig. 2).

Fig. 1. A triple pelvic osteotomy through an anterolateral surgical approach:

a — X-ray of patient 12 y.o. with Crowe type I developmental dysplasia of the hip before surgery;
b — X-ray after restoring the correct ratios between the pelvic and femoral hip components by
reorientation triple pelvic osteotomy;
¢ — surgical access after suturing
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Fig. 2. A triple pelvic osteotomy from two surgical approaches:

a — X-ray of patient 16 y.o. with Crowe type I developmental dysplasia of the hip before surgery;

b - X-ray after restoring the correct ratios between the pelvic and femoral components by reorientation
triple pelvic osteotomy;

¢ - surgical access after suturing

Research methods

In addition to the generally accepted clinical ex-
amination with the filling out of the VAS ques-
tionnaire and radiological research methods,
which included radiography in anteroposterior
and axial projections and computed tomography
of the hip joints, all patients were analyzed for
biochemical markers of muscle injury before sur-
gery and on the 3 and 7" days of the postopera-
tive period: LDH, CPK, AST, CRP. In addition, the
analysis of the surgery duration and the volume
of intraoperative blood loss was carried out.

Statistical analysis

Statistical analysis was carried out using the IBM
SPSS v 26 software package. The analysis of in-
dicators during treatment within groups of pa-
tients was carried out using the nonparametric
Wilcoxon criterion, comparison of indicators in
groups with different surgical approaches was
carried out using the nonparametric Mann—
Whitney U-test with an error probability of the
first kind less than 5% (p<0.05).

RESULTS

Patients of both groups, upon admission to the clin-
ic, presented complaints of pain with an intensity
of 4.5%0.8 points according to VAS, typical for DDH.
Gait disorder in the form of lameness was noted
in 100% of patients, and the average shortening
of the lower extremities was 1.4+0.3 cm. Excessive
rotational movements, a positive impingement test

(FADIR) was detected in 29 (83%) patients in the
first group and in 30 (85%) patients in the second.

The main indicators of the pelvic and femoral
joint components state obtained after radiometry,
as well as their ratios, are presented in Table 1.

The X-ray anatomical structure of the hip
joint in patients of both groups was character-
ized by changes typical of the dysplastic nature
of pathology and had no statistically significant
(p>0.05) intergroup difference [13, 30].

A biochemical study of the above-mentioned
markers of muscle injury, the results of which are
presented in Table 2, showed that their values
before surgery were within the reference interval
and had no statistically significant differences
(p>0.05) between the groups of patients.

All surgical interventions were performed by
experienced surgeons.

The average surgery time and the amount of
blood loss in group I were 93+10 minutes and
200.4£36.2 ml; in group II — 92#8 minutes and
166.7£38.0 ml, respectively. The average sur-
gery duration had no differences (p>0.05). At the
same time, the volume of intraoperative blood
loss in patients who underwent triple pelvic os-
teotomy from two approaches was statistically
significantly lower (p<0.05) than in the group of
patients who underwent a similar intervention
from an anterolateral surgical approach. There
were no neurocirculatory complications.

As a result of surgical treatment, hip joint sta-
bility was achieved in all patients of both study
groups (Table 3).
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Table 1

The values of the main radiometric parameters characterizing the anatomical structure
and spatial orientation of the acetabulum and proximal femur before surgery

Parameter

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

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

Sharp angle, deg.
Tonnis angle, deg.

Wiberg angle, deg.

53+3 (50-58); 52 (51-57)
22.4%2.6 (18-27); 22 (20-25)
5.042.6 (1-9); 5 (3-7)

53.6%3.5 (50-57); 54 (50-57)
23.1£2.5 (20-28); 23 (21-25)
4.6£2.7 (2-11); 4 (2-6)

Degree of bone 52.4+4.1 (45-59); 52 (50-56) 50.6+3.8 (46-53); 51 (46-53)
coverage, %
Cranial . .
displacement, mm 8+4 (2-16); 7 (5.0-10.5) 8.0+3.7 (3*15); 7.5 (5.0-11.8)
CDA, deg. 138.5%5.8 (125-150); 140 (135.0-141.8) 139.4%6.4 (125-150); 140 (135-142)
AA, deg. 35.5+3.7 (24-40); 36.7 (32.7-38.0) 36*4 (24-42); 36.8 (33.0-38.6)
CDA — cervical diaphyseal angle; AA — antetorsion angle.
Table 2
Values of biochemical markers of muscle traumatization before surgery
Parameter Group I Group II

M=SD (min-max); Me (25-75%) M=SD (min-max); Me (25-75%)
LDH, Unit/] 244%15 (189-272); 242 (236-258) 247.0%12.8 (226-276); 247 (238-257)
CPK, Unit/1 98.4%30.4 (62-169); 87 (78-114) 97.0£28.3 (68—-172); 89 (74-104)

Creatinine, mmol/1
AST, Unit/1
CRP, Mg/l

61.0£7.8 (61-169); 61 (54-67)
20.9+5.8 (11-32); 21 (15-25)
0.8+0.3 (0.3-1.2); 0.9 (0.5-1.0)

60.1£9 (45-78); 59 (53-67)
19.8+5.6 (10-32); 19 (15-24)
0.7+0.3 (0.2-1.3); 0.8 (0.5-1.0)

Table 3

The values of the main radiometric parameters characterizing the anatomical structure
and spatial orientation of the acetabulum and proximal femur after surgery

Parameter

Group I
M+SD (min-max); Me (25-75%)

Group II
M#SD (min-max); Me (25-75%)

Sharp angle, deg.

Tonnis angle, deg.

Wiberg angle, deg.

Degree of bone coverage, %
Cranial displacement, mm
CDA, deg.

AA, deg.

35.3+4.9 (28-45); 35 (31-38)
6.1£1.9 (3-9); 6 (5-8)
31.4+7.0 (18-40); 31 (27-39)
93.3+5.9 (80-100); 95 (90-100)

138.5+5.8 (125-150); 140 (135.0-141.8)
35.5%3.7 (24-40); 36.7 (32.7-38.0)

36.2+4.8 (30-45); 36 (32-40)
5.4+2.1 (2-9); 5 (4-7)
32.7%3.9 (28-40); 33 (30-35)
94.7+5.2 (85-100); 95 (90-100)

139.4%6.4 (125-150);140 (135-142)
36+4 (24-42); 36.8 (33.0-38.6)

CDA — cervical diaphyseal angle; AA — antetorsion angle.
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As aresult of surgical treatment in all patients
in both groups, the stability of the hip joint was
achieved with the values of the main radiometric
indices reflecting the anatomical structure and
spatial orientation of the acetabulum, as well as
its ratio to the femur, which are located within
the normative reference intervals. This, in our
opinion, is extremely important in terms of both
the possible further development of femoroac-

VAS on 3"day
===Group I patients

VAS on 7" day
=== Group II patients

VAS before surgery

etabular impingement of the “pincer” type, and
the complexity of positioning and implantation
of the endoprosthesis cup when it is necessary to
perform total hip arthroplasty in adulthood as a
result of hypercorrection of the acetabular frag-
ment position [13, 31].

The analysis of the pain syndrome severity
according to VAS in the postoperative period, as
well as the dynamics of its change, showed the
presence of statistically significant differences
(p<0.05) between the groups of patients (Fig. 3).

So, patients of group I on the 3" day after sur-
gery noted severe pain, while patients of group II
had moderate pain. On the 7" day after surgery,
pain gradually stopped, but statistically signifi-
cant differences in the severity of pain syndrome
between patients of groups I and II (p<0.05)
remained.

Changes in the markers of muscle injury are
presented in Table 4.

Fig. 3. Dynamics of pain syndrome in the
postoperative period in patients of study groups

Table 4

Dynamics of changes in biochemical markers of muscle traumatization
in the postoperative period

Parameter Group I Group II
M+SD (min-max); Me (25-75%) M#SD (min-max); Me (25-75%)
34 day
LDH, Unit/1 266.0£14.7(240-291); 267 (254-278) 262%12 (241-282); 264 (253-273)
CPK, Unit/1 753.0£123.2 (540-1012)*; 751 (657-845) 358.0+82.6 (180-493)*; 368 (321-413)

Creatinine, mmol/1

59.049.9 (42-81); 57 (53-64)

58.610.9 (39-85); 57 (51-67)

AST, Unit/l 34.7+6.8 (20-46); 35 (29-41) 345 (23-42); 34 (31-39)
CRP, Mg/1 177.0£17.6 (146-222)*; 178 (164-187) 67+24 (20-112)*; 69 (46-84)
7" day
LDH, Unit/1 248.0£22.8 (151-285); 251 (243-261) 253+14 (226-282); 254 (245-264)
CPK, Unit/] 193.3£50.6 (75-278)%; 198 (163-234) 164.4+31.6 (75-234)*; 1649 (143-186)

Creatinine, mmol/1
AST, Unit/1
CRP, Mg/1

58.7+11.7 (41-81); 56 (49-69)
23.0£7.2 (11-42); 22 (17-26)
29.0£13.6 (8-51)*; 29 (16-39)

60.8%10.0 (39-81); 62 (53-69)
21.6%5.4 (11-30); 22 (18-26)
16.5+8.0 (1.3-32.1)*; 14.6 (10.2-23.4)

Statistically significant values are highlighted in bold; *p<0.05.
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The analysis of the data presented in Table 4
showed that in patients who had triple pelvic os-
teotomy performed from an anterolateral surgical
approach, there was a significant (p<0.05) increase
in the values of CPK and CRP compared with pa-
tients who had triple pelvic osteotomy performed
from two approaches. This fact allows us to con-
clude that during all surgical manipulations on
the pelvic bones from the anterolateral approach,
there is a significantly greater traumatization of
the muscles, which can have a negative impact on
static-dynamic function in the long-term post-
operative period. For the remaining biochemical
markers of traumatization, we did not reveal sta-
tistically significant differences (p>0.05).

DISCUSSION

In 1981, D. Tonnis first described his modifica-
tion of triple pelvic osteotomy, which has gained
great popularity around the world for the treat-
ment of children with DDH and Perthes' disease,
for which three separate approaches were used
and there was need to change the patient's posi-
tion on the table during the surgery [32]. Since
then, this surgical technique has received nu-
merous modifications, which primarily relate to
the number of approaches to the pelvic bones
[14, 15, 16, 17]. To date, publications on the use
of minimally invasive surgical methods for per-
forming triple pelvic osteotomy are increasingly
appearing [18, 19, 20, 21].

Thus, B. Balakumar et al. describe the per-
formance of triple pelvic osteotomy from bikini
approach with an incision length of 5-7 cm, and
W.B. Lehman et al. perform this type of surgery
from two "almost percutaneous’ cosmetic ap-
proaches [18, 19]. At the same time, it should
be noted that the effectiveness of triple pelvic
osteotomy performed from minimally invasive
approaches is judged only by the degree of cor-
rection achieved and the length of the skin inci-
sion. The analysis of the inflicted muscle injury
was not carried out in any of the publications we
studied. At the same time, such studies are not
uncommon comparing standard and minimally
invasive approaches during primary and revision
hip arthroplasty in adult patients [29, 33, 34, 35,
36, 37]. However, the results of these studies are
quite contradictory, since some authors claim to
cause less injury to the muscles performing mini-
mally invasive approaches compared to standard
ones. Other authors, conducting a similar bio-

chemical analysis, do not find significant differ-
ences in the indicators of muscle injury markers.
H.Y. Zhao et al., after comparing anterior and
posterolateral surgical approaches to the hip
joint, came to the conclusion that performing
anterior approach is associated with less mus-
cle injury, as evidenced by differences in both
biochemical blood analysis data and less intense
postoperative pain syndrome and, as a result, less
need for painkillers [35]. A team of authors from
Romania, having studied the traumatism of the
anterior and lateral approaches, did not find sig-
nificant differences in the biochemical analysis,
but proved less traumatism of the anterior ap-
proach in terms of the severity of pain syndrome
after surgery and the need for narcotic painkill-
ers [36]. Orthopedic surgeons from the NMIC of
Traumatology and Orthopedics named after R.R.
Vreden, having conducted a large-scale study of
the traumaticity of various minimally invasive
and standard approaches during primary and re-
vision hip replacement, came to the conclusion
that despite the absence of statistically signifi-
cant differences in the biochemical markers of
muscle injury, minimally invasive anterolateral
approach is a priority for young people due to the
least intense pain syndrome in the postoperative
period. In addition, the authors conclude that the
magnitude of intraoperative muscle injury de-
pends, first of all, not on the possible cutting off
with subsequent refixation of the hip joint area
muscles, but on the pressure of instruments on
these muscles to ensure adequate visualization
of the surgical wound [29].

Despite the fact, that many orthopedic sur-
geons in our country have the opinion that the
traumatism of triple pelvic osteotomy depends
primarily on the number of surgical approaches,
the results obtained in our study indicate the op-
posite. Thus, in patients who had an anterolater-
al approach made from a single skin incision, the
values of the CPK index, which has a high speci-
ficity for any changes in human muscle tissue, on
the 3" and 7™ days. after surgery, the CPK values
were 2 times higher than similar values in the
group of patients who had a triple pelvic osteoto-
my performed from two surgical approaches. The
values of CRP in group I patients exceeded those
in group II by 2.6 times on the 3 day after sur-
gery and by 1.8 times on the 7™ day. In addition,
the intensity of pain syndrome in patients un-
derwent surgery with an anterolateral approach
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was significantly more pronounced compared to
patients who used two approaches. The results
of the study are comparable with the data of H.Y.
Zhao et al. and D.V. Nistor et al. [35, 36], since, in
our opinion, direct approach and bikini approach,
despite the different direction of skin incisions,
are largely identical in terms of work in the in-
termuscular spaces. Besides, we believe that, in
addition to the pressure of instruments on the
muscles, which effects on the magnitude of mus-
cle traumatization is concluded by A.D. Sineokii
et al. [29], the traumaticity of approach also de-
pends on the extent and localization of the dis-
section of non-vascular intermuscular spaces. So,
with an anterolateral approach, the gap between
the volumetric and important for static-dynamic
function middle gluteal muscle and the tensor
fascia lata muscle is dissected for a sufficiently
long distance (from the greater trochanter to the
anterior superior iliac spine), and with the bikini
approach, separation of the gap between the sar-
torius muscle and the tensor fascia lata muscle
is performed for a relatively short length — up to
10 cm, the abductor muscle group remains intact
during this approach.

CONCLUSION

A comparative analysis of the traumaticity of
surgical approaches during triple pelvic osteoto-
my in children with Crowe type I DDH, based on
the assessment of biochemical markers of mus-
cle injury and the intensity of pain syndrome in
the postoperative period, showed that the use of
anterolateral approach is statistically significant
(p<0.05) has a greater injury to muscle tissue
than the use of two surgical approaches (medial
transadductor and "bikini"), as evidenced by a
significant increase in the level of CPK and CRP
in the blood, as well as a more pronounced pain
syndrome in the immediate postoperative peri-
od. In our opinion, to perform triple osteotomy in
patients with Crowe type I DDH, it is preferable
to perform surgery from medial transadductor
approach and bikini approach.
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Tactics of Surgical Treatment of Slipped Capital Femoral Epiphysis
Associated With Mild Chronic Epiphyseal Displacement

Dmitriy B. Barsukov, Pavel I. Bortulev, Vladimir E. Baskov, Ivan Yu. Pozdnikin,
Tatyana V. Murashko, Tamila V. Baskaeva

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

Background. The appearing of data on cam-type FAI in patients with sequelae of slipped capital femoral
epiphysis characterized by mild chronic epiphyseal displacement suggests that along with fixation of the
proximal femoral epiphysis, modeling of the head-neck transition and restoration of the femoral offsets using
arthroscopic techniques should be performed. Meanwhile, it is well known that after epiphyseal fixation,
complete remodeling of the epimetaphysis and, consequently, disappearance of the morphological substrate
of potential FAI can occur due to the ongoing enchondral and echondral growth. In this regard, the issue of
indications for intraarticular interventions in studied patients remains currently open.

The aim of the study was to determine the incidence of FAI in the postoperative period in patients with
slipped capital femoral epiphysis characterized by mild chronic epiphyseal displacement, and to estimate the
requirement of further surgical treatment.

Methods. The results of the examination of 32 patients with mild chronic epiphyseal displacement in the
typical posterior inferior direction who underwent cannulated epiphyseal screw fixation were analyzed for the
severity of epimetaphysis remodeling and the presence of FAI in the postoperative period. Clinical, radiological,
magnetic resonance, and statistical methods were used.

Results. At the age of 18-19 years, FAI with pain syndrome in everyday life was found in 9 (28.1%) patients — 8
of them did not have even partial remodeling of the femoral component of the joint, another 9 (28.1%) patients
did not suffer from pain syndrome in everyday life, but had other clinical, radiological and MR signs of cam-type
FAIL. Complete or almost complete remodeling of the proximal femoral epimetaphysis occurred in 14 (43.8%)
patients.

Conclusion. In our opinion, therapeutic and diagnostic arthroscopy of the hip joint for the purpose of modeling
the head-neck transition at the age of 18-19 years is indicated for more than one quarter (28.1%) of the
investigated patients because of the presence of reliable signs of FAI.

Keywords: slipped capital femoral epiphysis, hip joint, femoroacetabular impingement, hip arthroscopy.
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TakTUMKa XUpYypruyeckoro se4yeHus naumMeHToB
C FOHOLWECKUM 3nnu¢pU3e0IU30M roIoBKM 6eapeHHON KOCTH
NpuU XpOHUYECKOM CMeLLeHUHU 3nudusa 1erkom cTeneHu

I.B. Bapcykos, [I.U. Boprynés, B.E. backos, 1.10. [To3gunkuH, T.B. Mypaiiko,
T.B. backaeBa

DI'BY «HayuoHansHwlli MeduyuHckuii uccredosamensckuii yeHmp 0emckoti mpasmamosiozuu u opmoneduu
um. IH. Typuepa» MuHzdpaea Poccuu, 2. Cankm-Ilemep6ype, Poccus

AxmyanvHocme. TlosiBneHme gaHHbIX 0 PemMopo-areTabynspHoM umnmHmkMmenTe (PAM) cam-tuna y maim-
€HTOB C MOCJeACTBUSIMU IOHOIIECKOTO 3n1bu3eonn3a roloBKu 6eIpeHHO KOCTH, XapaKTepU3YIOIIerocs: Xpo-
HUYECKUM CMeIlleHMeM 3mudu3a JIErKoii CTereHu, TpedyeT, Hapsiay ¢ duKkcaiyei MpoKCMMaIbHOro anmdu3a
6enpeHHOI KOCTU, MOZEeTMPOBAHMS TTepexo/ia «r0JI0BKa — IIejiKa» ¢ MCII0Ab30BaHMeM apTPOCKOMMUECKOM TeX-
Hyku. OgHaKo nocie huxcanmu anmdu3a BUIeICTBIE TPOAO/DKANIEroCs SHXOHAPATbHOTO M 9KXOHIPATbHOTO
pocTa MOXKeT ITPOU30IATH ITOTHOe peMofenpoBaHue snmuMeTadusa u, ciesoBaTebHO, MCue3HOBeHEe MOPGO-
JIOTMYECKOTo cybcTpaTa nmoteHImaabHoro ®AN. B ¢Bsg31 ¢ 3TMM BOMIPOC O MOKA3aHUSAX K BHYTPUCYCTaBHBIM
BMeNIaTeIbCTBAM Y MAI[MEHTOB C IOHOIIEeCKUM 3T ()13e0aM30M TOOBKY OeIpeHHOM KOCTU U ero MOC/IeICTBU-
SIMMU Ha CeI‘O,[LHH]J_IHI/Iﬁ OeHb OCTaeTCda OTKPbIThIM.

Llenwy uccnedosanus — orpeenTb YACTOTY BCTpeuaeMOoCTy heMopo-aneTabyasspHOro MMIMHIKMEHTA B T10-
CJ1eoTepallIOHHOM TTeprofie y MaIMeHTOB C IOHOIIeCKMM 311b13e011M30M roJIOBKM 6epeHHOM KOCTH, Xapak-
TepU3YIOUIMMCS XPOHUYECKUM CMelleHMeM 31bu3a IerKoi CTereHy, ¥ OIeHUTh TOTPeOHOCTD B TPOBeAeHUN
MOC/IeYIOIEro XUPYyPruueckoro JeueHusl.

Mamepuan u memoost. [IpoaHaTIM3MPOBAHBI PE3YIBTAThI 00CTETOBaHMS 32 GOMBHBIX C XPOHUYECKUM CMe-
1ieHuem 31'[]/[(1)]/[33 JIeTKOM CTeIeHy B TUIIMYHOM HalTtpaBJIEHNN K3aJAM KHM3Y, KOTOPbIM BbIIIOJIHEHA (l)I/IKCaLH/IH
3111/1(1)1/133 KaHIOJIMPOBAaHHbBIM BMHTOM, Ha IIpeAMET BbIPpa’>X€HHOCTU peMOaeJIMpPOBaHNUA SHI/IMETa(l)I/IBa " Ha-
munst @AV B moc/ieorepalioHHOM Itepuoje. B pabore MCITONMb30BaHbl KIMHNYECKNI, PEHTTEHOTOTUYECKUIA,
MarHUTHO-PE30HAHCHbIN U CTaTUCTUYECKUI METObI UCC/IeLOBaHMS.

Pesynomameui. B Bo3pacte 18—19 et AU obHapykeH y 9 (28,1%) maimeHToB, Y 8 3 HUX HE ITPOU3OLIIO AaXKe
YaCTUYHOE PeMOoeIMpoBaHe 6epeHHOTO KOMIIOHEHTA CYCTaBa, eme 9 (28,1%) 60/bHBIX He CTpagaiu OT 60-
JIeBOTO CMHIpOMa B IIOBCEAHEBHO >KM3HU, HO MMeNIY MHbIE KIIMHMUYECKIE, a TAKXKe PeHTreHonornyeckme u MP-
npusHaku gedopmanuu cam-tumna. [TomHoe Mau mTpakTUUeCcKy TOHOe PeMOJeMpoBaHKue MPOKCUMMATbHOTO
srMeTadu3a 6eIpeHHOI KOCTU ITPOoM301uUIo ¥ 14 (43,8%) mammeHTOB.

3axniouenue. [1o HalleMy MHEHMUIO, TeueOHO-AMArHOCTUUECKAsT apTPOCKOINS Ta300eIpeHHOro CyCcTaBa C lie-
JIbIO MOJIEJIIPOBAHMSI TIEPEXOa «I'OJI0BKA — Illejika» B Bo3pacte 18—19 jieT mokasaHa 6ojiee UueM OTHONM YeTBEePTHU
(28,1%) obcmemoBaHHbBIX BBUAY HAIMUMS Y HUX JOCTOBEPHBIX ITpU3HAKoB DA,

KiroueBblie ¢J10Ba: I0HOIIECKMIT 31 D13€01n3 roJI0BKY 6eIpeHHOl KOCTH, Ta306eIpeHHblii cycTas, pemMopo-
areTaby/IsIpHbIi MMIIMHIKMEHT, (GMKCALys IPOKCUMMAIbHOrO 3mudusa 6eIpeHHoi KOCTH, KaHIOMMPOBAHHBI
BMHT, apTPOCKOTINS Ta306€IPEeHHOTO CYCTaBa.
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JieueHMsI TALMEHTOB C IOHOIIECKUM 3T ()U3e0IM30M I'OJIOBKU GeJpeHHOI KOCTY MPU XPOHMIECKOM CMeIeHny srmndusa
Jierkoi crenenu. Tpasmamonozusi u opmonedust Poccuu. 2022;28(4):90-101. https://doi.org/10.17816/2311-2905-1774.

DK Bapcykos Imumpuii Bopucosuu; e-mail: dbbarsukov@gmail.com
Pykomnuch nmonmyyeHa: 25.04.2022. Pykonuch ogobpena: 17.11.2022. CtaThs onybamMKoBaHa oHaiH: 08.12.2022.

© bapcykos [I.B., Boprynés I1.1., Backos B.E., [To3puukus 1.10., Mypauiko T.B., Backaesa T.B., 2022

91 2022;28(4) TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

BACKGROUND

In most clinical cases slipped capital femoral epi-
physis (SCFE) is associated with chronic epiphy-
seal displacement in the typical posterior inferior
or just posterior directions. This displacement is
divided into mild, moderate or severe according to
its severity. Mild severity, as a rule, supposes ana-
tomical situation with the displacement in poste-
rior direction that does not exceed 30° [1, 2, 3].

According to the opinion of most surgeons,
formed for the last several decades, mild chronic
epiphyseal displacements in typical directions do
not require space attitude restoration of epiphy-
sis, so that its fixation in situ is sufficient [4, 5,
6, 7]. Meanwhile, many authors proved in their
studies that at the first sight even insignificant
deformity of the proximal femoral epimetaphy-
sis might cause the cam-type femoroacetabular
impingement (FAI) and contribute to the hip
osteoarthritis [8, 9, 10, 11, 12, 13]. That is why
nowadays scientists have resumed the search for
the most optimal tactics of treating this type of
patients that on the one hand will enable to pre-
vent prominent degenerative changes in the af-
fected joint at a young age and on the other hand
to avoid unreasonable extension of the surgery
in case of mild epiphyseal displacement. Some
specialists offer to complement the epiphysis
fixation in situ with the arthroscopic modeling
of the femoral neck, particularly in the zone of
its transition to the head in order to exclude
chronic labrum acetabuli damages [14, 15, 16].
Other authors still do not recommend to perform
intraarticular procedures expecting the remod-
eling of the femoral component after the epiphy-
sis fixation during its ongoing growth [17, 18, 19].
Current discussions can be concluded only after
answering the following questions: how often
does the complete postoperative remodeling of
epimetaphysis occur in the joints with unreduced
mild chronic epiphyseal displacement; at what
age does the pain syndrome typical for FAI begin
in case of incomplete remodeling (or no remod-
eling); how often do degenerative changes in the
affected joint progressively worsen?

Aim of study — to determine the incidence of FAI
in the postoperative period in patients with slipped
capital femoral epiphysis characterized by mild
chronic epiphyseal displacement, and to estimate
the requirement of further surgical treatment.

METHODS

A retrospective analysis of pre- and postopera-
tive examination was performed in 32 patients
(22 boys and 10 girls) who suffer from SCFE as-
sociated with mild chronic epiphyseal displace-
ment in the typical posterior inferior direction on
the one hand and without epiphyseal displace-
ment on the other hand, concerning the sever-
ity of postoperative remodeling of the proximal
femoral epitemaphysis as well as the presence of
FAI in the postoperative period.

Inclusion criteria:

- age from 13 to 15 years old,;

- no proximal femur epiphyseal fusion (par-
tial or complete) at the growth plate level on both
sides;

— chronic epiphyseal displacement in the
typical posterior inferior direction with the pos-
terior one of more than 15° (from 16° to 30°) and
the inferior one of more than 5° (from 6° to 15°);

- bony prominence on the anterior surface of
the femoral neck visualized on the hip X-ray in
the Lauenstein view;

- positive “segment” symptom on the hip
X-rays in the anteroposterior view implying that
the tangent line to the superior surface of the
femoral neck extended upwards does not cut out
the lateral epiphyseal segment as it happens in
the norm;

- no early complications of disease (hip
chondrolysis and aseptic necrosis of the femoral
head);

- initial stage of disease (preslipping) in the
contralateral joint;

- no prior surgical treatment;

- no technical surgical mistakes.

Exclusion criteria:

— age less than 13 years old and more that 15
years old;

— complete or partial proximal femur epiphy-
seal fusion at the level of growth plate on one or
both sides;

— chronic epiphyseal displacement in the typ-
ical posterior inferior direction without the com-
bination of posterior displacement of more than
15° (from 16° to 30°) and inferior displacement of
more that 5° (from 6° to 15°);

— chronic epiphyseal displacement in the
typical posterior direction only and in atypical
directions;
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- acute epiphyseal displacement (primary
and secondary to the chronic one).

Thus, all 32 patients had mild epiphyseal
displacement and at the same time the low-
est remodeling potential due to their age (no
less than 13 years old) and maximal severity of
anatomic disorders in combination with mild
displacement.

Surgical technique

All children underwent surgical treatment that
consisted of fixation of the proximal epiphyses
of both femurs under C-arm fluoroscopy. Self-

Preoperative examination

In the preoperative period all children had clinical
and radiological examination that included X-ray
and multislice spiral computed tomography (CT)
of the hip joints. At the clinical examination per-
formed in the horizontal position of a patient the
main attention was paid to the hip range of mo-
tions, particularly to the presence and intensity of
the Drehmann sign. The FADIR test was not per-
formed due to a high risk of epiphysis avulsion.
The values of projection caput-collum-dia-
physeal angle (CCDA), projection epiphyseal-

tapping cannulated screws 7.0 mm with external
thread for %4 of their overall length were used.
The screw was introduced into the epiphysis
from the anteroexternal surface of the femur
through its neck and the center of the growth
plate so that the screw head was not based on
the cortical layer and was spaced away by 5-10
mm (Fig. 1).

All in all, 64 surgeries were performed. Each
patient underwent procedures on both hip joints
at one surgical session. In all cases the implants
were removed after the epiphyseal fusion at the
age from 17 to 18 years old.

Fig. 1. X-rays of the right hip

in the anteroposterior projection (a)

and in the Lauenstein projection (b)

of patient 13 years 11 months old,
immediately after surgery. Interpretation is
in the text

diaphyseal angle (EDA) and epiphyseal angle
(EA) were measured on both sides in X-rays in
the anteroposterior and Lauenstein views. The
signs of partial or complete epiphyseal fusion
at the growth plate level were also excluded.
The values of posterior and inferior epiphyseal
displacement angles were measured on the de-
formed side. The presence of positive “segment”
symptom, the bony prominence on the anterior
surface of the femoral neck and the absence of
epiphyseal displacement on the contralateral
side were confirmed (Fig. 2).

Fig. 2. X-rays of the right hip in the
anteroposterior (a) and the Lauenstein
projection (b) of patient 14 years 9 months
old, before the surgery:

no signs of synostosis at the level

of the epiphyseal growth plate, positive
“segment” symptom, bone prominence

on the anterior surface of the femoral neck
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Posterior epiphyseal displacement angle was
measured evaluating the difference between the
EA in the joint with no displacement (individual
norm) and in the joint with displacement. Inferior
epiphyseal displacement angle was measured
evaluating the difference between the CCDA and
the EDA in the joint with displacement.

Multislice spiral CT was performed in order to
detect the signs of partial epiphyseal fusion that
gave causes to cancel surgical treatment and ex-
clude patient from the study.

In the postoperative period the clinical and
radiological examination except multislice spiral
CT was performed immediately after the surgery;
in 3, 6 and 12 months; at least once in 18 months
before reaching the age of 19 years old. Opposed
to the preoperative period, this time the clinical
examination included the FADIR test and the ra-
diological examination included assessment of
stability of epiphysis fixation. At the age of 18-19
years old besides the clinical and X-ray exami-
nation all patients had hip MRIs to exclude MR
signs of cam-type FAI in the joint with mild epi-
physeal displacement.

Stability of epiphysis fixation was evaluated
by comparing the values of projection EDA and
EA in the X-rays in the views mentioned above
and taken on the operating table right after the
surgery and at the time of appearance of the first
signs of epiphyseal fusion at the growth plate
level at the age from 13.5 to 15.5 years old de-
pending on the age of a child at the moment of
the surgery.

It is known that the initial MR sign of cam-type
FAl is the deformity of the head-neck transitional
zone defined by the excess of osteochondral mass
in its anterosuperior part that leads to the disap-
pearance of the normal concavity of transitional
zone and abnormality of the spherical shape of
the femoral head. That deformity was visualized
in the oblique axial plane including the axis of
the femoral neck as well as in the radial slices
at the corresponding level perpendicular to the
axis of the neck. The anterosuperior o angle was
measured for the quantitative assessment of
deformity of the head-neck transitional zone.
Besides, the absence or the presence of uni- or
multilocular cysts (the so called fibrocysts) situ-
ated along the anterosuperior margin of the fem-
oral neck at the edge of its articular surface in the
area of the contact. During the MRI examination

some cam-type FAI signs in the acetabular com-
ponent of the affected joint were also excluded
or confirmed. These signs included the dissocia-
tion of the anterosuperior part of the acetabular
labrum from the acetabular tectorial cartilage at
the level of the chondrolabral transitional zone;
hyaline cartilage thinning in the anterosuperior
quadrant of acetabulum and its defect (cleft); ac-
etabular labrum degeneration and rupture.

Statistical analysis

Accumulation and systematization of initial data
were performed in Microsoft Office Excel 2016
tables. Statistical analysis was carried out using
STATISTICA v.13.3 software. Quantitative data
distribution was assessed for normality with the
use of the Shapiro-Wilk test. Mean value (M) and
standard deviation (SD) were calculated to de-
scribe the quantitative data that matched normal
distribution. Results are represented as M=SD.
Quantitative values with non-normal distribution
were described as median value (Me) and lower
and upper quartiles (Q1-Q3). Nominal data were
reported as absolute values and percentage. The
Wilcoxon test was used to determine the signifi-
cance of differences between compared paired
samples. For independent samples the Mann-
Whitney U-test was applied. Obtained values were
compared to the critical value at the level of sig-
nificance p=0.05. If calculated value was less than
or equal to the critical one, it was concluded that
the differences between compared samples were
statistically significant. Comparison of two groups
by quantitative values that had normal distribu-
tion was performed using the Welch’s t-test.

RESULTS

Preoperative clinical study showed that all chil-
dren had intermittent pain on the side of dis-
placement associated with walking and locat-
ed in the knee joint (18 cases, 56.3 %), thigh (8
cases, 25.0%) or hip joint (6 cases, 18.7%) areas.
In all cases the patients had no or limited range
of internal hip rotation that are 23 (71.9%) and
9 (28.1%) examinations respectively. Nineteen
(59.4%) of 23 patients with no internal rotation
had positive Drehmann sign. All children had no
pain syndrome on the contralateral side, while
hip range of motions was within the norm and
the Drehmann sign was negative.
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Table 1

Preoperative values of projection CCDA, EDA and EA and angles of posterior
and inferior epiphyseal displacement, Me (Q1-Q3)

Average angle values, deg.
o Angle of fa
Hip joint Projection CCDA | Projection EDA EA posterior Agil elg(f:elrnlnfgllto '
(n=64) (n=64) (n=64) displacement ?n = 32)
(n=32)
Without epiphyseal 136 136 82
displacement - -
(02 32) (132-138) (132-138) (80-84)
With epiphyseal 142 134 63 21 10
?Iisflgazc)ement (138-144) (131-137) (60-64) (18-24) (8-12)

Table 1 data show that the average posterior
epiphyseal displacement was 21 (18-24)°, the
average inferior displacement was 10 (8-12)°.
Average value of projection CCDA in the joint
with epiphyseal displacement was higher than
in the joints with no displacement by 6°, that
is caused by improper setup of the correspond-
ing extremity (unavoidable external rotation) in
children with positive Drehmann sign. None of
32 cases (64 joints) revealed the signs of partial
epiphyseal fusion in multislice spiral CT.

Thus, before surgical treatment all children
had pain syndrome, limited hip range of motions,
typical mild posterior and inferior epiphyseal
displacement, bony prominence on the anterior
surface of the femoral neck and positive “seg-
ment” symptom on the side of displacement.

4

PHII'.IPS

Postoperative X-rays showed that epiphysis
fixation resulted stable in all cases. None of 64
joints revealed statistically significant decrease
of projection EDA (p>0.05) and/or EA (p>0.05)
that attests the presence of displacement or its
progression.

Analyzing MRIs taken in the 19th year of life,
it was defined that the above-mentioned deform-
ity of the head-neck transitional zone of differ-
ent severity was present in 25 (78.1%) of 32 joints
with epiphyseal displacement, while the value of
the anterosuperior a angle varied from 46° to 71°,
with 60.6%7.7° in average (Figs. 3, 4).

Fibrocysts were clearly visualized in our stud-
ies in 8 (25.0%) of 32 joints with epiphyseal dis-
placement, the anterosuperior a angle in each of
8 joints surpassed 55° (Fig. 5).

Fig. 3. MRI of the left hip (oblique axial
projection, T2 weighted image)

of patient 18 years 2 months old, 4 years
7 months after surgery. Deformation

of head-neck junction (indicated by

an arrow) — lack of normal concavity

of transition and increased anterior-
superior angle o to 87.4°
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As for all above-mentioned signs of cam-type
FAI in the pelvic component we observed only
the hyaline cartilage thinning in the anterosu-
perior quadrant of acetabulum in 3 (9.4%) of 32
joints with epiphyseal displacement. Value of
anterosuperior a angle in each of these 3 joints
surpassed 65°.

During the last examination in the 19th year
of life when the signs of complete epiphyseal
fusion at the growth plate level were defined,
all patients were divided into 4 groups accord-
ing to remodeling intensity and shape of the
proximal femoral epimetaphysis on the side of
displacement:

— Group I included 7 (21.9%) children with
complete remodeling and no deformity (the val-
ue of the anterosuperior o angle in the MRI is
40-45°);

— Group II included 7 (21.9%) children with
incomplete remodeling and insignificant resid-
ual deformity (the value of the anterosuperior o
angle in the MRI is 46-55°);

Fig. 4. MRI of the left hip (radial section at the
level of head-neck junction perpendicular to the
femoral neck axis, T2 weighted image) of patient
18 years 7 months old; 5 years 2 months after
surgery: deformation of head-neck junction
(indicated by an arrow)— excess bone mass in
the anterior-superior part of the transition, which
damages sphericity

of the femoral head

Fig. 5. MRI of the left hip (axial projection, fat
suppression image) of patient 18 years 4 months
old, 4 years 5 months after surgery: fibrocyst
(indicated by an arrow) localized at the anterior
superior margin of the femoral neck at the edge
of the articular surface (at the area of impact)

— Group III included 10 (31.2%) children with
incomplete remodeling and significant residual
deformity (the value of the anterosuperior o an-
gle in the MRI is 56-65°);

— Group IV included 8 (25.0%) children with
no remodeling and residual deformity with the
same severity (the value of the anterosuperior a
angle in the MRI is 66-71°).

Each group was characterized by the combina-
tion of features.

Group I included the absence of pain syndrome
in everyday life (regular excessive physical exer-
cises such as running, weight lifting and jump-
ing were prohibited), normal hip range of mo-
tions, negative FADIR test, negative “segment”
symptom, the absence of bony prominence on
the anterior surface of the femoral neck and the
absence of cam-type deformity signs in the MRI
(the average value of the anterosuperior o angle
was 42.9+1.7°).

Group II included the absence of pain syn-
drome in everyday life, normal hip range of
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motions (4 of 7 children) or barely noticeable
(within 10°) limited internal rotation (3 of 7 chil-
dren), negative FADIR test, negative “segment”
symptom, the absence of bony prominence on
the anterior surface of the femoral neck, unreli-
able signs of cam-type deformity in the MRI (the
average value of the anterosuperior a angle was
50.1£3.3°).

Group III included the absence of pain syn-
drome in everyday life (9 of 10 children), limited
hip range of motions, positive FADIR test, posi-
tive “segment” symptom, the presence of bony
prominence on the anterior surface of the femoral
neck (5 of 10 children had the same prominence
size, other 5 children had reduced prominence),
reliable signs of cam-type deformity in the MRI
with significant changes of the head-neck tran-
sitional zone (the average value of the anterosu-
perior a angle was 61.9£3.0°) and the presence of
fibrocysts (3 of 10 children).

Group IV included the presence pf pain syn-
drome in everyday life, limited hip range of mo-
tions, positive FADIR test, positive “segment”
symptom, the presence of bony prominence on
the anterior surface of the femoral neck (with
the same prominence size), reliable signs of
cam-type deformity in the MRI with significant
changes of the head-neck transitional zone (the
average value of the anterosuperior a angle was
68.3%1.5°), the presence of fibrocysts (5 of 8 chil-
dren) and hyaline cartilage thinning in the an-
terosuperior quadrant of acetabulum (3 of 8 chil-
dren). Analysis of dependence between the value
of the anterosuperior a angle, FADIR test results
and the presence of pain syndrome in everyday
life was performed (Tab. 2).

This table shows that the pain syndrome oc-
cured in patients with positive FADIR test only
(p<0.001). These patients who declared the pres-
ence of pain syndrome had increased a angle value
(p<0.001). All patients with the a>56° angle had
positive FADIR test (p<0.001), and the great major-
ity of them suffered from pain syndrome (p<0.001).

The shape of proximal femoral epimataphysis
was normal in all 32 cases. Postoperative X-rays
of one patient of the Group IV may serve as an il-
lustration of the absence of the proximal femoral
epimetaphysis remodeling (Fig. 6). His preopera-
tive X-rays reveal posterior epiphyseal displace-
ment by 17° and inferior displacement by 8°, posi-
tive “segment” symptom and bony prominence on
the anterior surface of the femoral neck. X-rays
taken in the 19th year of life show typical cam-
type deformity as well as persisted positive “seg-
ment” symptom and bony prominence on the an-
terior surface of the femoral neck of initial size.

Thus, FAI was confirmed in 9 (28.1%) of 32
examined patients. It is worth noticing that 8
of these 9 children had even no partial femoral
component remodeling and were enrolled in the
Group IV. All these 9 patients were recommended
to undergo complete examination to determine
the necessity of hip arthroscopy in order to re-
move the morphological substrate of FAI. Other
9 patients from the Group III who did not suffer
from pain syndrome in everyday life but had oth-
er clinical, radiological and MR signs of cam-type
deformity continued to be examined in dynam-
ics. Complete or nearly complete remodeling of
the proximal femoral epimetaphysis occured in
14 (43.8%) of 32 joints with epiphyseal displace-
ment in patients of Groups I and II.

Table 2

Anterosuperior a angle value, FADIR test results and presence of pain syndrome
in everyday life in examined patients

Featur n Anterosuperior o angle, deg. Pain syndrome
cature M=SD (min, max) b «t» [/ «-» b
FADIR test «» 14 46.5+4.6 (40.55) 0/14
<0.001 <0.001
«+» 18 64.7+4.0 (56.71) 9/9
Pain syndrome «» 23 52.4%8.5 (40.65) -
<0.001 -
«+» 9 67.9%1.8 (65.71) -
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DISCUSSION

Remodeling mechanism of the proximal femoral
epimetaphysis in case of slipped capital femo-
ral epiphysis due to ecchondral and enchondral
growth was discovered in the middle of the past
century [20, 21]. We discussed them in our pervi-
ous publications [22, 23]. Meanwhile, literature
data concerning the incidence and intensity of
remodeling are contradictory and rare [24, 25].
Discovered details about cam-type FAI that occurs
in joints with mild residual deformity of epimeta-
physis after SCFE, bring surgeons to think about
the elimination of morphological substrate of FAI,
specifically about arthroscopic modeling of the
head-neck transitional zone in order to restore its
normal concavity. Notably some authors suggest
performing this remodeling right after the fixa-
tion of epiphysis [26, 27], while the others express
opinion that it should be done at the second stage
after the end of epiphyseal fusion at the growth
plate level [28, 29]. However, FAI problem is still
disregarded in the majority of publications on the
topic of discussion [30, 31, 32, 33]. Current study
data been analyzed, we made the conclusion that
it was advisable to perform treatment and diag-
nostic arthroscopy of the affected joint differen-
tially as a subsequent stage of surgical treatment.
According to our findings more than one fourth of
patients aged 18-19 years require this procedure.
MR signs of cam-type FAI in adult patients,
particularly the studied head-neck transitional

Fig. 6. X-rays of the right hip in the anteroposterior

and in the Lauenstein projections of patient 14 years 9
months old:

a, b — before the surgery; ¢, d — 2,5 years after surgery,
before removal of hardware; e, f — 3,5 years after surgery,
at the final examination at the 19" year of life

zone deformity characterized by the excess of
osteochondral mass in the anterosuperior part
of the zone, are described in modern literature
in details [8, 9, 10, 34]. It is defined that fibro-
cysts located along the anterosuperior margin of
the femoral neck can have a size of 2 to 15 mm,
while their maximal number is registered in the
joints with higher a angle values [34]. Nowadays
it is proved that the anterosuperior part of ac-
etabular labrum of the affected joint may start
detaching over time from the acetabular tecto-
rial cartilage at the level of chondrolabral tran-
sitional zone due to its chronic traumatization.
Moreover, the hyaline cartilage thinning and its
defect formation (cleft) may also occur in the
anterosuperior quadrant of acetabulum, that, as
a result, can lead to the detachment of tectorial
cartilage from the underlying bone with the flap
formation. Degeneration of acetabular labrum
and its rupture may be observed significantly later
in case of cam-type FAI as they are more typical
for pincer-type impingement [6, 8, 16]. The above-
mentioned MR signs of cam-type FAI in the pel-
vic component of the joint are more often detect-
ed in adult patients. As for children, these signs
usually need more time to manifest fully because
of a short period of presence of femoral compo-
nent deformity, that is definitely confirmed in
our study. That is probably why the FAI clinical
signs can be rather poor in children. Insufficient
attention to the problem of cam-type deform-
ity in children with SCFE associated with mild
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chronic epiphyseal displacement seems to be
caused by the absence of typical pain syndrome
in the majority of young patients. We found no
available data on the FAI frequency in studied co-
hort of patients. According to our findings, reli-
able MR signs of cam-type deformity are found in
56.2% of patients aged 18-19 years, while 28.1%
of patients with this deformity report on pain
syndrome during everyday activity, that is typical
for FAI

It should be reminded that out of all children
with mild epiphyseal displacement we enrolled
in our study those who had the lowest remod-
eling potential of epimetaphysis due to their age
(no less than 13 years old) and the most severe
anatomic dysmorphology.

CONCLUSION

Complete or partial remodeling of the proximal
femoral epimetaphysis in case of slipped capital
femoral epiphysis associated with mild chronic
epiphyseal displacement was determined after its
fixation with self-tapping cannulated screws in
75.0% of clinical cases (Groups I, IT and III). There
was no remodeling in 25.0% of cases (Group IV).

Reliable signs of cam-type deformity in hip
joint MRIs taken in the 19" year of life were iden-
tified in 56.2% of clinical cases (Groups III and
IV). Meanwhile, this deformity manifested in
everyday life with pain syndrome typical for FAI
only in 28.1% of cases (Group IV and 1 patient of
the Group III).

Treatment and diagnostic hip arthroscopy
consisted of remodeling of the head-neck transi-
tional zone for recovering its normal concavity at
the age of 18-19 years old is indicated for 28.1%
of patients (Group IV and 1 patient from the
Group III) with reliable clinical, radiological and
MR signs of FAI, while 21.9% of patients (Group I)
do not need this surgery due to complete remod-
eling of the proximal femoral epimetaphysis.
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CpaBHUTENbHAA XapaKTepuUcTMKa KUHEMaTUYECKUX NapaMeTpoB XOAbObI
Aeteu ¢ LN B 3aBucumocTu ot TMna GpUKcaLmum CTonbI
W roIEHOCTOMHOrO CyCTaBa

A.A. Konbuo !, A.J0. Akcénos 2, D.1. [I>komapmibr |

L @I'BY «@edepanvHolii HayuHbLli yeHmp peabunumayuu uHeanudos um. I.A. Anbbpexma» Muumpyda Poccuu,
2. Cankm-Ilemep0Oype, Poccus

2 @I'BY «HauuoHanvHbili MeOUYUHCKULL uccnedosamensckull ueHmp mpasmamosnozuu u opmoneduu
um. axao. I A. Unusaposa» Mur3sdpasa Poccuu, 2. Kypean, Poccus

AKmyanbHoCms. VY TALMEHTOB C OETCKUM LiepebpaabHbiM mapaianyom ([IIIT) vacTo HaGIIOAAIOTCS BTOPUYHbBIE
opromneayyeckue gedbopmaluu 1 HapylieHus] maTTepHa XOAbObI, C IeIbI0 KOPPEKIMY KOTOPBIX TIPUMEHSIIOT Pa3InyHbIe
MEeTOZbI JIeUeHMsI, B TOM UMcJie — OpTe3upoBaHue. 3a pybexkoM Hamnboiee YacTo B KIMHUYECKOI MMPAKTUKE VCIIONb3YIOTCS
opTe3sbl (AFO) Ha roJIeHOCTOITHbIE CYCTaBbl, TOrIa Kak B Poccuy — ciokHast opTorneanyueckas 06yBb. BMecTe ¢ TeM paboThl
10 CPAaBHUTEJIbHOMY aHAIM3Y BIMSHUS YKa3aHHBIX OPTOIEANYECKUX CPEICTB Ha GMIOMeXaHMUYEeCKMe TTapaMeTPhl MTOXOIKNU
OTCYTCTBYIOT.

Llens uccnedosanus — CpaBHUTh KMHEMAaTHUECKIE ITapaMeTpbl XOAb0bI geTeii ¢ [ILITT B 3aBMCMMOCTHM OT TuIa GUKCALUN
CTOIIBbI U TOJIEHOCTOITHOTO CyCTaBa.

Mamepuan umemodst. [IpoBeeHbl 25 6110MeXaHNUeCKUX MCCaeq0Banmii (9 TecToB 60CMKOM; 7 TECTOB B OPTOITEINUECKOI
06yB1; 9 TecToB B AFO) 9 manueHTam ¢ ypOBHSIMY HapYyIIeHNS TI06aIbHBIX MOTOPHBIX GyHKIMIT GMFCS 2 1 GMFCS 3.

Pesynomamol. AHanu3 mokasaj, 4yTo HomeHue AFO 1o cpaBHEHMIO C XO[b60i 6OCMKOM HE3aBUCUMO OT YPOBHS
GMFCS mMOJOXUTENbHO BIAMSET HA TMPOCTPAHCTBEHHO-BPEMEHHbIE XApPAKTEPUCTUKM XOMbObI, HA KUHEMATUKY
TOJIEHOCTOITHOTO ¥ KOJIEHHOTO CyCTaBOB, 6€3 CyIIeCTBEHHOTO BIAUSHMS Ha QYHKIMIO Ta300eIpeHHOr0 CyCcTaBa. B cBsI3u
C 3TMM OTMEUYEHO Y/IyYIlIeH)e MHTErPATIbHOTO TIOKAa3aTesl — MHAEKCa TIOXOIKY. MCIioIb30BaHMe OPTOTIeANYECKOT 06YBU
y HAlMEeHTOB C YPOBHSIMU T7106aTbHbIX MOTOPHBIX GyHKIMIT GMFCS 2 1 GMFCS 3 nmpuBeio K yIydlieHNI0 KUHEMAaTUKI
I'CC u KC. BmecTe ¢ TeM y nauyeHToB B rpymie GMFCS 2 mpuMeHeHMe OpTOIeqMUeCKOii 06yBY 006eCeunsio yaydieHue
60JIBIIIETO KOIMYECTBA COCTABISIONIMX MHIEKCA TOXOAKM, TOTAA Kak B rpynme GMFCS 3 KoIM4ecTBO TakKuX MepeMeHHbIX
OBIIIO 3HAUMTENBLHO MeHbIlle. CpaBHUTEbHBI aHAIU3 Pe3yabTAaTOB MT0KA3aJl, YTO KMHEMAaTHYeCKe apaMeTphl XOAbObI
B OpTOIeaMUeCKOl 00yBM Jiyulie y nmaiueHToB rpymnmbsl GMFCS 2, HO B rpymnie GMFCS 3 cyliecTBeHHO JIydile Mpu UC-
nonb3oBaHuu AFO.

3axnoueHue. Beibop Timna duxcamyy ctombl y nanyeHToB ¢ JLIT ¢ yyeToM YPOBHS HapyIIEHNS INTI06ATbHBIX MOTOPHBIX
byHKIIMIT MOKET CYyIIeCTBEHHO BIMSITh Ha KOPPEKIINIO 61I0MeXaHMYeCKUX MMapaMeTPOB XOIb0bI.

KiroueBble j10Ba: JETCKUI liepebpaibHbIi IMapaiuny, O0MoMexaHMKa XOObObl, OpTe3, OpTolleauueckasi 0OYBb,
TOJIEHOCTOIIHbIN CYCTaB.
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Kinematic Comparison of Orthopedic Shoes and Ankle-Foot Orthoses
in Children With Cerebral Palsy
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Background. In patients with cerebral palsy (CP), secondary orthopedic deformities and violations of the walking
pattern are often observed, so various methods of treatment are used for its correction, including orthosis. Abroad,
orthoses (AFO) for ankle joints are most often used in clinical practice, whereas in Russia complex orthopedic shoes are
used. At the same time, there are no comparative studies investigating the influence of these orthopedic products on the
biomechanical parameters of gait.

The aim of the study was to compare the kinematic parameters of walking in children with cerebral palsy, depending on
the type of fixation of the foot and ankle joint.

Methods. 25 biomechanical studies (9 barefoot tests; 7 tests in orthopedic shoes; 9 tests in AFO) were conducted in 9
patients with GMFCS 2 and GMFCS 3 levels of global motor function impairment.

Results. The analysis showed that using AFO compared to walking barefoot, regardless of the GMFCS level, positively
affects the space-time characteristics of walking, the kinematics of the ankle and knee joints, without significantly
affecting the function of the hip joint. In this regard, an improvement in the integral indicator — the gait index — was
noted. The use of orthopedic shoes in patients with GMFCS 2 and GMFCS 3 levels of global motor functions led to an
improvement in the kinematics of the ankle and knee joints. At the same time, in patients in the GMFCS 2 group, the
use of orthopedic shoes provided an improvement in more components of the gait index, whereas in the GMFCS 3 group,
the number of such variables was significantly less. A comparative analysis of the results showed that the kinematic
parameters of walking in orthopedic shoes are better in patients of the GMFCS 2 group, but in the GMFCS 3 group it is
significantly better when using AFO.

Conclusion. The choice of the type of foot fixation in patients with cerebral palsy, taking into account the level
of global motor functions impairment, can significantly affect the correction of biomechanical parameters of walking.

Keywords: cerebral palsy, biomechanics, walking, orthosis, orthopedic shoes, ankle joint.

Cite as: Koltsov A.A., Aksenov A.Yu., Dzhomardly E.I. [Kinematic Comparison of Orthopedic Shoes and Ankle-Foot
Orthoses in Children With Cerebral Palsy]. Travmatologiya i ortopediya Rossii [Traumatology and Orthopedics of Russia].
2022;28(4):102-113. (In Russian). https://doi.org/10.17816/2311-2905-1682.

D<] Andrey A. Koltsov; e-mail: katandr2007 @yandex.ru
Submitted: 15.10.2021. Accepted: 08.11.2022. Published Online: 15.12.2022.

© Koltsov A.A., Aksenov A.Yu., Dzhomardly E.I., 2022

103 2022;28(4) TPABMATONOIMNA U OPTONEAMNA POCCUN / TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



KINHUYECKWUE MCCNEOOBAHWSA / CLINICAL STUDIES

BBEJEHUE

IeTckuii 1iepebpabHbIN apaanyd — OJHO U3 Hau-
60s1ee yacThIX HEBPOJIOTMUECKMX 3a60/IeBaHNIi B TIe-
IMaTpUuecKkoi NOMyaslyuy, NPUBOLMILEe K YaCTbIM
BTOPMYHBIM OpTONeINYEeCKUM HapyluleHusm [1, 2, 3].
OpHolt 13 0coOeHHOCTel YKa3aHHBIX HapylleHWU
SIBJISIETCSI UX IPOTPECCUPOBaHME C BO3PACTOM, B CBSI-
3 C 3TUM Takue GOJibHbIe MOCTOSIHHO HaXOMASITCS
o HabmogeHuMeM Bpauva TpaBMaToyora-opTore-
Ila, KOTOPBIV Ha sTarme HaGMIOOeHUs C 1eTbl0 KOp-
pekuuu pedopmanuit UCIOAL3YeT XUPYpPrudyeckue
M KOHCEePBaTMBHbIE METOZbI JeUeHMs], B TOM UMCIie
opre3upoBaHue [4, 5, 6]. OpTe3bl Ha TrOJE€HOCTOII-
Hble cyctaBbl (Ankle Foot Orthosis — AFO) pasnnu-
HbIX KoHCTpyKuuit (Ground Reaction Ankle Foot
Orthosis — GRAFO, leaf-spring AFO u T.n.) aBsi-
IOTCSI Haubojee TPUMEHSIEMbIMM B KIMHUYECKO
npakTuke [7, 8, 9]. BmecTe ¢ TeM MbI He 0OHAPYKU-
M y6uKaImii, B KOTOPBIX MTPOBOAMIOCH ObI CpaB-
HUTeNbHOe uccuienoBanue BausHUS AFO u cinox-
HOJ OpToIleAMuYecKoii 00yBu Ha OMOMexaHuJecKue
nmapameTpbl XOIbObl, HECMOTPSI Ha KpaiiHe IIUPO-
Koe TIpuMeHeHNe opTorenuueckoit o6ysu B Poccun
M MHOXXeCTBeHHbIe IybamKanum o npumeHenuu AFO
B 3apyOeXXHBIX UCTOUHMKAX [7, 8, 9, 10]. Takke penxu
uccinenoBanus Bansiuust AFO Ha 6110MeXaHUKY X0 b-
6561 y geteit ¢ 11 c yueToM YpOBHS HapyLIeHUS TJIO-
6a1bHBIX MOTOPHBIX QyHKIMIT GMFCS (Gross Motor
Function Classification System) [11].

Ilens uccnedosanuss — CpaBHUTb KMHEMATHUUECKIE
rmapaMeTpsl Xoab0s! meteii ¢ 1T B 3aBUCMMOCTU OT
Tuna GUKCcaLuyU CTOIbI X TOJIEHOCTOITHOTO CYCTaBa.

MATEPUWAJI U METObI
JlvizaiiH uccjaegoBaHUSsI

[IpoBegeHO OZHOMOMEHTHOE KOHTpOJIMUpyeMoOe
UCCIegOBaHME «CTy4aii-KOHTPOb».

boumn chopMupoBaHbl TPU TPYIIIBI MALMEHTOB:
repBasi IpymIa — 0600IIeHHas1, B KOTOPYIO BOIIUIN ITa-
[IMEeHTHI C YPOBHSIMU HapYIIEHMS II00QIbHBIX MOTOD-
HbIX GyHKIMIT GMFCS 2 1 GMFCS 3; BTopast rpyImimna —
nauyeHTsl ¢ ypoBHeM GMFCS 2; TpeTbss — GMECS 3.

Mo pe3ynbTaTam KIMHUYECKOTO OCMOTpA JJ151 ITPO-
BelleHMs 61i0MexXaHMueCcKoro o6cienoBanms chopmu-
poBaHa rpy1mna u3 9 nauyeHToB.

Kpumepusmu éxnioueHus SBASIIUCH:

— NOATBepPXAEeHHbI auarHo3 «JUII, crmactu-
yeckas guIuierusi» Jmbo «JLII, cracTuueckuii
TeTpalriape3»;

— YpOBeHb INOOAJbHBIX MOTOPHBIX (QYHKIMIA
GMEFCS 2 — GMECS 3;

— YpOBEeHb CITACTMYHOCTY 2—3 110 mKase Ashworth
[12];

— BO3pacT MalMEHTOB OT 5 Mo 16 JieT BKIIOUM-
TeJIBHO (T.€. C y3ke chOpMIUPOBABIIMMCS CTEPEOTUITIOM
XOZIbOBI).

Kpumepuu ucknrwoueHus:

— HEBO3MOXXHOCTb XOAbObI Jaske C UCIIOIb30BaAHM-
€M Cpe[CTB AOMOJHUTENbHON OMOPbI (KOCTBIIEN, TPO-
CTell, XOOYHKOB);

— 3HauMMble KOTHUTUBHBbIE U 3MOILMOHA/IbHBIE
HapyluieHus 0o06CaeayeMoro, He ITO3BOJSIONIME TO-
OUTbCS C HMM KOHTAaKTa JJisl MpoBeaeHust 6Gromexa-
HMYeCKOro 06ceqoBaHms;

- GoTynIMHOTepanusl B aHaMHe3e MeHee YeM 3a
6 Mec. 1o 00CIeJOBaHMsI;

— XUPYprUUecKoe ieueHe B aHaMHe3e MeHee uemM
3a 12 mec. 1o 06c/ieqoBaHMs.

Bcem marmeHnTam rnepeq IpoBefeHueM 6yomexa-
HMYECKOTO MCCIeIOBaHMSI BBIIIOIHEHO KOMILJIEKCHOE
KJIMHUYEeCKoe 00ciemoBaHue, BK/IOYAIOIIEe OIleH-
Ky TIATTePHOB XOABLObBI, KOTOPAsi OCYIIECTBJISIaCh 10
kinaccudumkanyy J. Rodda  H.K. Graham g5 6unare-
PaJbHBIX CITACTHMYECKUX (GOPM IlepebpaabHOro mapa-
mnya [13].

Bcem nanyeHnTaM 6bLIM ITPOBEIEHBI TP TeCTa: 60-
CUKOM; B CJIOKHO OPTONEeaMUYecKoii 00yBI; B OpTE3€E
Ha TOJIEeHOCTOITHBIN CyCTaB, 38 MCKJIIOUEeHMEeM ABYX Ia-
uyneHTOoB ¢ ypoBHIMU GMFCS 2 1 GMFCS 3,y KOTOpbIX
Ha MOMEHT MCCIeO0BaHUS CJI0KHO OPTOIeAMYeCKOM
00yBu He 6bUIO (puc. 1). ClokHAsE opToremuJecKast
00yBb COOTBETCTBOBAJIA CIEOYIOIIMM TpeboBaHMU-
SIM: M3TOTaBAMBAaIaCh MHAMBUILYAJIbHO IO MepKam
WM CIeTIKaM; cofepykajia B KauecTBe 00s13aTelbHbIX
2JIEMEHTOB ABYCTOPOHHMIA JIMOO KPYTrOBOW KECTKUI
6epi1; UCII0Ib30BAIACh MTALIMEHTOM He MeHee OJHOTO
1 He Gosiee 6 Mec.; He uMesa aeduInTa BHyTPUOOYB-
HOTO ITPOCTPAHCTBA M He MpuBoaMiIa K popmupona-
HUIO GoJielt, HATOITHIIIEN U TIOTEPTOCTEN; He UMesa
3HAYMMBbIX ITPU3HAKOB Jedopmariumn.

Opre3 Ha TOJEHOCTOIHBIN CyCTaB IPUOOPETAIICS
ManyeHToOM A0 MOCTYIUIEHUS B CTalMoOHap Jnbo u3-
TOTaBAMBAJICS B IIPOM3BOACTBEHHOI JIabopaTopmm Ha
JTare MPOXOXKIEeHNS peabMInTalyy B CTalliOHape 10
pelIeHNI0 MeIMKO-TEXHMUECKO KoMmuccuu. B coctas
MeAUKO-TeXHUUeCKOl KOMUCCUYM BXOAWIN TPU Bpaua
TpaBMarToJiora-opronena (npeacematenb MTK, 3a-
BeIyIOUIMI OTIOeNeHNEeM, Jieyalliuii Bpad), HAyYHbIN
COTPYAHMK MHCTUTYTa TIPOTE3UPOBAHUS U Op-

Puc. 1. OpTe3 Ha TOIEHOCTONIHBIE CYCTaBbI U CJIOXKHAS
opromnennyeckast 06yBb

Fig. 1. Ankle orthosis and complex orthopedic shoes
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Te3MpOBaHMsl, a TaKKe KaK MUHUMYM OIMUH TeX-
HUK-OpPTe3UCT. BbIGOp THUIA KOHCTPYKIMU OpTe3a
Ha TOJIEHOCTOITHBIN CyCTaB OIpeNesyicsl COTacHO
kinaccupukanum J. Rodda u H.K. Graham gjis 6unarte-
PaJIbHBIX cracTMUeCcKuX (GopM IiepebpabHOTO Iapa-
JiM4a B 3aBUCUMMOCTHM OT ITaTTepHa MOXOAKM MaljieHTa
[13]. OpTes ucronb30BaiCs MalMEeHTOM [0 UCCIeNO-
BaHMS He MeHee 4 HeJ,., IpU 3TOM HOIlleHMEe U3AeNs
He BBI3bIBAJIO AMCKOMDOpTA.

Perucrpanuyst OBVOKEHUMIT 4eslOBEKAa OCYIECTBIISI-
Jlachb ¢ TIOMOIIbI0 12 ONTUYECKMX MHGPPaKPaCHbIX
kamep Miqus M5 (IllBenus) ¢ paspemieHnueM 4 Mm u
yactotoit 100 I'u. PeKOHCTpyKUMSI OBUKEHUI Tena
OCYUIeCTBJIs/IaCh C TOMOIIbI0 CBETOOTPAXKAIOIINX
MapKepoB AuamMeTrpoM 12,5 MM, KOTOpble yCTaHaB-
JIMBAJIMUCh Ha aHATOMMUYECKMe TOUKM C UCII0/Ib30Ba-
HueMm Mmertonuku IOR (Instituti Ortopedici Rizzoli —
WNucTuTyT opToneauyu Pusonu, B 4eCTb KOTOPOTO Ha-
3BaHa MeTOAMKAa YCTAaHOBKM UM aHaIM3a MOJIOKeHUS
mapkepos) [14] (puc. 2).

Mogenb ckejieTa NOCTPOEHA B MPOTrPaMMHOI Cpe-
nme Visual3D Ha OCHOBE YCTaHOBJIEHHBIX MapKepOB
(puc. 3).

[Tocne mocTpoeHMs MOIenM cKejeTa 3aJaBajuCh
pacyeTHble TMapaMeTpbl, MO3BOJSIONIME TTPOU3BECTU
KOMILJIEKCHYIO OIIeHKY (YHKLMM XOAbObI pebeHKa
¢ JIIIT o TpeM OCHOBHBIM HaITpaB/IeHMSIM/6I0KaM.

[TepBbIit 610K — MCCIeIOBaHME TPOCTPAHCTBEHHO-
BpPEMEHHBIX ITapaMeTPOB XOObObI: IJIMHA IIara (M)
IJISI TIPABOM M JIEBOWM HMKHEI KOHEYHOCTU; CKOPOCTh
mara (m/c); 6asa mara (m). B kauectBe HOpMaTUBHOI

Puc. 2. ®orodukcamyus
JCCIeNOBaHMS:
yCTaHOBKA MapKepoB
Ha HMKHME KOHEYHOCTH
u Tas

Fig. 2. Photofixation

of the study: installation
of markers on the lower
extremity and pelvis

0a3bI [IJIST OMCAHHBIX TAapaMeTPOB XOIbObI UCITONIb30-
BaHbI JaHHbIE TUTEpaTypsI [15, 16].

BTopoii 6510k — MccIemoBaHe KMHEMATUKMA KPYII-
HBIX CYCTaBOB HIDKHUX KOHEUHOCTeH B JBYX IJIOCKO-
CTSIX (CaruTTaJbHOM ¥ TOPU3OHTAIBHOI): CrubaHue
u pasrubaHue B Ta300eIpeHHbIX cycTaBax (Yroma oef-
pa); crubaHue U pasrubaHMe B KOJIEHHBIX CyCTaBax
(Yyros KOJIEHHOTO CYyCTaBa); IOJIOKEeHME IJIAaHTAPHOM
TOBEPXHOCTM CTON MM TIOAOLIBEHHON TMOBEPXHO-
CTY 00YBM OTHOCUTEIHHO OIIOPHOV MOBEPXHOCTU —
Foot pitch (carmTTajabHbBIA YIOa OBUKEHUSI CTOIIbBI);
MOJIOXKEHME CTOMbl OTHOCUTEIbHO BEeKTOpa [OBU-
skeumnst — foot progretion (yron pasBopoTa CTOITI).
AHanuM3 KuHEMaTUKM TMPOBOOMJICS B Iporpammax
QTM (Qualisys), Visual3D (C-Motion) 1 ¢ IMoMOIIbIO
kianyeckoro PAF Gait Moy, BCTPOEHHOTO B IIPO-
rpaMMHOe obecrieyeHue.

TpeTuii 6JIOK — MHTErpaIbHbIN ITOKA3aTe/lb — UH-
mekc moxonku (gait profile score — GPS), koTOpbIii
paccumMTaH Kak IJ100aJIbHO JJIS TIPaBOi U JIEBOI HIK-
HUX KOHEYHOCTEHN, TaK ¥ OTAEIbHO ISl Ta300eIpeH-
Horo (TBC), konernnoro (KC), roleHOCTOITHOTO CyCTa-
BOB (I'CC) 1 1osyioskeHMsI CTOIT OTHOCUTE/IbHO BEKTOpa
nBmskenus (foot progression). Metomuka pacuera GPS
omnucaHa B iurteparype [4, 17, 18].

Perucrpauysi KuHeMaTUKU OBVOKEHUI ITPOBOAM-
nace B nporpamMme QTM (Qualisys), a moctpoeHue
CKeJleTa M aHaJIN3 JaHHbBIX — B Iporpamme Visual3D
(C-Motion). ApredakTbl ABVIKEHUSI KOXM, KOTO-
pble MOBAUSIIM Ha KMHEMATUKY JBUKEHUS MapKe-
pPOB, GUABTPOBAINCH C TIOMOIIBIO HU3KOYACTOTHOTO
dbwibTpa yeTBepTOoro MopsAka barrepBopra c yac-
TOTOM cpe3a 12 T'u. Pe3ynbTaThl KMHEMATUKM aHa-
JIM3UPOBAIUCH B COOTBETCTBUM C MEKIYHAPOLHBIMU
CTaHAapTaMyu C IIOMOIIbI0 KJIMHMUYECKOTO MOMYJS
PAF (Clinical Gait) kommanum Qualisys. Kaxkmplii mc-
MIBITYEeMbIi ITPOXOAVII IEPUOZA, afarTalum B Jabopa-
TOpUn. AHANIM3UPOBAINUCh B cpegHeM 20 m1aroB gJjs
KaXXJI0TO opToneauueckoro cpencrsa. llaru pasge-
JISIIUCh Ha LIMKJbI, TAEe LMK 1iara MnpeacTaBiIsiics
Kak BpeMeHHO} MPOMEeXYTOK OT Haudaja KacaHUs
ATk ¢ omopor (0%) mo ciemgyroliiero KOHTaKTa
sATKy ¢ onopoi (100%). [TponsBoauacsa aHaJIU3 UH-
JleKca XoabObI IS Pa3IMIHBIX CYCTaBOB U B IIEJIOM,
KOTOPBIIi pacCUUTBIBAETCS MYTEM CpaBHEHUsS YIJIO-
BBIX ITOKa3aTejieii CyCTaBOB C HOPMAaTUMBHOI 6a30it
IaHHbIX. [Ipy 5TOM, UeM Gosbllle 3HAUEHNE MHIEKCa

Puc. 3. Mogenb 1151 peKOHCTPYKLUUM CETMEHTOB Tejla
yeyioBeka B Visual3D (C-Motion), ucronb3yemas

MIpY aHAJIM3€e XOMbOBI, TIe KeJIThIe (KATMOPOBOYHBIE)
MapKepbl CHUMAIOTCS TIPY JMHAMMUYECKOI pErucTpauyum
noxonxku (IOR mognens)

Fig. 3. A model for reconstructing of human body segments
in Visual3D (C-Motion), used in the analysis of walking,
where yellow (calibration) markers are removed during
dynamic gait registration (IOR model)
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MIpeBBIIIAeT TOKa3aTe/ HOPMBbI, TeEM TsiKenee hyHK-
LIMOHAJbHbIE HApyIIeHUs XOObObI, a yMeHbIIeHNe
MHAEKCA TeMOHCTPUPYET NPUOIMKEHME YITIOBbIX
rnokasaTesieii K CpeJHMM 3HaueHMSIM HOPMaTUBHOM
6a3bl (HopMa). PacueTr MHAEKca XoabObl 6ojee MOm-
pobHO omucaH B nuteparype [4, 18, 19]. CornacHo
JIaHHBIM JIUTEPATypPbl, HOPMaTUBHBIMU JaHHBIMU 110
YKa3aHHOMY MHIEKCY MOXXHO CUMTaTbh MOKa3aTelu
Hke 8,5 [19, 20, 21].

CraTucTUYeCKN aHaInu3

CTaTUCTUUeCKUI aHanu3 KOIMYECTBEHHBIX I10-
KasaTeseii Ayl 06001IeHHO TpynIbl (T.e. 6e3 pac-
IpeaeaeHus Ha TPYHIlb 1Mo Kiaccudukauumu GMFCS)
MpoBeJleH HermapamMeTpUueCcKMM METOAOM JJisl CBSI-
3aHHOJ BBIOOpKM — T-KputepueM BuaKkokcoHa.
CraTuctuyeckas 3HAYMMOCTb 3aduUKCUpOBaHa Ha
ypOBHEe BeposiTHOCTU ommbku p<0,05. ITocrte pac-
npenenenus mnauueHToB Ha rpynmbl (GMFCS 2 n
GMEFCS 3) npuMeHeHMEe CTaTUCTUUYECKUX METOMO0B
0Ka3aJioCcb HEBO3MOXHBIM B CBSI3M C HeJOCTaTOY-
HBIM YMCJIOM NAlMEeHTOB B Kaxkao¥ rpynre. [TosTomy
B Tabnuile 3 mpeAcTaBieHbl TOJbKO MeIViaHHbIe 3HA-
YeHMs C BePXHUM UM HIDKHUM KBapTWISIMU B Gop-
mate Me (LQ; UQ). O6paboTKa JaHHBIX BBIIIOJTHEHA
C UCIIOb30BaHMeM MakeTOB MPUKIAJHbIX TPOTPaMM
Visual3D, Clinical Gait PAF (Qualisys), Statistica 10
u Excel.

PE3VJIbTATbDI

Knuunueckast oleHKa MaTTEPHOB XOAbOBI IMPO-
JIeMOHCTPUPOBAsa, YTO y OLHOIO MaleHTa MUMeeTCs
MEePBBI TUIM TaTTePHA XOObObI — MCTUHHBIN SKBU-
HYC; Y ABYX Mal€EHTOB — BTOPOI TUIl — «IIPbIrar0-
mjasi» MOX0JKa; Y OGHOTO MauyeHTa — TPeTuit TUI —
KaKyLMICS 3KBUHYC; Y TISTU MallMEHTOB — YeTBep-
TBII TUIT — «COTHYTAasl» MOXOJKa.

[y BBISIBIIEHUSI CTaTUCTUMYECKM 3HAYMMOTO pas-
JIMYYS TIPOCTPAHCTBEHHO-BPEMEHHbBIX XapaKTePUCTUK
XOObOBI JIeTeil B TecTax OOCUKOM, B CJIOXKHOI OpTOIIe-
Iydeckoii 06yBu v B AFO BBITTOIHEHO TTOITApPHOE CPaB-
HeHMe IM(POBBIX 3HAUEHMI STUX TECTOB (Tabi. 1).

Kak BuaHO 13 Tabmuipl 1, B TeCTax ¢ opToneanye-
cKoii 00yBbI0 1 AFO 1o cpaBHEHMIO C TeCTOM 60CHU-
KOM CTaTUCTUUYECKU 3HAUMMbIE Pa3UUMS BbISIBIEHbI
TOJIBKO I10 TIEpeMEHHO IJIMHbI [IaTa TPaBOii HUKHEN
KOHEYHOCTH.

Pe3ynabTaThl CTATUCTUYECKOTO MMOMIAPHOTO CpaBHe-
HMS MHTErpaibHOTO MOKasaTessl (MHOEKCa MOXOIKN)
TpeICTaB/JIeHbI B TAOIMIIE 2.

[laHHbIe, TpeICcTaBJIeHHbIE B TabnuIle 2, yKa3bIBa-
IOT Ha CTaTUCTUUECKM 3HAUMMOE pas3inyue 1o Tpem
repeMeHHbIM IIpU UCIONAb30BaHuM opre3a Ha I'CC
10 CPaBHEHMIO C TECTOM OOCMKOM, TOr[la Kak HOIlle-
HMe OPTOIeaNYecKoii 06yBY IIPUBEIO K YIYUIIeHUIO
TOJIBKO OJHO U3 epeMeHHbIX. [fornmapHoe cpaBHeHMEe
AFO u oprorneanyeckoit 06yBy BBISIBUIO CTATUCTUUE-
CKM 3HAYMMOe pasinuiue 1o ABYM IlepeMeHHbIM.

PesynbraThl aHanmM3a MeOMAHHBIX 3HAYEHUI
C BEPXHUMM U HUSKHUMMU KBAPTUIIIMMU C Y4€TOM YPOB-
HS IJI00QIbHBIX MOTOPHBIX GyHKIMII — GMFCS 2 un
GMFCS 3 npencraBiieHbl B Tabnuile 3.

VI3 maHHBIX, IPEeICTaBIeHHBIX B TAOIMIIE 3, BUITHO,
YTO IpU Ucnonb3oBaHuu opresa Ha ['CC y nanueHToB
¢ ypoBaeM GMFCS 2 110 cpaBHEHMIO C XOAb00i1 60CH-
KOM OTMeYeHa MOJOXUTe/NbHas TeHAEeHIMS B YIyd-
LIeHUM TI0Ka3aTesell Tpex IepeMeHHbIX, OMMChIBal0-
LIMX IPOCTPAaHCTBEHHO-BPEMEHHbIe XapaKTePUCTUKI
X0ObObI, 1 MO 7 M3 8 McCaemOBaHHbIX IOKa3aTeeii
MHJEKCa TOXOOKM, TOTAA Kak y JeTeil C ypOBHEM
GMFCS 3 — 10 BCeM OTMEUEeHHbIM IT€pEeMEHHBIM.
AHanM3 pesyJabTATOB TECTOB XOObOBI OOCUKOM WU
B OpTOIeanYecKkoii o6yBM TTOKa3aj, uTo P UCIIONb-
30BaHMM MOUIEOHEN y MaluueHToB ¢ ypoBHeM GMFCS
2 OoTMevanach MOJOXKUTENbHA TeHAEHLMS K yydllle-
HMIO 6a3bl U IJIMHBI IIara MpaBoil HIKHE KOHEUHO-
CTbIO, a TakKe 7 U3 8 moKasaTeei MHAeKCca IMOXOOKM,
Torga kak B rpynre GMFCS 3 mosoxkuTenbHasl TeH-
IeHLMs] BbISIBJI€HA IO BCEM TPeM aHaIU3UPyeMbIM
MPOCTPaHCTBEHHO-BPEMEHHBIM TOKa3aTelsiM U TI0
4 u3 8 mokasaTeiei MHIeKCa IOXOIKN.

UccnegoBaHue KMHEMAaTUKU OBUMKEHUSI KPYITHBIX
CYCTaBOB HMKHMX KOHEUHOCTel IIpefCcTaB/ieHO Ha
pUCYHKe 4.

Tabnuya 1

PeBYJIbTaTbI IIOIIAPHOTO CpaBHEHMS IIPOCTPAHCTBEHHO-BPEMEHHbBIX XapPaKTEePUCTUK XO)I])GI:I I[ETeﬁ
C ,Zl].[l'[ IIPU BBIIIO/THEHUN Pa3/INYHBIX TECTOB C IPMMEHECHMNEM KpUTEPUS BunkokcoHa

O600611eHHas rpyrna, n =9
TapameTp Tect Pe3ynbTaThl CPaBHUTEIBHOTO aHA/IN3a, YDOBEHD P
60CHKOM 60CUKOM OpT. 06yBb
60CUKOM OpT. 06YBb AFO 1 OpT. 06YBh 1 AFO 1 AFO
JleBast 0,35+0,08 0,36+0,02 0,38+0,10 0,398 0,515 0,753
JnuHa
mara, M | [IpaBast 0,30£0,11 0,40+0,05 0,36+0,09 0,028* 0,021* 0,866
CKropocTb mara, Mm/c 0,53+0,32 0,73+0,19 0,60+£0,30 0,398 0,678 0,735
Basa mara, M 0,16+0,07 0,17+0,03 0,17+0,05 0,866 0,515 0,499

* 3HaueHyMe CTaTUCTUUECKN 3HAUMMO.
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Puc. 4. ToHMOrpaMMBbl KPYITHBIX CYCTaBOB HYDKHUX KOHEUHOCTEI AeTeli co criactuueckumu popmamm LTI
TMpumeuarue: Bf — 6ocukom; Orthoshoes — opromneanueckast 06yBb; AFO — opTe3 Ha IOJIEHOCTOIHBIN CyCTaB;

«cepasi 1oj10ca» KOpUAOp 3HaUeHMI — 3TO IOIyCTMMasl HOpMa; eqyHuIel u3MepeHus 1o ocu opauHart (Oy) SIBJISIOTCS
rpamychl; o ocu abeiycca (OX) — MPOILEHT OT IMKJIA IIara, rae Bech MK mara — 100%

Fig. 4. Goniograms of the lower extremity’s large joints of children with spastic forms of cerebral palsy.

Note: Bf — barefoot; Orthoshoes — orthopedic shoes; AFO — ankle orthosis; the «gray stripe» corridor of values is an
acceptable norm; the unit of measurement on the ordinate (Oy) is degree; on the abscissa (Oh) is the percentage

of the step cycle, where the entire step cycle is 100%
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Tabnauya 2

Pe3ynbTaThl CTATUCTUYECKOTO TOMAapHOTO CPaBHEHMS MHIEKca XoabobI aeteii ¢ T1ITT
B TeCcTax 60CMKOM, B OPTOIIEANYECKOI 00YBU U B OpTe3e Ha TOJI€HOCTOIHBI CYCTaB
C MCIIO/Ib30BaHMeM Kpurepusi BuikokcoHa

O60611eHHas rpymmna, n = 9

Pe3ynbTaThl CPAaBHUTETHHOTO aHAIN3A,

[lapamerp Tecr YPOBEHb p
60CHKOM 60CUKOM U OpT. 00YBb

60CHKOM OpT. 06YBb AFO 2 OPT. 06YBD AFO 1 AFO
VIHaeKC ITOXOIKU — 14,8+2,9 14,8 +4.7 11,7+ 2,6 0,345 0,008* 0,028*
J1eBast HYKHSIS
KOHEYHOCThb
VHpeKc mOXoaKu — 15,1+2,0 14,0£2,6 13,0£2,18 0,063 0,008* 0,499
TpaBast HUKHSIS
KOHEUYHOCTh
VHIeKc mOXooKU — 22,5+6,4 23,7%8,4 19,1%6,1 0,499 0,008* 0,023*
KC cneBa
WHpekc moxogku — 22,4%5,8 22,3%8,0 19,8+5,3 0,933 0,093 1,000
KC cnpaBa
VHpeKc moxXoqKky — 14,8+4,1 17,0+8,5 12,4+4.8 0,176 0,374 0,237
I'CC cneBa
VHpeKc moxXoaKky — 16,7+6,0 15,547,5 14,7+4 .4 0,866 0,26 0,753
I'CC cripaBa
Vron pasBopota 17,1£6,5 15,4491 13,0%5,7 0,753 0,263 0,345
CTOIIBI CJIEBA
Vron pasBopota 18,3%10,5 13,7%9,2 15,1£8,8 0,028* 0,401 0,116
CTOITBI CIIpaBa

* 3HaUeHMe CTATUCTUYECKM 3HAUMMO
Tabnuya 3

Pe3ynbraThl aHaIN3a UCCIEIOBAHHBIX IEPEMEHHBIX B YCIOBUSIX TECTa OOCMKOM, B CTAHAAPTHOI
U B OPTONEANYECKOIf 00YBU C YYETOM YPOBHSI HApyIIEeHUs [I00aTbHbIX MOTOPHBIX yHKuuit GMFCS
(Me (LO ; UQ)

VpoBeHb HapyHIeHNS IJI00ATbHBIX MOTOPHBIX QYHKIIMIA

GMFCS 2,n=4 GMFCS 3,n=5
ITlepemeHHbIE
Tect Tect

60CHKOM OpT. 06YBb AFO 60CHKOM OpT. 06YBb AFO

JleBast 0,36 0,36 0,40 0,28 0,34 0,35
IUmHa mrara, (0,33;0,41) (0,33; 0,38) (0,36; 0,45) (0,27; 0,34) (0,26; 0,46) (0,31; 0,37)

M IpaBas 0,37 0,43 0,41 0,26 0,37 0,33
(0,35;0,41) (0,34; 0,44) (0,39; 0,46) (0,24, 0,31) (0,27; 0,37) (0,28; 0,34)

CkopocTb 1mara, M/c 0,83 0,66 0,85 0,27 0,31 0,32
(0,64;0,97) (0,59; 0,95) (0,78; 0,92) (0,21; 0,34) (0,18;0,59) (0,29; 0,56)

Basa miara, M 0,14 0,15 0,16 0,13 0,15 0,15
(0,12; 0,20) (0,14; 0,20) (0,15; 0,19) (0,1;0,2) (0,125 0,22) (0,11; 0,18)

WNHaeKkc moxXoaKu — 14,4 10,2 12,0 16,2 15,6 12,1
JieBasi HUKHSIS (12,5; 16,3) (9,7; 16,4) (9,2; 14,8) (12,3; 16,4) (13,0; 19,9) (10,2; 12,1)

KOHEYHOCTh

NHpexc moxoaku — 16,3 13,0 14,0 (13,6; 14,5 14,5 11,8

TpaBast HYKHSIS (14,9; 16,9) (13,0; 15,3) 14,7) (14,0; 15,8) (11,3;17,1) (10,1; 12,5)

KOHEUYHOCTb
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OxoHuaHue mabauyst 3

VpoBeHb HapyIeHNSs TI0O6aTbHBIX MOTOPHBIX (PYHKIIMI
GMFCS 2,n=4 GMFCS 3,n=5
[TlepemeHHbBIE
Tect Tect

60CUKOM OpT. 06YBb AFO 60CUKOM opT. 06YBb AFO
VHeKC ITOXOOKNA — 19,6 15,5 15,6 21,7 25,5 18,6
KC cneBa (16,2; 28,4) (15,1; 35,2) (14,2; 24,8) (18,4; 26,5) (19,6; 30,4) (17,7; 19,0)
HHaeKkc moxXomxu — 18,8 14,9 17,0 24,4 23,3 18,5
KC crpaBa (14,9; 26,8) (13,0; 31,2) (15,4; 25,3) (20,0; 25,5) (18,4; 30,0) (18,4; 19,0)
VHaekc moXogKku — 12,9 13,7 13,5 13,8 17,6 10,6
I'CC cneBa (11,7; 16,2) (6,2; 22,0) (9,8; 18,8) (13,1; 19,4) (12,4; 26,3) (9,4; 13,2)
WNHaekc moxoaxu — 13,8 8,2 12,4 17,7 16,1 13,0
I'CC cneBa (9,0; 18,3) (6,1; 22,5) (11,5; 17,6) (14,7; 24,0) (13,5; 22,5) (11,2; 18,2)
WHupekc moxonku foot 18,9 9,0 13,5 16,9 20,1 9,9
progretion ciieBa (15,0, 20,8) (5,6; 20,1) (8,6; 20,8) (9,7; 23,0) (8,6; 29,1) 9,1; 13,5)
WHupexc noxonku foot 22,7 12,4 19,0 11,2 9,7 8,8
progretion cripaBa (13,4; 32,6) 9,9; 31,7) (12,0; 27,3) (7,8; 19,5) (5,8; 12,8) (7,2; 13,8)

OBCY>XIEHUE

OnHMM U3 BaXHBIX COCTAB/SIOIIMX KOMIUIEKC-
HOTO GMOMEXaHMYeCcKOro OOC/IeOBaHUSI MallMEHTOB
¢ JUII aBasieTcs OLjeHKa IMPOCTPAaHCTBEHHO-BPEMEH-
HbIX [TOKa3aTejieil XoabObl, YTO OCOOEHHO aKTyaabHO
rpu olieHKe 3¢ deKTUBHOCTM OpTe3upoBaHus. B uact-
HOCTH, 110 JaHHBIM psiia UCC/IefoBaTesel, UCIIOIb30-
BaHMe opre3a Ha I'CC yBeIMumMBaeT CKOPOCTb XOIbObI
[22, 23, 24] u gauny wara [25, 26, 27]. 1o HawMM faH-
HBIM, CTaTUCTUYECKM 3HAUMMOE pasauume INpuU MUC-
MOJIb30BAHUU OPTOTIEIMYECKOI 06YBY U OpPTE30B HA
I'CC 1o cpaBHEHUIO ¢ X0Ib0OO0TI 60CMKOM HABIIOIATOCH
TOJIBKO I10 TIepeMEeHHO IJIMHbI 11ara paBoii HUKHeN
KOHEYHOCTU. B TO ke Bpems IONapHOe CpaBHEHMe
pe3y/lbTaToOB XOAbOBI IO YyKAa3aHHBIM IepeMeHHbIM
He MPOAEMOHCTPUPOBAJIO CTATUCTUYECKM 3HAUUMON
pasHuibl (cM. Tabm. 1). Haimm pesynbTaThl COOTBET-
CTBYIOT TEHJEHLMSIM, IPEACTaBA€HHbIM 10 Pe3Yib-
TaTaM eOVHUYHBIX ucciaenoBaHuii [28, 29]. JanHoe
MPOTUBOPEYME, HA HAIll B3VISII, MOKET ObITh 00YCJIOB-
JIeHO pa3HbIMM (aKTOpaMy, B TOM UMC/Ie pasauuueM
YPOBHSI IBUTATEIbHON aKTUBHOCTU UCHBITYEMbIX 10
wiaccubuxkauuym GMFCS m pasHbIMM HaTTepHaAMU
xombp0Obl. Bomee Toro, maiueHThl ypoBHS GMFCS 3
B OT/IMYME OT Oojiee «IerKuX» 6OJbHBbIX UCIIOIb30Ba-
U TpU XoAbOe MOMOTHUTENbHbIE CPENCTBA OIOPSI
(TpOCTH, XOMYHKM), BIUSIIONME HA CTEPEOTUIT XOABOBI.
[To 3TuM mpUYMHAM MbI TIPEICTaBUIM B HACTOSIIEN
paboTe OIEHKY Pe3y/IbTaTOB BIAMSHUS OpPTOTIEIUYE-
CKOTO obecrieueHust Ha GMOMEXaHVKY XOAbObI y 60JTb-
HbIX ¢ JUIT ¢ y4eTOM YPOBHSI ITI06QIbHBIX MOTOPHBIX
dynxunit GMFCS.

[laHHbIE, IPECTaBIEeHHbIE B TAOMNUIIE 2, YKa3bIBa-
IOT HA CTATUCTUYECKM 3HAUMMOE Pasjauune B Xombbe
10 TPEM MepeMeHHbIM (MHAEKC XOIbOBI JIEBOI U Tpa-

BOI HVDKHMUX KOHEUHOCTEH; MHAEKC XOAbObI JIEBOTO
KC) npu ucnonp3oBanuu opresa Ha I'CC o cpaBHe-
HUIO C TeCTOM GOCMKOM, TOT[la Kak HOIIeHWe OpTO-
MeANYecKoil 06YyBM TPUBENIO K YIYUNIEHUIO TOJIBKO
OOHOI (Yyron pa3BopoTa IIPaBoi CTOIIbI) U3 IlepeMeH-
HbIX. [TonapHoe cpaBHeHMe XoAs0b1 B AFO 1 oprore-
JIMYECKOI 0OYBU BBISIBWIO CTATUCTUYECKU 3HAUMMOE
pasyiuMume 1o JBYM IMepeMEeHHbIM (MHAEKC XOIbObI
JIEBOW HVDKHEI KOHEUHOCTU U UHIEKC XOMIbOBI JIEBOTO
KOJIEHHOTO CYyCTaBa).

Ilocne pacmpeneneHus] HAlMEHTOB HA T'PYIIIBI
MpMMeHeHNe CTAaTUCTUYECKMX MEeTONOB OKa3ajioCh
HEeBO3MOXHBIM BBUJLY HEJJOCTATOYHOCTU KOIMYECTBa
GOJIbHBIX B KaXKI0Vi TPYIINe, B CBSI3U C 3TUM B Tab/Iu-
e 3 mpelcTaB/ieHbl TOJMbKO MeIVaHHble 3HaueHUs
MCCIeyeMbIX TlepeMeHHBbIX C yKaszaHueM BepxHero
M HIDKHero KBapTuiieii. Micxonst U3 BbllllecKa3aHHOTIO,
o6GCykIeHMe IMMOCTPOEHO Ha OCHOBAaHMM YKa3aHHBIX
pesyabTaToB. Tak, JaHHbIE, MTPEeICTABICHHbIE B TA6-
nuile 3, moxkasanau, yTo HomeHue AFO 1o cpaBHeHUIO
C X0Ib00i1 60CHKOM IOMOXKUTENIBHO BIMSIET Ha Ipo-
CTPaHCTBEHHO-BpPeMeHHble XapaKTepPUCTUKU TIOXO[-
KM (OJIMHY U CKOPOCTD 1Iara) ¢ pasjanumusiMu CpeJHUX
3HAUYeHMI1 B Auanas3oHe ot 5,5 10 26,0%, B 3TOM HalIu
pe3y/ibTaThl COIVIACYIOTCS C JaHHBIMU JIMTEPaTypbl
[22, 23, 24, 25, 26, 27]. IIpMeuaTeabHO, YTO 3TU pa3-
JUuust TeM GOJIbIlIe, YEM TSKeJlee YPOBEHb Hapyllle-
HUS IT00AJIbHBIX MOTOPHBIX (GyHKIMHA. Tak, y manu-
eHTOB rpynnbsl GMFCS 2 1o ykazaHHBIM ITOKa3aTessim
BbIsIBJeHa pasHuua no 10,0%, y nauueHTOB IpyNIIbI
GMFCS 3 — no 21,2%. BnusHue HOIlIeHUSI OPTOTIeqU-
Yyeckoii 00yBM Ha MPOCTPAHCTBEHHO-BPEMEHHbIE Xa-
PaKTePUCTUKU MTOXOAKH 110 CPABHEHUIO C X0 b00I 60-
CMKOM HEOJHO3HAUHbI ¥ 3aBUCSIT OT BbIPAsKEHHOCTU
HapyIleHUs I06aTbHBIX MOTOPHBIX QYHKIIMIA B COOT-
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BeTCTBUM C Kinaccuduranmeit GMFCS :y meTeii ¢ ypos-
HeMm GMFCS 2 nipuBesio K CHVOKEHUIO CKOPOCTU XOb-
Obl HA YeTBEPTh M YBEIMUYEHMIO IJIMHBI 1Iara CripaBa
6e3 CylIeCcTBeHHOTO M3MEHEHUS AJIVHbI [ara cjieBa,
TOTHa Kak y maiueHToB ¢ ypoBHeM GMFCS 3 moso-
SKUTEJIbHO TIOBJIMSIIIO Ha BCe MCCieayeMble TPOCTpaH-
CTBEHHO-BpeMeHHbIe XapaKTePUCTUKU MTOXOIKMU.

AHanu3 TOHMOrpaMM, MNpeACTaBAe€HHbIX Ha pPU-
CYHKe 3, TI0oKa3aj, YTo Yy BCeX MalMeHTOB He3aBUCU-
MO OT Tuma (uKcaluy CTOIbI HauvajbHas (asa Ie-
pMoza OMOpbl HAUMHAETCSI He C KOHTaKTa IMITKY, KaK
B HOpMe, a C OIOpPbI MPaKTUYECKU BCeit IUIaHTap-
HOJi TTIOBEPXHOCTBIO CTOIbl, 0 YeM KOCBEHHO CBUJe-
TeJbCTBYIOT JaHHbIE, TIPeCTaB/leHHble Ha rpaduke
«CaTUTTAIBHBINA YTON ABUKEHUS CTOMbBI». DTOT HaKT
coryacyeTcsl ¢ JaHHBIMM JIUTepaTypbl. B yacTHOCTH,
JI.M. CMMupHOBa C COaBTOpaMM BBISIBUJIN, UTO Y ITally-
€HTOB C YPOBHSIMM HapyIIeHUS TTI00aTbHBIX MOTOD-
HbIX QyHKUIMiT GMFCS 1-3 Hab/1I00al0TCs CTaTUCTIYE-
CKM 3HauMMble pa3jnumsl B mokasaresie napuyaabHOi
Harpysku Ha IISITKY [Py XOnbbe B OPTONemnuecKoi
00yBM 10 CPAaBHEHMIO CO «CTAHIAPTHON» — CHIDKEHME
Harpys3KyM Ha IISITKY 0 CPaBHEHMIO C XOAbOOJ meTeii
B HopMe [30]. Kpome 3Toro, HabmromaeTcss mMpoJIOH-
raiusi epuoga omopbl BO BpeMeHU 10 CpaBHEHUIO
C HOPMOJi ¢ MakCcMMyMOM B rpymme GMFCS 3. Tor ¢axkT,
YTO IIPY CPAaBHUTEILHOM aHasM3e BbICOTa OTPhIBA IS T-
KM OT OITOPHOJ IMOBEPXHOCTU M aMIUIUTYHA CTUOaHMUS
B roJIeHOCTOIMTHOM cycTaBe B AFO oka3anach MeHbIIIe,
yeM B OPTOIEeINYecKoil o6yBu, 0OYCIIOBIEH TEM, UTO
OpTe3bl Y HEKOTOPbIX UCIIBITYeMbIX M3HAYa/IbHO KOH-
CTPYKTMBHO MMeJM OTPaHUYeHMe TUIAHTapHOM ¢iek-
cuy. O6bEKTUBHBIMY TAHHBIMY, ITOATBEPKIAIOIIMMM
BbIIIEONMCAHHbIe (DAKThI, SIBJISIOTCS CYIIECTBEHHOE
yBenu4YeHMe OJIMHBI ¥ CKOPOCTH IIara y UCIIBITYEMBbIX
B 0000111eHHOI rpyTine u rpymnne GMFCS 3.

Y Bcex AeTeil He3aBUCKUMO OT TUIA UCIIOIb3yeMOM
00yBY OTMEeUaeTCs TEHAEHIVS K BHYTPUPOTAIIMIOHHO
YCTaHOBKE HMKHMX KOHEYHOCTEl U pas3BOpPOTY CTOI
BOBHYTPb, UTO MOATBEPXKIAETCS B HEKOTOPBIX 3apy-
OeskHbIX IMyonuKanusx. Tak, mo gaaabiM R.K. Elnaggar
¢ coaBTOpamu, y mete ¢ IIII OTKIOHEeHMEe OT HOPMBbI
rokasaresieii KMHeMaTUKU IOBVOKEHUSI B CaruTTallb-
HOJi IIJIOCKOCTY SIBJISIETCSI YacCTOi IPoO6/ieMoii U HO-
CUT MHOTOYPOBHEBBII XapaKTep, BKIYAILINIA B TOM
Yyyciie BHYTPUPOTALMOHHOE TMOJIoKeHue crom [31].
B To >ke Bpems Tun dbukcanum, Kak BUTHO HA PUCYH-
Ke 3, MOXeT MOBJMSITh Kak Ha CTelleHb JaHHOM yCTa-
HOBKM, TaK 4 Ha ee CUMMEeTPUYHOCTb CIIpaBa " cJieBa.
Y nauyeHToB ¢ ypoBHem GMFCS 2 npwu ucrosnb30Ba-
HUM OPTOTIeANYECKOii 00YBY 110 CPaBHEHMIO C APYTH-
MM TECTaMM OTMeuaeTcs Haubosiee 6M3Koe K HOpMe
TOJIOXKEeHMe CTOM: JieBasi CTOMa MPU MCIOIb30BaHUU
opTorennuyeckoit o6yBM B TeueHMe BCEro Iepuona
repeHoca CTOIbl HAaXOAUTCSI B HOPMaTMBHOM Aua-
ra3oHe, MOJOXKEHNe TPABOIl CTOIBI B HaMMeHbIIen
CTeleHM OTKJIOHEHO OT HOpMbl. ClielyeT OTMEeTUTb,

YTO JIeBasl CTOIa Ipu TecTax 6ocukom u B AFO B me-
puog, IepeHoca HaXOAUTCS B TIpeJiesiax HOPMbI, OJJHa-
KO acCMMMeTpMUSI C KOHTpajaTepaibHO KOHEUHOCThIO
3HaUNUTENIbHO MMPEBbIIIAeT aCMMMETPUIO aHATOTUYHO-
'O ITIOKa3aTeJIs IIPU XoAbbe B OPTOIeaNUYeCKOii 00yBHA.
Y nauyeHToB ¢ ypoBHeM GMFCS 3 mpu ucnonb30Ba-
Huu AFO B TeueHMe BCero Iepuona rnepeHoca CTO-
bl HAXOASTCS B HOpPMAaTUBHOM JMara3oHe. B Tectax
060CMKOM ¥ B OpTOIEAMYECKOl OOYBM JjieBasi CTOMaA
MpaKkTUUYECKM Ha BCeM MPOTSIKEHUM 1[MKJIA 1llara Ha-
XOOUTCS B TONOXKEHUM BHYTPEHHEN poTaluu, Torga
KakK KpuBasi, ONMChIBAIOIIAsl TPAEKTOPUIO IIPaBOJi CTO-
Tbl, JUIIb Ha HE3HAUUTETbHOM IPOTSDKEHUM Tepu-
olla mepeHoca pacrojaraeTcs B Auarna3oHe HOPMBI.
Hamm pesynbpTaThl He HACTOJIbKO ONHO3HAYHBI, Kak
y B. Damino ¢ coaBTopamu, YTBepsKAAOIINX, YTO MC-
nosib3oBaHme AFO mpuBeso K HapaCTaHUIO BHYTPU-
POTaLMOHHOTO TOJIOXKEeHMS CTOI 'y UCIIBITYeMBbIX [32].
Ha Ham B3rsim, Takas HeCOITIaCOBAaHHOCTb Pe3Yilb-
TaTOB MOXET ObITh 00YCIOBJIEHA PSIOM (aKTOPOB, B
TOM 4YMCJIe OTCYTCTBMEM MCC/IEOBAaHUSI U3MEHEeHMS
YKa3aHHOTO MapaMeTpa y AeTel ¢ pa3HbIMM YPOBHSI-
mu GMFCS. KpoMe Toro, U3 Tekcra paboTbl aBTOPOB
BUIHO, YTO ABe TpeTu aeteii ¢ AUII umenn ypoBeHb
HapylleHs I7106aJIbHbBIX MOTOPHBIX GYyHKIMIT GMFCS
1 u GMFCS 2, naHHbIe KOTOPBIX, BEPOSITHO, M BHEC/IN
3HAUUTEIbHBIN BKJIAA B KOHEUHBIN OOIIMII pe3ysib-
TaT. BMecTe ¢ TeM, Halll pe3yJbTaThl UCCIEI0BAHUS
neteii ¢ ypoBHeM GMFCS 2 mokasbIBaeT CXOXYIO TEH-
IIeHLIMIO0, YTO U Y BblllleyKa3aHHbIX aBTOPOB.

V Bcex ManyeHTOoB, BHe 3aBUCUMOCTH OT THUIIa (QUK-
calMy CTOIIbI, OTMeueHa CcrubaTesbHAs YCTaHOBKA
B KOJIEHHBIX CYCTaBaX, aHAJIOTMYHYI0 TEHIEHIUIO OT-
Mevanu u apyrue aBropsl. Hampumep, I.M. Unbupos
C COaBTOpaMM yKa3bIBajau, UTO Y 3HAUMUTEbHOTO YMC-
Jia mmauyueHToB ¢ JLII Kak B OMOpPHBIN, TaK U B He-
OTIOPHBIN TTepuOAbl IMK/IA IIara Habmopanach Cru-
6aTesNbHAST YCTAHOBKA B MPAaBOM U JIEBOM KOJIEHHBIX
cycraBax [33]. BmecTe ¢ TeM BbIpakeHHOCTb YKa3aH-
Horo 3(ddekTa, M0 HAIIMM JAHHBIM, 3aBMCENIA OT TS-
SKeCTV HapyIIeHUSs ITI00aTbHbIX MOTOPHBIX QYHKLIMIA.
Tak, MMHMMAaJIbHAsl KOPPEKLMs yIjia CrubaTelbHO
YCTAaHOBKM B KOJIEHHBIX CyCTaBax (OO0 6%) oTMeueHa
B rpymie GMFCS 2; makcumanbHas (B AFO i1 neBo-
ro KOJIEHHOrO CycTaBa Ha 26,8%, mJis mpaBoro — Ha
25,5% 1o cpaBHEHMIO C TECTOM OOCUKOM) B TpYIIIE
GMECS 3. ITomydyeHHbIE pe3yabTaThl MMEKT OJHOHA-
MpaB/IEHHYIO TeHAEHLMIO C JaHHBIMM APYTUX aBTOPOB
[34, 35]. Hamm pe3ymbTaThl MTOJHOCTBIO COTIACYIOTCSI
¢ manHbpiMM H. BOhm c coaBTOpamm, cOOOIIAIONINX,
4TO uCIoab30BaHMe AFO y mammMeHTOB C HU3KUM
dyHKIMOHANBHBIM cTaTycoM (GMFCS 3 u GMFCS 4)
MO3BOJISIET OOCTUYb MaKCUMMAaJIbHOTO TOJIOKUTENb-
Horo 3¢ dexra. JJaHHbI PaKT, Kak I10JIaral0T aBTOPbI,
06ycIoBIeH c1abocThIo pasrubareseit CTOmbI [35].

V nmereit B 06GO0OIIEHHON TPYIIIE HPY MUCIIOIb30-
BaHuu AFO oTMeuaeTcs KOPpEeKIMS CTUOATeIbHOM
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YCTAaHOBKM B KOJIEHHBIX CyCTaBax Ha 16,7% cieBa
u Ha 13,4% cripaBa 110 CpaBHEHMIO C TECTOM OOCUKOM;
B OPTOIIEIMYECKO 00YBYM IMHAMMKA BbIpaskeHa MEeHb-
111e ¥ cocTaBuia ot 5,2 1o 12,5% cooTBETCTBEHHO.

VizydyeHne roHMOTrpaMM Ta306eqpeHHbBIX CYyCTABOB
B CarMTTaJbHOI IVIOCKOCTM He T0Ka3ajao pasinums
MeX[y TecTaMM. TpaeKTOpUM KPUBBIX, OIIMChIBAIOIINX
KMHEMAaTUKYy CYCTaBOB, MPaKTUUYeCKU COOTBETCTBO-
BaJIM HOpPMe C OOIlei TeHIeHIIMel K OrpaHUYEeHUIO
pasrmbaHusi B Ta300eIpeHHbIX CyCTaBax, B OOJbIIIEN
CTENeHY — Y MAIMeHTOB C YPOBHEM I106aTbHbIX
MoOTOpHbBIX GyHKIMiii GMFCS 3. CornacHO AaHHBIM
W.K. Lam ¢ coaBTOopamu, ucnonb3oBanue AFO npuso-
IUT K CTATUCTUYECKU 3HAUMMOMY YBEIMUYEHUIO yI/ia
crubaHus B Ta306eIpeHHBIX CYyCTaBaX B (ha3e KOHTaK-
Ta CTOIBI C OTIOPHOJ MOBepXHOCTHIO (initial contact).
[lo maHHBIM psSifa aBTOPOB, CTATUCTUUECKM 3HAUM-
Moe BausiHue ucnonb3oBanusi AFO Ha KMHEeMaTUKy
KOJIEHHBIX U Ta300eJpeHHBIX CYCTABOB OTCYTCTBYET
[36, 37, 38].

Wcnonb3oBaune AFO Mo cpaBHEHMIO C XOObOOIA
60CMKOM TMPOAEMOHCTPUPOBAIO  TOJOKUTEIBHYIO
TeHAEHIIMIO K MU3MeHEeHUI0 TToKa3aTeseil nHaekca mo-
X0mKku (Tabi. 3). B yacTHOCTM, MaKCMMAaJIbHOE YIyU-
mwenue B rpynne GMFCS 2 cocraBuno 29%, Torma
Kak B rpymnmne GMFCS 3 — 51% (memuaHa 16% u 24%
COOTBETCTBEHHO).

AHanMM3 pesyJabTATOB TECTOB XOIbObI OOCUKOM WU
B OpTONennYeckoil 0OyBM IIOKa3al, YTO IPU WUC-
MMOb30BaHMM TOCTAeAHEeN Yy TalMeHTOB C YPOBHEM

JOIIOTHUTEJIbHAS NTHO®OPMALIMISA

3asenenHslii 6K1a0 agmMopos

Konvyos A.A. — KOHLENUMUSI U OU3AMH UCCIeLOBaHMs,
penakTupoBaHue CTaTbU.

Akcénos A.JO. — c60p 1 06paboTKa JaHHbIX, peAAKTUPO-
BaHMe CTaTbU.

IDicomapdnst 3.1. — 0630p 1uTepaTypsl, c6op 1 06paboT-
Ka JAaHHbBIX, HAIlMCaHMe TEKCTa ¥ PeAAaKTUPOBAHME CTAThU.

Bce aBTOpBI Mpowin U ofo6puan GUHAIBHYIO BepCUIo
PYKOINCK CTaTh!. Bce aBTOPBI COIIACHBI HECTY OTBETCTBEH-
HOCTb 3a BCE aCIeKThl paboThl, YTOOBI 0OECTIEUNTD Ha/le-
kalllee pacCMOTpEHME U pellleHKe BCeX BO3MOKHBIX BOTIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTBIO U HAJEXKHOCTBIO JII0607
YyacTu paboThl.

Hcmounuk  ¢unaHcupoeausi.  ABTOpPbI  3aSIBJISIIOT
06 OTCYTCTBUM BHEIIHErO (GMHAHCUMPOBAHMS TP MPOBeIe-
HUM UCCIIEOBAHMSI.

Kongaukm unmepecos. ABTOpBI eKJIapUPYIOT OTCYT-
CTBME SIBHBIX M MOTEHIMAIbHBIX KOH(IMKTOB MHTEPECOB,
CBSI3aHHBIX C MTyOGIMKaLell HaCTOSIIE CTaTb.

Omuueckan 3kcnepmusa. VicciemoBaHusi 6sUIM 0006-
peHbl sTndeckuM KomutetoM Ipu PIBY «DenepanbHbIi
HAy4YHbIiI  [EHTp peabwIUTAlMM  MHBAIUIOB  VUM.
I.A. Anmb6pexTa», mporokon N2 3, 06.08.2021 .

HngopmupoeanHoe coenacue Ha nyonukayuro. ABTOPbI
MMOJIYYWJIM TIMCbMEHHOE COIJIacue 3aKOHHBIX IpenCcTaBu-
TeJiell MalyMeHTOB Ha IMyOaMKaIMI0 MEAUIIMHCKUX TaHHBIX
u dororpaduii.

GMECS 2 oTmeueHa ITOJOKUTE/IbHASI TeEHIeHIMS 110 7
u3 8 mokasareseii, Torga Kak B rpyrme GMFCS 3 mo-
JIOKUTeNbHAsl TEHAEHIMS BbISIBJIeHA JUIb M0 4Ye-
ThIpeM IlepeMeHHbIM. MaKkcuManabHOe YyiydllleHue
B rpymiie GMFCS 2 cocraBwmio 52%, Torma Kak B TpyII-
e GMFCS 3 — 13% (Me 25% u 7% COOTBETCTBEHHO).

CpaBHUTENbHBIN aHAINU3 PEe3YyIbTaTOB U3MEPEHMS
MHJIEKCa TTOXOAKM B TECTAX C OPTOIIeIMU€eCKOI 06YBbIO
u AFO noxkasas NoJIOKUTE/NbHYI0 TEHAEHIMIO K TIPU-
MEHEHUIO CJIOKHOI OpTOIeaUYecKoit 06yBM IO CpaB-
HeHMiO ¢ AFO y 6 u3 8 mauuenTtoB rpynnbl GMFCS,
B IBYX CIydasix 3¢eKT CpaBHMBAEMbBIX TEXHUYECKUX
U3aenuii 6bl1 conocraBuMbIM. B rpymnime GMFCS 3 Bo
BCEX TeCTax BbISIBAEHO IPeUMYIeCTBO MCIOIb30Ba-
Hus AFO.

3AK/TIIOYEHHE

BrI6op criocoba uKcalmMy CTOIbI Y MAlMEHTOB CO
cractuyeckumu dopmamu LTI ¢ yueTom ypoBHS Ha-
pylIeHusi IOOAJbHBIX MOTOPHBIX (YHKLIMIA MMeeT
CYIIeCTBEHHOE 3HAUeHMe B KOPPEeKUUM KMHeMaTuye-
CKMX TIapaMeTPOB OIOPbI U TepenBysKeHus. Y mauu-
€HTOB C YPOBHEM INIOOANbHBIX MOTOpHBIX GMFCS 2
TIPY UCITONIb30BAHMM OPTOIEANIECKOi 00YBY 1 OpTe3a
Ha TOJIEHOCTOIIHBIV CYCTaB YIy4IllaeTcss KMHeMaTuKa
XOAbOBI MO0 CPaBHEHMIO C XOAbOOI OOCMKOM, MOTOKM-
TeIbHbIN 3D deKT oKasajcs 6osiee 3HAUMMBIM B TECTaX
C OpTOmeanYecKoir o0yBbi0. Y IallMEHTOB T'PYIIIbI
GMFCS 3 makcuMaabHO 3¢ (EKTUBHBIM 0Ka3aa0Ch UC-
MTOJTb30BaHME OPTe3a Ha TOJIEHOCTOITHBIN CYCTaB.
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Background. Interest in the study of the distal biceps brachii tendon ruptures in the recent decade has been
caused by the development of instrumental diagnostic methods, the new sports disciplines appear and by the
technological workplace environment complication. The main concepts of treatment depend on the injury term,
the tendon tissue damage area, the patient functional needs and his/her professional activities, the comorbidity
index (CCI), so the concepts are divided into two: conservative and surgical.

The aim of the study — to identify the most effective method of treating patients with a biceps brachii distal
tendon rupture.

Methods. The study included 58 patients (all men) with a biceps brachii distal tendon injury. They were divided
into groups depending on the concept of treatment: a conservative treatment group — 20 (34%) patients and a
surgical treatment group — 38 (66%). The surgical treatment group was also divided into subgroups according
to surgical approaches, reinsertion methods and types of fixation. Patients underwent physical tests (O’Driscoll,
Ruland, et al.), ultrasound to compare the proximal radio-ulnar space, degree of muscle retraction, lacertus
fibrosus involvement, and MRI of the elbow joint. The functional scales VAS, DASH and ASES were used to
evaluate the obtained results. The results of instrumental diagnostic methods were evaluated with the L. Perera
(2012) and J. Fuente (2018) classifications.

Results. Evaluation of the results in the groups of surgical (Ns) and conservative (Nc) treatment according
to functional scales after 6 (VAS, DASH) and 36 months (ASES) revealed: a decrease in subjective pain score
< 1 point, a decrease in DASH to 21 and 43 points (statistically significant decrease in both groups p<0.001,
difference between groups p = 0.005), ASES: 91 and 71 points (dynamics in both groups and difference between
groups p <0.001). Minimally invasive approaches compared with open access (nD) showed better functional
outcomes according to the DASH scale: nBA vs nD — p = 0.006; nMA vs nD — p = 0.013 after 6 months, and
according to the ASES scale: nBA vs nD — p = 0.007; nBA vs nD — p= 0.002 after 36 months. An reinsertion
methods intragroup analysis revealed the achievement of peak indicators by < 6 weeks without complications
in the anatomical variant according to the VAS: nBA vs nMA — p = 0.264; DASH: nBA vs nMA — p = 0.856;
ASES —nBA vs nMA p=0.179.

Conclusion. Comparison within subgroups made it possible to identify the most effective technique —
combination of minimally invasive access with an anatomical version of intracanal fixation with a cortical
button. This technique has shown to have a low risk of postoperative complications.

Keywords: elbow joint, biceps brachii, lacertus fibrosus, distal tendon, sports medicine, surgical approach,
cortical button.
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Pe3ynbTaTbl KOHCEPBATMBHOIO M XMPYPruuecKoro JieYeHUs NaLMeHToB
C pa3pbiBOM AUCTANIbHOIO CYXOXUNUA ABYINABOM MbiWLbl NaeYa

A.E. MenBemunkoB 2, E.A. AnacracueBa %, A.A. KopeiTkun !, B.JI. JIykKMHOB 13,
M.A. Kupuiona'l

L @I'BY «Hosocubupckuti HayuHo-uccaedo8amensckuil UHCMUmMym mpasmamosiozuu
u opmoneduu um. A.J1. Llusvsana» Munsdpasa Poccuu, 2. Hogocubupck, Poccus

2 AHO «Knunuka HUUTO», 2. Hosocubupck, Poccus

3 @I'BYH «HMHcmumym 8bluUCIUMEIbHOL MAMeMAamuKu U Mamemamuueckoli 2e0pu3uKku
Cubupckozo omdenenus PAH», 2. Hosocubupck, Poccus

AxmyansHocmp. VIHTepec K U3Y4YeHUIO Pa3pbIBOB AUCTATbHOIO CYXOXKWINS ABYTI/IaBoi MbIlIbl 1ieda (JCIMIT) B mo-
cegHee OecsTUIETVe BbI3BaH Pa3BUTMEM METOAOB MHCTPYMEHTAAbHON AMAarHOCTMKY, MOSIBIEHVEM HOBBIX CIIOPTUB-
HBIX AVICLIMIUIMH U YCJIOKHEHVEM TEXHOJIOTMUYECKOI Cpefibl Ha pabounx Mectax. OCHOBHbIE KOHIIEMIIMY JIEUEHUS 3aBU-
CSIT OT CPOKOB JABHOCTY TPaBMBbI, TUIOIAAY TTOPAXKeHMST CYXOKWIbHOM TKaHU, (PyHKIIMOHAIBHBIX 3aIIPOCOB Mal[MieHTa
" ero mpodhecCMOHaATbHOM AeSITETbHOCTY, MHAEKCa KOMOPOUIHOCTY U IESTCS Ha KOHCEPBATUBHYIO U XUPYPTUUYECKYIO.
Llenwb uccnedosanus — BbIIBUTH Hanbonee 3 (PEeKTUBHBI METO/ JTedeHs O0bHBIX C Pa3pPbIBOM AVICTATBHOTO CYX0-
SKUTUSL OBYIJIABOI MBIIIIIBI TI/1€Ya.

Mamepuan u memoodusl. B viccienoBaHusi ObIIM BK/IIOUEHBI 58 MaIMeHTOB (BCe MYKUMHBI) ¢ MToBpexkaeHnem I CIMII,
KOTOpbIe ObUIM pa3/ie/ieHbl Ha IPYIITbI B 3aBUCUMOCTH OT KOHIIETIIIMM JIEUEHHS : TPYIIITY KOHCEPBATUBHOTO jieueHust (NC)
— 20 (34%) maiyeHTOB ¥ TPYIIY XUpyprudeckoro jgeueHus (Ns) — 38 (66%). I'pyIina Xupyprimueckoro jeueHus 6oiia
pa3eneHa TakKe Ha MOATPYIIIbl: ND — OTKPBITHIN aHATOMUYECKUIT BapuaHT ¢ Joctyrnom Dobbie; nBA — manonHBa-
3MBHBIVI HEAHATOMMYECKII BapuaHT ¢ JocTyrioM Boyd — Anderson; nMA — MajIOMHBa3MBHbBI aHATOMMUYECKII BapMaHT
C TepeIHUM JTOCTYTIOM. TlalieHTaM nmpoBoawInch usukanbhbie TecTbl (O’Driscoll, Ruland u mp.), Y3U c enbio cpaB-
HUTEIBHOTO U3MePEeHMSI TPOKCUMAIbHOTO PaAyo-yJIbHAPHOTO IPOCTPAHCTBA, CTEIIeH) MBILIEYHOV PeTPaKLM, BOBJIE-
yeHHocTH lacertus fibrosus, a Taxxke MPT siokTeBOro cycraBa. [Ij1s1 OLIEHKY IMOMTyYeHHBIX Pe3y/IbTaTOB VCIIOMb30BaIUCh
mkasbl VAS, DASH u ASES. Pe3ybTaThl MHCTPYMEHTAIbHBIX METOOB AMArHOCTUKY OLIEHMBAIMCH C KiTacCUbUKAIASIMU
L. Perera (2012) n J. Fuente (2018).

Pe3ynvmamet. OtieHka pe3ynbTaToB B rpynmax Ns u Nc mo ¢yHKiMoHambHbIM mmkaaaM, DASH) u 36 mec. (ASES) mo-
3BOJIMJIA BBISIBUTH: Uepes 6 Mec. 1o VAS — CHIbKeHMe BhIpaXkeHHOCTH 60/1eBoro cuHapoMa < 1 6asmia, mo DASH uepes
6 Mec. — cHIKeHMe 1o 21 1 43 6annoB (B 06eux rpymmnax p<0,001; pasuuiia mexay rpymmamu p = 0,005; mo ASES ve-
pe3 36 mec. — 91 u 71 6amn (AMHAMMUKA B 06eMx rpymrax, pasHuia Mmexxay rpyrnamu p<0,001). [Tpu mcmonb3o0BaHUM
MaJIOMHBa3MBHBIX JIOCTYTIOB B CPABHEHUM C OTKPBITBIM JOCTYIIOM (nD) GbUIM MOTyYeHbI Jyuiine GyHKIVOHATIbHbBIE
pesynbTaThl: 110 wkaae DASH yepes3 6 mec. — nBA vs nD p = 0,006; nMA vs nD p = 0,013; o mikane ASES uepes 36
mec. — nBA vs nD p = 0,007 1 nBA vs nD p = 0,002. Pe3y/bTaThl BHYTPUTPYIIIIOBOTO aHa/IN3a CII0CO60B PeMHCEePLINN:
o VAS — nBA vs nMA p = 0,264; no DASH — nBA vs nMA = 0,856; mo ASES — nBA vs nMA p = 0,179. [IlukoBble I0-
Kasartenu 6e3 OCJIOKHEHMIT GbUIN TOCTUTHYTHI B CPOK < 6 HEJI. IPY aHATOMUYECKOM BapUaHTe.

3axniouenue. CpaBHeHME BHYTPU MOJTPYII MO3BOJIWIO BbIAEIUTHh Haubosee 3PEKTUBHYIO METOOUKY B BUIE
KOMOMHAIMM MaJIOMHBA3MBHOTO NOCTYIa C aHATOMWYECKMM BapUMaHTOM MHTPaKaHAJIbHOM GUKCAIUMU KOPTU-
KaJIbHOIi IyTOBUIIE, 06/IaAaI0NyI0 HU3KUM YPOBHEM PUCKOB Pa3BUTUS MMOCTEOIEePAIMOHHbIE OCTOXKHEHUA.

KiroueBsbie c10Ba: IOKTEBOJ CyCTaB, OMIIEIIC T1eva, lacertus fibrosus, myucTanbHOE CYXOKUINE, CIIOPTUBHAS MeIULIV-
Ha, XUPYPrUUeCKue JOCTYIIbI, KOPTUKAIbHAS ITyTOBUIIA.
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BACKGROUND

The interest in studying of the distal biceps ten-
don (DBT) ruptures is primarily due to the inten-
sive development of imaging methods and digital
analysis of the musculoskeletal system biome-
chanics, the emergence of new sports disciplines
and the technological environment complexity
in modern industries, stable public interest in
bodybuilding.

The incidence of DBT ruptures in the USA
ranges from 2.55 to 5.35 clinical cases per 100,000
population per year [1]. As a rule, these injuries
are the result of spontaneous eccentric impact of
forces on the supinated forearm of the dominant
upper limb (86%) in the position of 90° flexion
in the elbow joint [2, 3]. There is practically no
gender modality — more than 95% of those seek-
ing specialized help are middle-aged men (46.3
years old) involved in manual labor, military per-
sonnel, as well as professional athletes of contact
and strength sports [4, 5]. The main predictors
of injury include smoking, BMI >25, taking ana-
bolic androgenic steroids and statins, elbow joint
arthrosis, pre-existing tendinosis or mucoid de-
generation of DBT [6].

In the historical context, the rarity of DBT
ruptures is indicated by the fact that in the 36
years since the first clinical case publication by
A.B. Johnson in 1891, there has not been a sin-
gle mention of this pathology in the scientific
literature [7]. Then T.M. Biancheri in 1925 inves-
tigated the frequency and typology of the biceps
tendon injuries: 96% were attributed to ruptures
of the proximal long head, 1% of cases were ac-
companied by provocation of the proximal short
head and, accordingly, the distal tendon ruptures
amounted to 3% [8].

Due to the rare occurrence and lack of uniform
clinical and diagnostic algorithms, most of the re-
corded injuries are full-layered (avulsive) ruptures
with a violation of the bone-tendon junction of the
radial tuberosity, both with and without the corti-
cal layer fragment. Partial ruptures are less com-
mon and include interstitial disorders united by a
single paratenon of short and long heads. The case
of partial rupture was published by K. Nielsen only
in 1987 [9]. At the moment, such ruptures are esti-
mated by the cross-sectional area of tendon tissue
using imaging instrumental diagnostics. Clinical
cases of partial DBT lacerations, which make up
less than 50% of the section, have positive pros-

pects for conservative treatment, and lesions af-
fecting more than 50% are potentially considered
as indications for surgical treatment of population
active categories. Close attention should also be
paid to the anatomical role of lacertus fibrosus as
a DBT dynamic stabilizer, repair of which, accord-
ing to recent data, is important for preventing re-
lapses [10].

Introduction of imaging methods into clini-
cal practice, such as 1.5-3.0 T1 MRI and MSCT
with 3D reconstruction, targeted clinical tests
(supination-pronation, passive pronation test of
the forearm, O'Driscoll test, Ruland test, meas-
urement of biceps flexion interval and biceps
fold coefficient, lacertus fibrosus flexure test)
and clinical-diagnostic algorithms allow doctors
to accurately determine the concept of treat-
ment at the pre-hospital stage [2]. On the other
hand, a variable set of minimally invasive options
(double incision, flexible instrumentation) and
the evolution of cortical implants make surgery
safer, and the "anatomical” classification of L.
Perera [11] and the "diagnostic" classification of
J. Fuente [12] provide a differentiated approach
for ruptures combined with lacertus fibrosus or
pronounced muscle retraction, increasing the fi-
nal effectiveness of the method [13, 14, 15, 16].

Before the start of the study, a null hypoth-
esis was determined about comparatively better
functional results after surgical treatment, de-
pending on the chosen approach to fossa cubi-
talis, the method of reinsertion (anatomical and
non-anatomical) and the type of implant.

The aim of the study was to identify the most
effective method of patients with DBT rupture
treatment.

METHODS
Research design

A retrospective comparative cohort study of the
medical records in the Tsivyan NNIITO of the
Ministry of Health of Russia and ANO "Clinic
NIITO" in the period from 2012 to 2022 was
conducted.

Patients

The study group included 58 patients (all men)
with DBT rupture. The ranking by age was 29-58
years (43 [34; 51]). All patients initially applied to
the Clinical Diagnostic Center with complaints of
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pain, fossa cubitalis ecchymosis, decreased maxi-
mum strength during loads and arm deformity,
range of motions limitation in the injured elbow
joint. The patients were divided into groups de-
pending on the type of injury, its limitation pe-
riod, and the type of treatment performed.

According to the type of injury, patients were
registered in the database as sports, household
and when performing physical labor. According
to the prescription of the injury and the corre-
sponding pathogenesis of inflammatory changes,
the terms of contacting a specialist were condi-
tionally determined: 1) inflammatory changes
<21 days; 2) degenerative changes >21 days; and
3) pathological changes 12 weeks.

The main cohort of patients was divided into
two groups according to the treatment concept,
and the surgical group was also divided into three
subgroups according to surgical approach and re-
insertion methods. The patients of the surgical
treatment group were divided into subgroups de-
pending on the type of implant used in order to
conduct an intra-group analysis of the strength
properties of fixation and the level of postopera-
tive complications (Fig. 1).

Examination of patients

According to a pre-determined algorithm for
choosing treatment tactics in DBT ruptures,

patients underwent physical tests: O'Driscoll,
Ruland, supination-pronation, comparative
isokinetic (DC-100 wrist dynamometer), meas-
urements of the biceps flexion interval were car-
ried out, the biceps fold coefficient was calcu-
lated. In order to determine the level of tendon
injury, measurement of the proximal radioulnar
space (PRUS), lacertus fibrosus provocation and
the degree of biceps fatty degeneration in 49
(84.5%) cases, comparative ultrasound diagnos-
tics of elbow joints by volar/dorsal approaches
was performed and in 10 cases (15.5%) — MRI of
the elbow joint 1.5-3.0 TI (2). In 2 (3.4%) cases,
electroneuromyography was performed when
neuropathy was suspected.

Ultrasound of the injured and intact elbow
joints with volar and dorsal approaches was cho-
sen as a control instrumental study after treat-
ment in 52 (89.6%) cases due to its availability.
The absence of secondary lesion and biceps mus-
cle retraction was regarded as a positive result
of treatment. Postoperative complications were
entered into the database and structured into
four indicators for intergroup analysis on days
30 and 90: heterotopic ossification, neuropathy,
stiffness (desmogenic contracture), muscle hy-
potrophy. At the same time, the relative values
characterizing the frequency of occurrence or
proportion were expressed as a percentage.

v

Conservative treatment (Nc)

20 (34%)
The main group of patients J
with DBT rupture
= 4
n=>58 Open anatomical variant with Dobbie
> approach (nD): 7 (18%)
Surglca?l);rt(e:ég;snt (Ns) Minimally invasive non-anatomical variant
? > with Boyd-Anderson approach (nBA): 14 (37 %)

. Minimally invasive anatomical variant
Fig. 1. Study flowchart > with anterior approach (nMA): 17 (45%)

Fig. 2. Radio-ulnar space
measurement example during
appointment of patient with

the distal biceps brachii tendon
rupture:

a, b — MRI (the middle third level
of the “foot-print” of radial
tuberosity)

117

2022;28(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Evaluation of results

To evaluate the results obtained, the func-
tional scales VAS, DASH and ASES were used.
Additionally, the degree of biceps muscle re-
traction and involvement of lacertus fibrosus
were compared with the above classifications of
L. Perera and J. Fuente.

Conservative treatment

Conservative treatment was carried out in 20
cases only with partial ruptures (less than 50% of
the tendon cross-section, which were detected by
ultrasound or MRI) without muscle retraction 0-1
degree according to the classification of L. Perera.
The Nc group included patients younger than 30
and older than 60 years engaged in intellectual
work, with a high comorbidity index (Charlson >3
points), the presence of severe osteoporosis ac-
cording to densitometry (T-criterion >-2.5), as
well as with prolonged use of corticosteroids or
other hormonal therapy.

Patients were prescribed an orthopedic regi-
men (restriction of rotation, flexion/extension,
power loads after 6 weeks), immobilization with
a sling bandage or a stabilizing kinesiotape. With
severe edema, from the 15 to the 14" day, patients
underwent cryotherapy with the Kryotur appa-
ratus (TUR Therapietechnik GmbH, Germany).
Since 2018, in 8 (40%) cases, the method of cel-
lular regeneration was used by introducing plate-
let-rich plasma (PRP) in the course of palpable
DBT. After 3 weeks nonsteroidal anti-inflamma-
tory drugs (NSAIDs), individual kinesiotherapy
with load potentiation and physiotherapy proce-
dures were prescribed [17].

Surgical technique

Indications for surgical treatment were the pres-
ence of a characteristic trauma in the anamne-

Fig. 2. Radio-ulnar space
measurement example during
appointment

of patient with the distal biceps
brachii tendon rupture:

¢, d — US (volar and dorsal accesses
in pronation and supination
positions of the forearm)

sis, at least two positive targeted clinical tests
(Ruland, O'Driscoll, comparative kinetic test DC-
100) and DBT rupture, confirmed by one or more
instrumental diagnostic methods.

In the Ns group, 38 patients with complete
rupture and any degree of biceps muscular re-
traction required the restoration of the “foot-
print” of both tendon heads by surgical ap-
proaches Dobbie, Boyd — Anderson or minimally
invasive anterior approach (anterior “double
incision” approach) in combination with vari-
able implants: anchor fixators — 4 (10%) cases,
cortical button — 30 (79%), combination of cor-
tical button and interference screw — 3 (8%) and
ligature type — 1 (2%).

Postoperative management of patients

The rehabilitation program of the underwent
surgery patients implied immobilization with a
sling bandage until the sutures were removed,
followed by kinesiotaping in a stabilizing ver-
sion, early passive (from the 2" week Kinetec
Centura) and active movements (from the 4t
week) in the elbow and shoulder joints, limita-
tion of axial and traction load (horizontal bar,
bars) on the upper limb for 12 weeks, physi-
otherapy (cryotherapy from the 1%t to the 7%
day, electromyostimulation of the biceps / tri-
ceps and deltoid muscles after achieving sym-
metrical range of motion), NSAIDs, manual
kinesiotherapy.

In the late postoperative period (8-12 weeks),
training in the pool and physical therapy with
an instructor, using dumbbells from 1 kg with
a weekly increase in loads. The achievement of
symmetrical function during a comparative ex-
amination of both elbow joints according to the
parameters of goniometry, dynamometry (DC-
100) and functional scales was observed within
6-12 weeks since the surgery.
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Statistical analysis

Empirical distributions of continuous indicators of
age, duration of hospitalization, duration of dis-
ability, VAS, DASH and ASES scores were studied in
groups for agreement with the law of normal distri-
bution using the Shapiro-Wilk criterion. The com-
parability of variances was checked using Fischer's
F-test. Only the terms of hospitalization and dis-
ability turned out to be normally distributed, so
the comparison of continuous indicators was car-
ried out using nonparametric criteria. To compare
the indicators between groups at one time point,
the Mann-Whitney U-test was used, and the dy-
namics of indicators within groups between time
points was compared using the Wilcoxon criterion.
Normally distributed indicators were described as
mean * standard deviation — M#SD, abnormally
distributed — in the form of median — Me (Q1; Q3).
Binary indicators of the number of events were de-
scribed as the number of events and a percentage
of the group size — n (%). For categorical indica-
tors of the degrees of biceps muscular retraction,
the number of patients with each degree and the
percentage of the total number — n (%) were given.
Binary and categorical indicators were compared
between groups using the exact two-sided Fisher
criterion. The dynamics of binary indicators was
compared using the McNemar criterion. For all
achieved p-levels, if necessary (when comparing
more than two groups and degrees of biceps muscle
retraction), correction for multiple comparisons by
the Benjami-Hochberg method is made. Statistical
hypotheses were tested at a critical significance
level of p = 0.05, i.e. the difference was considered
statistically significant at p<0.05.

All statistical calculations were performed in
the RStudio program (version 2021.09.2 Build
382 — © 2009-2022 RStudio, Inc., USA) in the
R language (v. 4.0.2).

RESULTS

For a checkup in 6 and 36 months 52 (90%) pa-
tients of groups Nc and Ns showed up. Six (10%)
patients could not come, but each of them re-
ported a subjective good result of treatment dur-
ing online correspondence and was tested using
the VAS, DASH questionnaires after 6 months
and ASES 36 months with mandatory registra-
tion of indicators in the study database.

p: 0.033*

Age
60-

40-

Sport everyday life labor
(n1=20) (n2=33) (n3=5)

Fig. 3. Age parameters of the patients, depending
on the type of the injury: n1 — sport;
n2 — everyday life; n3 — industrial accident

The distribution of patients by age and type of
injury is shown in Figure 3.

There were more patients with DBT injury
who applied in the first 3 weeks — Nc = 18 (90%)
and Ns = 20 (53%), (p = 0.008) compared to those
who applied after 3-6 weeks. — Nc = 2 (10%) and
Ns =10 (26%), (p =0.187) and 12 weeks. — Nc =0
(0%), Ns = 8 (21%), (p = 0.041), respectively.

The degree of biceps muscle retraction was as-
sessed by ultrasound or MRI results, then checked
with the Perera and Fuente classifications:

0 degree — Nc =12 (60%); Ns=0(0%), p<0.001;

1 degree — Nc =6 (30%); Ns = 13 (34%),

p >0.999;

2 degree — Nc =0 (0%); Ns = 11 (29%),
p=0.011;

3 degree — Nc = 2 (10%); Ns = 14 (37%),
p =0.035.

In a single clinical case, a combination of in-
jury period factors (>12 weeks) and a high degree
of muscle retraction (3 degree) required the use
of autograft technique*.

During the analysis of control ultrasound and
MRI results with measurements of the PRUS and
the volume of osseointegration of the tendon-
bone zone of operated patients in the nD, nBA
and nMA subgroups, a combination was pro-
posed combining minimally invasive anterior
approach "double incision" with minimal con-
tact with neurovasal structures and a modified

*Patent for invention 2745408 C1. Method of surgical treatment of long-standing and repeated rupture of the distal biceps tendon /

Medvedchikov A.E., Kirilova I.A., Anastasieva E.A.
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method of fixation with a cortical button [18,
19]. Our variant implied suturing of the tendon
stump with a braided non-absorbable tape, the
formation of a "sliding loop" in the cortical but-
ton, which is considered a "reference" in terms of
stiffness and biomechanics, which is important,
given the possibility of repeated injury of the el-
bow joint in young patients involved in sports
[15] (Fig. 4).

The postoperative period in 38 cases proceed-
ed without septic complications. The average pe-
riod of hospitalization was 2.5 bed days. The du-
ration of disability in intellectual work patients

DASH

mrEs p: <0.001°

75

50

25

Ns

was 33.5+0.5 days, in physically active patients or
athletes — 45.5+ 0.71 days.

Evaluation of the treatment results of all 58 pa-
tients was performed after 6 months on the VAS,
DASH scales and after 36 months on the ASES
scale and showed a decrease in the severity of pain
to < 1 point. DASH scores in the Ns and Nc groups
decreased to 21 and 43 points (p<0.001), the dif-
ference between the groups after 6 months was
statistically significant (p = 0.005) (Fig. 5). ASES
scores were 91 and 71 points (p<0.001), which con-
firms the null hypothesis about the best function-
al results after surgical reinsertion of DBT (Fig. 6).

Fig. 4. Patient 41 y.o.,
Ns group, nMA:

a — planning of surgical
approach;

b — intraoperative X-ray
control

DASH
Score
p: <0.001*

75

50

Fimegian =43

25

Before After
(n=20) (n=20)

Nc

Fig. 5. Treatment outcomes in Ns and Nc groups using DASH in 6 month, scores
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ASES
Score
p: <0.001"

100 |
|

75 1

50

l Before After
(n=238) (n=238)

Ns

ASES
Score

100 p: <0.001"

75

Tmesian = 71

50

25

Before After
(n=20) (n=20)

Nc

Fig. 6. Treatment outcomes in Ns and Nc groups using ASES in 36 month, scores

Within subgroups with different surgical ap-
proaches, methods of anatomical and non-ana-
tomical reinsertion (38 operated patients), the
results were:

-onthe VAS after 6 months: nD decreased from
6 to 2 points (p = 0.022); nBA from 6.5 to 1 point
(p =0.001); nMA from 6 to 0 points (p<0.001);

- on the DASH scale: nD from 76 to 31 points
(p =0.022); nBA from 71 to 17 points (p = 0.001);
nMA from 74 to 14 points (p<0.001);

- on the ASES scale after 36 months: nD from
37 to 79 points (p = 0.016); nBA from 38 to 91
points (p = 0.001); nMA from 31 to 94 points
(p <0.001).

These indicators reflect the influence of surgi-
cal approach and the method of DBT reinsertion
on the functional state of the kinematics of the
elbow joint in the medium and long term.

In statistical analysis of data 6 months after sur-
gery, minimally invasive approches showed better
functional results compared to the open variant:

DASH: nBA vs nD — p = 0.006; nMA vs nD

p=0.013;

ASES: nBA vs nD — p =0,007; nBA vs nD

p =0,002.

Comparing the pMA and the nBA, we noted
insignificant differences only after 36 months.

Of the 31 minimally invasive surgeries, 14
(37%) non-anatomical DBT reinsertions were
registered. Regardless of the type of implant,
these patients were found to have any complica-
tions (stiffness, elbow joint arthrosis, synostosis

of the PRUS, residual pain syndrome) and ques-
tionable prospects for early return to sports and
work activity, reaching peak functional indicators
with comparative morphometry (goniometry,
DC-100) after 9-12 weeks. Accordingly, 17 (45%)
operations with anatomical reinsertion of DBT
were performed. Results for the above indicators:

VAS: nBA vs nMA — p =0,264;

DASH: nBA vs nMA — p = 0,856;

ASES: nBA vs pMA — p=0.179.

We revealed the achievement of peak indica-
tors with comparative morphometry (goniom-
etry, DC-100) and readiness for physical labor,
as well as for sports training by the time of < 6
weeks without the above negative events.

Complications

The presence of complications in the Ns group
was assessed on the 30th and 90th days after sur-
gery, after which an intergroup analysis was per-
formed (Tab. 1).

Transient neuropathy of the lateral cutane-
ous nerve of the forearm, detected clinically and
according to ENMG data in the first 30 days, was
completely disappeared after the administra-
tion of ipidacrine hydrochloride by the 90th day.
Muscle hypotrophy was determined by morpho-
metry, dynamometry DC-100 and resolved after
electromyostimulation after 30 days. The stiff-
ness of the elbow joint was assessed using goni-
ometry and was eliminated after the appointment
of sequential hardware mechanotherapy (Kinetec

121 2022;28(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



CLINICAL STUDIES

Table 1
Postoperative complications in subgroups of surgical approaches for up to 30 days
Subgroup
Complication
nD nBA nMA
Transient neuropathy of the lateral cutaneous 0 (0%) 2 (14%) 0 (0%)
nerve of the forearm ° ° °
Muscle hypotrophy 7 (100%) 7 (50%) 7 (41%)
Desmogenic contracture 7 (100%) 5 (36%) 5(29%)
Heterotopic ossification 7 (100%) 0 (0%) 0 (0%)

Centura), then manual kinesiotherapy by the 90th
day. In the operated patients, heterotopic ossifi-
cation was diagnosed according to MRI data and
persisted throughout the study period.

Damage to the posterior interosseous nerve
(PIN) was not detected. The Dobbie open sur-
gical approach method has high risks of devel-
oping short- and medium-term complications
(>90 days), while the minimally invasive Boyd-
Anderson variant was accompanied by transient
neuropathy in two cases.

Six months after treatment, 52 (89.6%) pa-
tients of the Nc and Ns groups underwent ultra-
sound of the injured and intact elbow joints with
volar and dorsal approaches due to its accessibil-
ity. The remaining 6 (10.4%) patients underwent
MRI at their own request. In all cases, there was
no biceps muscle retraction, signs of tendinosis,
mucoid degeneration of the tendon. There were
no relapses of the DBT rupture in the period from
2012 to 2022.

DISCUSSION

The concepts of the treatment of DBT ruptures
vary depending on the period of injury, the area
of the tendon lesion, the presence of morpho-
logical deviations of the elbow joint (heterotopic
ossification, arthrosis, neuropathy), the comor-
bidity index and functional requirements of the
patient and are divided into conservative and
surgical [2, 5, 11, 14, 20, 21]. The rarity of the no-
sological form and the lack of unified clinical and
diagnostic treatment algorithms prompted us
to conduct a study covering period of ten years.
In our opinion, partial ruptures less than 50% of
the cross-section of the DBT, detected by ultra-
sound or MRI methods in patients younger than
30 or older than 60 years engaged in intellectual

work, with the injury period less than 3 weeks
and without muscle retraction, they can respond
well to conservative treatment. In these cases, we
can expect a decrease in the maximum supina-
tion force by an average of 40% (26-60%), and the
maximum flexion force by an average of 20% (0-
40%). In the study Y. Tomizuka et al., performed
on 86 cadaver models with ruptures of more
than 50% of the DBT thickness, 76% of failures
with cyclic loads on the elbow joint are reported;
probably, in clinical practice, such cases would
have received better functional results using an
alternative method [22].

Anatomical and MRI studies show the expan-
sion of the native DBT of the radial tuberosity
area from * 5.3 mm to £19.4 mm of the tendon-
muscle junction with an average tendon length
of 69 mm. The zone of tendon attachment to the
bone has variable parameters of length 14-21
mm and width (2-10 mm), as well as a C-shaped
configuration [3, 23, 24]. At the moment of mov-
ing the forearm from the supination position to
the pronation position, there is a narrowing of
PRUS up to < 45%, which leads to mechanical
impingement of the DBT without static and dy-
namic effort of the surrounding muscles, being
the primary cause of rupture of single tendon fib-
ers. The average values of the PRUS in the neutral
position are 8.8 +4.0 mm, the pronation is 7.8+3.9
mm, making the zone "problematic” when choos-
ing the reinsertion method [3].

Histopathological studies of the injured area
show an increased content of proteoglycans,
type III collagen, matrix metallopeptidase-1 and
matrix metallopeptidase-3 in the tendon stump
and radial tuberosity, and disorganized fiber ar-
rangement, which may indicate previously suf-
fered bursitis or tendinopathy [25]. Together, the
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dynamic change of the PRUS and the complex-
ity of the attachment area anatomy under cyclic
loads contribute to the formation of a zone of hy-
povascularization and hypooxygenation of DBT
tissues, which is a secondary cause of degenera-
tive rupture [24, 25]. Thus, surgeons should avoid
bone positioning of the tendon stump, which is
typical for methods using anchor and ligature
fixators both during primary and revision rein-
sertion [15, 26].

Due to a thorough study of the neurovasal ar-
chitectonics of fossa cubitalis and digital analy-
sis of the biomechanics of the elbow joint (dy-
namic changes of the PRUS), regardless of the
method of reinsertion and the type of implant,
surgical treatment with open or minimally inva-
sive approach leads to a high degree of subjec-
tive patient satisfaction, low pain and excellent
functional results [27]. However, despite the op-
timism, the method has a 25% frequency of gen-
eral postoperative complications, 4.6% of which
are serious (neuropathy, PIN, LABCN, repeated
tendon rupture, synostosis of PRUS, etc.) [6].

The generally accepted volar approach to fossa
cubitalis by Dobbie was critically evaluated, as well
as the most common minimally invasive approach
known to us — access by Boyd-Anderson [2, 6, 16].
Both in combination with the bone positioning
of the retracted DBT do not give a strong fixa-
tion, increase the risks of contact with neurovasal
structures (PIN/LABCN, etc.) and ultimately lead
to unsatisfactory results [28]. Also in our clinical
practice, the technical difficulty of using a corti-
cal button from the Boyd — Anderson approach,
developed for ligature fixation after tendon inser-
tion through the interosseous membrane of the
forearm, was revealed. Therefore, 37% of patients
underwent tendon transposition according to the
technology and the formation of channels on the
lateral surface of the radial bone diaphysis.

The ratio of surgical approaches, reinsertion
methods and types of implants as possible pre-
dictors of repeated rupture, as well as the analy-
sis of the role of osseointegration of the attach-
ment area of radial tuberosity during a ten-year
study allowed us to identify the most effective
method of DBT anatomical reinsertion, combin-
ing minimally invasive principles and a high level
of intracanal tendon-bone junction. The non-

trivial approach of this method critically reduces
the risks of complications in the form of relapse,
synostosis of PRUS, heterotopic ossification and
desmogenic contracture of the elbow joint in pa-
tients engaged in physical labor, or athletes at the
peak of their careers in terms of 30 and 90 days.
Patients underwent surgery using this method
are able to show comparatively better functional
results in terms of 6 to 36 months after treatment.
The results of surgical treatment of 38 patients
with DBT rupture obtained during the study, in
general, have no discrepancies with the literature
data on this issue and encourage the authors to
further search for solutions to reduce the number
and severity of postoperative complications, de-
velop other methods of fixation, and reduce the
duration of rehabilitation.

Study limitations

A small number of patients were included in the
study, which is due to the rarity of the nosological
form and could affect the results. The comparative
analysis of the results was carried out on our own
clinical material within the same clinical base.

CONCLUSION

Improvement of patients with DBT rupture treat-
ment results is possible with an adequately cho-
sen method of treatment, taking into account the
period of the injury, the area of the tendon lesion,
the patient's need for physical activity, the risks
of surgery and predictors of adverse outcomes.
Conservative treatment is relevant in cases of
partial ruptures in patients with intellectual
work and the elderly, while modern minimally
invasive interventions with short rehabilitation
periods are more suitable for active categories of
patients. Comparison of surgical approaches, re-
insertion methods and types of implants allowed
us to identify the most effective technique. The
combination of minimally invasive approach with
the option of intracanal fixation with a cortical
button is distinguished by anatomicity, strength,
ease of implementation, which together reduces
the number of complications compared to con-
ventional methods of treatment, and also makes
it possible to improve the quality of patient life
in a short time.
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Results of Shoulder Adhesive Capsulitis Treatment With the Use
of Platelet Rich Plasma and Nucleotide Drugs:
a Comparative Study

Alexey V. Lychagin, Viktor B. Bogatov, Evgeniya Yu. Tselishcheva, Alexey V. Muzychenkov

LM. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russia

Background. Intra-articular injections of autologous platelet-rich plasma (PRP), which is a natural biological
stimulant and affects various parts of the regenerative process, are often used in the treatment of adhesive
capsulitis. Another line of using the reparative potential of biopolymers is the application of polynucleotides
(PN), which, due to their effect on fibroblasts, are able to stimulate regeneration processes during adhesive
capsulitis.

Aim of study — to evaluate the clinical efficacy of intra-articular injections of autologous platelet-rich plasma
and a polynucleotide-based drug in the complex therapy of shoulder adhesive capsulitis, depending on the stage
of the disease.

Methods. Performed prospective cohort study included 42 patients aged 47 to 60 years with the diagnosis of
adhesive capsulitis. The duration of the disease varied from 3 months to 5 years. The patients were divided into
2 groups depending on the stage of the disease at the time of the treatment: 24 patients with the first stage of
the disease (group AC1) and 18 patients with the second stage (AC2). Each group was divided into 2 subgroups of
patients. In subgroups either PRP or PN were administered. The results were assessed 1 week, 1 month, 3 months
after the start of the treatment. Evaluation of pain management efficacy was carried out using the visual-analog
scale (VAS). The change in the quality of life of patients and the function of the shoulder joint were defined
using the DASH questionnaire for assessing the function of the upper limb and the Simple Shoulder Test (SST).
Results. The use of PRP made it possible to achieve pain relief regardless of the stage of the disease. Patients
of the AC1 group had a progressive pain syndrome attenuation from 80 to 45 points according to the VAS scale
during the first 7 days after the start of the treatment. On the contrary, patients of the AC2 group had a slight
pain increase by the end of the 1st week, that was associated with growing physical activity of patients. In the
group of patients treated with PN, all experienced pain regression after the first injection. 20% of patients had
pain relief within 24-36 hours after the start of the treatment., Increased joint pain was registered in 2 (10%)
patients, which passed spontaneously during the first day. Pain syndrome intensity decreased in patients with
both stages of the disease. According to the VAS, it decreased from 90-80 to 65 points after the first injection
within 4 days in the AC1 group. Patients of the AC2 group did not notice significant effect after the first injection.
The second injection reduced the pain to 65-70 points.

Conclusion. The effectiveness of PN-based drugs had no statistically significant difference from that of PRP, but
their effect was achieved faster.

Keywords: shoulder adhesive capsulitis, platelet-rich plasma, PRP shoulder range of motions, polynucleotides.
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PesynbTaTbl NneyeHus aaresMBHOro Kancyaura nne4yeBoro cycraBa
C NpUMeHeHneM o60oraweHHoOU TpoMbouuTaMu Naasmbl
U HYKNEeOTUAHbIX NpenapaToB: CpaBHUTENIbHOE UCCeaoBaHUue

A.B. JIeruarus, B.b. boraros, E.1O. Llenninesa, A.B. My3bi4eHKOB

@IAOY BO «Ilepsuiii Mockosckuli zocydapcmeeHHbili MeduyuHckuii ynusepcumem um. .M. Ceuerosa
(Ceuenosckuti yHugepcumem)», 2. Mockea, Poccus

AKmyanbHoCcms. BHYTPUCYCTaBHbIe MHBEKIINM ayTOJOIMUYHONM oboraiieHHoi Tpombouutamu maasmbl (PRP —
platelet rich plasma), KoTopasi SIBJITeTCSI €CTECTBEHHBIM 6MOJIOTUYECKUM CTUMY/ISITOPOM M BO3ZEICTBYET Ha pas-
JINYHBIE 3B€HbSI pereHePaTUBHOIO MIPOLIECCa, YaCTO UCIOJb3YIOTCS MPY JIEYeHUM aAre3UBHOTO KancyanTa. Ipyrum
HaIpaBJIeHMEM B MCIIOTb30BaHMM PeNlapaTMBHOTO MOTEeHIMaIa 61OTOMMEPOB CTAJIO MTPUMeEHEHME MOMHYKIIE0-
tunoB (PN — polynucleotide), koTopbie 6aromapst CBoeMy AeiicTBUIO Ha Gu6po61acThl CIIOCOGHBI CTUMYIMPOBATh
MIPOLeCChl pereHepauyy Npyu aare3auBHOM KarCylauTe.

Llensto maHHOTO WCCIENOBAHUSI CTaJIA OLlEHKA KIMHMYECKON 3(PGhEeKTUBHOCTU BHYTPUCYCTABHOTO MPUMEHEHMS
ayTOJIOTMYHOJ 060TaleHHOi TPOMOOIMTaMM TJIa3Mbl 1 MTperapaTa Ha OCHOBE MOMIMHYKIEO0THUIa B KOMIIEKCHOIA
Tepanuy afre3MBHOrO KarCy/MUTa MIeYeBOro CYyCTaBa B 3aBMCUMOCTY OT CTauu 3a60eBaHMS.

Mamepuan u memodsi. BbITOTHEHO TPOCTIEKTYBHOE KOTOPTHOE MCC/IE0BaHNEe, B KOTOPOE ObUIO BKIIOUEHO 42 Ta-
I[eHTa B Bo3pacTe oT 47 10 60 JIeT ¢ AMarHO30M «aJITe3UBHbII KaTCyIuUT». [IJIMTETbHOCTb 3a60/IeBaHMsI BapbUPOBa-
Jia oT 3 Mec. o 5 sieT. [TareHThbl 6bUTM pa3fesieHbl Ha 2 TPYIIbI B 3aBUCUMOCTY OT CTaA Uy 3a601eBaHsI HA MOMEHT
obparieHus: 24 mamyeHTa ¢ MepBoii cragueii 3a6oneBanus (rpymnmna AK1) u 18 maimueHTOB — CO BTOPOI#i CcTafueii
(AK2). O6e rpymribl 6bUTM pasfe/ieHbl Ha JIBe TOATPYIIbI MAIMEHTOB, B K&XKI0# 13 KOTOPOit BBoawIMch PRP win
PN. PesynbraTtsl o1jeHMBaNIUCh yepes 1 Hen., 1 mec., 3 Mec. ocie Havasa gedeHusi. OLeHKy pe3y/IbTaTOB KyIMpOBa-
HYsE 60/IeBOTO CMHIPOMA MPOBOJMIIN C TPMMEHEeHEM BU3yaIbHO-aHAIOT0BO Kasibl (BAIID). isMeHeHMe KauecTBa
SKU3HU TTALVEHTOB U (PYHKIMM TUIEUeBOTO CYyCTaBa OLEHUBAJIM C TTIOMOIIbIO OITPOCHMKA JIJIST OLleHKY (PyHKIMYU BepX-
Heit koneuHocTy DASH u yniporeHHoi#t mikasbl TectoB tieva SST (Simple scale test).

Pe3ynemamet. TIpumeneHnue PRP mMo3BoMMIO JOGUTHCS YMEHbIIEHNST 60/1€BOTO CMHIPOMAa BHE 3aBUCUMOCTU OT
craguu 3a6oneBanus. B rpymne AK1 oTmeuasnoch IporpeccuBHOe CHMsKeHMe 60eBoro cuHapoma o BAIII ¢ 80 mo
45 6a/isI0B B TeUeHMeE TEePBBIX 7 THEN Mmocae Havyaia JedeHus. Y mauyeHToB rpynmbl AK2, Ha060poT, OTMeUaaoch
HEKOTOPOEe ycujieHue 60IM K KOHITY 1-7i Hefl., YTO CBSI3aHO C HapacTaloleil Gu3nyeckoit akTUBHOCTbIO GOTbHBIX.
B rpyrine namnyeHTOB, JEUMBIINXCS C MCTOAb30BaHMeM PN, y Bcex oTmMeyvasics perpecc 601m yxke Imocjie nepBoit
mHbekIMn. Y 20% naieHTOB yMeHbIIIeH e 60 HACTYIIaI0 yXe uepe3 24-36 4. mocie Havasia jedeHust. ¥V 2 (10%)
60JIbHBIX OTMEYAJIOCh YCUIeHMe 60U B CyCTaBe, KOTOPOE MTPOIIIO CAMOCTOSITEIbHO B TEUEHME MEePBBIX CYTOK. Bo-
JIEBOVI CMHIIPOM YMEHbBIIAJICS Y TAllMeHTOB ¢ 00euMu cTagusimMu 3aboneBanus. B rpynme AK1 60eBoii CMHAPOM
1o BAIII cumsuiics ¢ 90-80 mo 65 6a/110B [OC/Ie epBOit MHBEKLINM B TeueHue 4 qHei. Y nauueHToB rpymmnbl AK2
o1y TMMOro 3¢ dexTa Mocsie mepBoi MHbEKIMM OTMEUEHO He 6b110. [IOBTOpHAS MHbEKIMS CHIKAIa 601eBOi CUH-
IpoMm 1o 65-70 6amios.

3axnroyenue. IpernapaTtel Ha ocHOBe PN roka3anm ¢Boio 3¢ heKTMBHOCTb, KOTOPAsI CTATUCTUYECKYM 3HAYMMO He OT-
Jmuyanachk ot npumeHenust PRP, omHako saddexT gocTurasncs 6bicTpee.

KimioueBblie CJIoBa: aire3MBHBIN KaICYJIUT TUIEYEBOTO CYCTaBa, oboraieHHass TpoM6oITaMu 1asma, aMIuIMTyaa
JIBVDKEHWUI B IJIeueBOM cycTaBe, PRP, MonmMHyKIeoTUABbI.

JIsruarmH A.B.,BoraToB B.b., llennmesa E.10., My3brueHkoB A.B. Pe3ynbraThl 1e4eHNs afre 3MBHOIO KaIlCy/IUTa I1JIeYeBOT0
cycTaBa C IpMMEHEHMeM OOOralleHHOl TPOMOOLMTAMM IUIa3Mbl M HYK/IEOTMIHBIX ITPErapaToB: CPaBHUTEIBHOE
uccnenoBanue. Tpasmamonozus u opmonedus Poccuu. 2022;28(4):126-135. https://doi.org/10.17816/2311-2905-1782.
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BACKGROUND

Shoulder pain is rather frequent nowadays, most
commonly in people of working age [1]. This prob-
lem might be considered multidisciplinary as the
pathology has different causes that are not always
connected with trauma. That fact presents diffi-
culties in its diagnostics and treatment. Adhesive
capsulitis (AC) is one of these pathologies that
leads to chronic pain in the shoulder joint and
periarticular tissues. Its clinical aspects include
above all the pain syndrome of various intensity
and severe limitations of the shoulder joint range
of motions associated with capsule adhesion and
fibrosis and subsequent disorders of bursal elas-
ticity and extensibility [1, 2, 3]. Due to this the
pain increases with abduction, the muscles are
contracted, the motions are carried out together
with the scapula. Chronic and severe pain syn-
drome not only limits the daily activities, but
also affects the sleep and the rest adversely. As a
result, the quality of life and the work capacity of
patients with adhesive capsulitis get worse [4, 5].
Nowadays the patient’s platelet rich plasma
(PRP) is considered rather promising and safe
method that has anti-inflammatory and regener-
ative effect [6, 7, 8]. Containing a lot different bio-
logically active factors (clot formation products,
thrombocyte growth factors, adhesive molecules
and cytokines), it stimulates reparative and ana-
bolic processes in damaged tissues and restores
metabolic processes, intensifies tissue immunity,
promotes cell metabolism, and tissue respiration
as well as develops anti-inflammatory effect [9].
Recent researches indicated that polynu-
cleotides (PN) affected the pain management of
musculoskeletal system, especially tendons and
ligaments. They are effective with rotator cuff
tendinopathies, epicondylitis and plantar fascii-
tis [10, 11, 12]. PN is a compound of deoxyribo-
nucleotide polymers of different length (from 50
to 2000 base pairs) and nucleosides derived from
salmon milt. The PN structure represents low
molecular weight species of deoxyribonucleic
acid with purine and pyrimidine base monomers.
Apart from relieving the pain caused by muscu-
loskeletal disorders or injuries, it also enables
regeneration of damaged tendons and ligaments
[14, 15, 16]. However, there is still no agreement
on optimal PRP therapy methods of treatment of
this pathology, as well as there are very few re-

ports concerning objective results of PN use in
case of adhesive capsulitis [17, 18, 19]. We con-
sider of great clinical interest the efficacy com-
parison of these two methods of treating patients
with shoulder joint adhesive capsulitis on differ-
ent disease stages.

Aim of study - to evaluate the clinical efficacy
of intra-articular injections of autologous plate-
let rich plasma and PN-based drugs in shoulder
joint adhesive capsulitis management depending
on the stage of disease.

METHODS

Study design

The performed prospective cohort study included
42 patients aged 47 to 60 years with the diagno-
sis of adhesive capsulitis. Among them were 38
women (90.5 %) and 4 men (9.5%). Duration of
disease varied from 3 months to 5 years.

The patients were divided into 2 groups de-
pending on the stage of disease determined at
the first visit using the Neviaser’s method. The
first stage is marked by acute inflammation and
synovitis, the second is characterized by pain re-
lief and shoulder joint contracture [20]. Thus, all
patients were divided into 2 groups, 24 of them
had the first stage of disease (AC1 group) and 18
had the second stage of disease (AC2 group). Each
group was divided into 2 subgroups, in which ei-
ther PRP or PN were administered respectively
(Fig. 1).

Inclusion criteria:

- discontinuation of non-steroid anti-in-
flammatory drugs (NSAID) at least 10 days prior
to injection therapy;

— clinical signs of the first or the second stage
of adhesive capsulitis, confirmed by ultrasound
(US) and MRI;

- no shoulder joint injuries in anamnesis;

- no radiographic signs of shoulder joint os-
teoarthritis and/or presence of cartilage flaps in
the joint cavity.

Exclusion criteria:

- local corticosteroid injections;

— continuation of NSAIDs;

- additional physiotherapy treatment and
alpha-adrenergic agonists therapy;

- presence of old tendon and ligament inju-
ries of the shoulder joint.
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[ Patients (42) j

v

v

First stage of adhesive capsulitis (AC1)
(24 patients)

[ )

v

Second stage of adhesive capsulitis (AC2)
(18 patients)

[ J

PRP therapy (13 patients) PN therapy (11 patients)

PRP therapy (8 patients) PN therapy (10 patients)

Puc. 1. Flowchart of the study

Before the start of the treatment all patients
underwent standard X-ray (Siemens Multitom
Rax scanner) and MRI (Hitachi Echelon Oval 1.5T
scanner in T2-weighted fat-suppressed TSE PD
SPAIR images) of the shoulder joint to evaluate
the disease stage and severity for the following
group allocation.

PRP extraction

Serum procurement and processing was per-
formed using the unified RegenLab method
(Certificate of Validation N2 FZN 2011/10570 dat-
ed 15.09.2011). Blue Regen BCT tubes (Rehegen
Lab, Switzerland) with thixotropic separating gel
without heparin were used.

Using the vacuum method, 8 ml of patient’s
blood were collected to a sterile tube. The tube was
put into centrifuge right after the blood sampling.
Centrifuge ride was carried out with the speed of
3100 rotations per minute over a period of 5 min-
utes. After centrifugation 4-5 ml of serum were ob-
tained. Then the platelet rich plasma (with throm-
bocyte concentration of (343.28+89.37)x109/mm?
was injected into the shoulder joint cavity via pos-
terior approach without preliminary anesthesia
under the US control. Injection protocol included
3 manipulations at an interval of 2 weeks.

Polynucleotides used in this research be-
long to class III medical devices (Certificate of
Validation N2 RZN 2019/8994 dated 09.12.2019)
and are sold in pharmacies under the trade name
of Chronotron (Mastelli s.r.1., Italy).

Single injection contained 2 ml of a drug
product with the following composition:
20+2 mg of polynucleotides, 8.0£0.8 mg of
sodium chloride, 0.30%¥0.03 of sodium dihy-
drogen phosphate dihydrate, 1.50+0.15 of
sodium hydrogen phosphate dodecahydrate
and water to 1 ml. Injections were introduced
into the shoulder joint cavity under the US
navigation via posterior approach. One treat-
ment course included 3 injections at an inter-
val of 4-5 days for all patients of that group.
Results were evaluated 1 week, 1 month and
3 months after the start of the treatment.

Results of the first part of this research (PRP
use) were described in details in our previous
publication [21].

Evaluation of results

Evaluation of pain syndrome relief was per-
formed using the 100-point VAS scale, where
0 point meant pain absence and 100 points meant
unsufferable pain.

Changes in life quality and shoulder joint
functions were evaluated using the DASH ques-
tionnaire for assessing the function of the upper
limb [2] and the Simple Shoulder Test (SST) [22].

Statistical analysis

Statistical analysis was performed using the
IBM SPSS Statistics 22.0. Evaluation of distribu-
tion normality was carried out with the use of
Shapiro-Wilk test.
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Distribution of numeric variables obtained
in this research did not differ from normal, so
that parametric statistical methods were ap-
plied. Continuous quantity values with normal
distribution are represented as M=*SD, where
M stands for sample mean, SD stands for standard
deviation. Student’s t-test was used to compare
dependent samples in the light of their normal
distribution. Qualitative features were described
with relative (%) and absolute frequencies. The
differences were considered statistically signifi-
cant at the level of p<0.05.

Coefficient of variation was calculated to de-
fine the difference in shoulder joint range of mo-
tions at the one and the same period or at the
time of research. The higher this coefficient was,
the relatively greater was the spread and the low-
er was the uniformity of studied values.

The following formula was used:

= $ %100,

where ¢ — mean root square deviation,
x — mean of studied value.

RESULTS

Patient examination results before
treatment

The following pathological changes were identi-
fied during the clinical examination: shoulder is
visually elevated on that side, shoulder muscles
are shortened, deltoid muscle is hypotrophied.

Acute joint and periarticular muscles pain was
registered in active motions and moderate pain
in passive ones. Maximum pain severity was reg-
istered in extreme points of motions. According
to patients, the pain persisted at night time and
increased in lateral position leaning on the in-
jured joint.

Range of active and passive motions in the
joint was limited: abduction — 61%4°, flexion —
85+5° or at a deficit of 15-20°; external rotation
— 32+3° internal rotation — 37+4°.

There was a diffuse tissue swelling around the
shoulder joint on palpation, as well as extended
pain in the capsule area, local painful tension

(trigger point) in supraspinatus, infraspinatus,
trapezius and subscapularis muscles.

X-rays revealed no osteo-traumatic changes
and signs of arthrosis or loose bodies. On MRI
the capsule was thickened in the area of axillary
pouch to 4.4%0.2 and swollen by 88+3%.

The AC2 patients showed deltoid and su-
praspinatus muscle hypotrophy under clinical
examination. They had no pain at rest, but the
pain appeared in case of full-range active and
passive motions. Range of motions was severe-
ly limited: abduction — 40£7°, flexion — 50%5°,
extension — 10+5°, external rotation — 20+3°,
internal rotation — 5+3°. Diffuse pain in the joint
appeared on palpation.

Shoulder joint MRI revealed 3.5+0.3 mm cap-
sule thickness in the area of axillary pouch, joint
capsule swelling in the same area was by 76-83%.

PRP treatment results

PRP use enabled to decrease the pain syndrome
regardless of the stage of disease. AC1 patients
noticed pain relief after the first injection de-
creasing by 20 points by the end of the treat-
ment according to the VAS. On the contrary, AC2
patients noticed some pain increase by the end
of the first week of treatment due to growing
physical activity. They registered pain relief (by
40 points according to the VAS) after the second
injection 14 days after the start of the treatment
(Fig. 2).

By the end of the first month all patients had
significant increase in range of motions regardless
of the stage of disease. This increase was higher
in patients with earlier disease stage, as far as the
pain relief effect was more accentuated and the
tissue changes were less discernible (Fig. 3).

Improvement of range of motions in shoulder
joint persisted over a period of 3 months.

Being the most affected adhesive capsulitis
dynamic parameters, shoulder external rotation
and abduction improved significantly nearly by
fifty percent, that may provide evidence of medi-
cation efficacy.

Patients of both groups had statistically sig-
nificant function increase according to the scales
applied comparing with that in the beginning of
the treatment.
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Fig. 2. The intensity of pain syndrome
according to VAS during PRP therapy
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Fig. 3. The range of motions in the shoulder after

PRP therapy

Medical effect grew over a period of 3 months
of examination. This may indicate that this treat-
ment method has stable and not temporary effect
and is focused on pathogenetic aspects of dis-
ease. Experiencing pain relief, the patients could
mobilize shoulder joint more actively that led to
range of motions increase.

PN treatment results

All patients had pain regress after the first PN
injection. 20% of patients experienced pain de-
crease 24-36 hours after the start of the treat-
ment. Two patients (10%) noticed joint pain
increase that spontaneously passed within 24
hours. Pain syndrome decreased in patients with
both disease stages. According to the VAS, pain
intensity in AC1 group diminished from 80-90
points to 65 points within 4 days after the first
injection. AC2 patients experienced no signifi-

cant effect after the first injection. The second
injection decreased pain syndrome level to 65-70
points. The third injection was given 15-21 days
after the start of the treatment; 3-4 days later
the patients noticed pain relief to 20-30 points
(Fig. 4).

Four patients of the AC1 group increased the
range of motions by more than 50% right after the
first injection. The second and the third ones been
introduced, the range of motions grew insignificant-
ly. Ten patients (91%) of the AC1 group completely
recovered active range of motions by the end of the
treatment, 1 patient preserved 15° internal rotation
deficit. Range of motions recovery in the AC2 group
was harder. Coefficient of variation for this group of
patients equaled 47%, that indicates great variabil-
ity in population. Shoulder joint range of motions
increased on average by 12% after the first injec-
tion, while the linear progression was noticed after
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the second and the third injections. At the end of
the treatment 7 patients (70%) were able to recover
active range of motions completely. Two patients
(20%) preserved near 10° abduction deficit and
1 patient (10%) suffered external rotation that was
limited to 20°.

In most cases the first PN injection had no
significant clinical effect, that resulted in slight
SST increase (just 2,5 for patients with the sec-
ond stage of adhesive capsulitis). However, it in-
creased sharply after the second injection (more
than twofold) and remained unchanged after the
third injection (Table 1).

“I ii i

first injection

VAS

second injection third injection

WAK1 MAK2 M Before treatment

Fig. 4. Dynamics of pain changes in your after
administration of a polynucleotide-based drug

Patients that underwent PN therapy as well as
PRP treated patients had statistically significant
improvements according to applied shoulder
joint functional scales in comparison with pre-
treatment levels (Table 2).

Being slight after the first injection, further
improvements appeared rather dramatic after re-
injections. According to the SST scale, significant
shoulder function improvement was noticed af-
ter the second injection. We also observed upper
limb functional improvement according to the
DASH scale, that is demonstrated in the Table 3.

Table 1
Dependence of PN treatment results on
number of injections

Group of 1%t injection | 2™injection | 3™ injection
patients
SST
AC1 4.3 6.7 9.8
AC2 2.5 6.6 8.8
DASH
AC1 38 24 9
AC2 39 28 12

Table 2
Comparison of functional outcoms after PRP and PN treatment (M*m)
Flexion Extension Abduction External rotation Internal rotation
Period
PN PRP PN PRP PN PRP PN PRP PN PRP
Before 110.5%5.9 [112.9+7.1 |25.1*4.1 |24.8+8.7 [62.2%#5.9 |60.0¢7.1 |32.1¥6.1 |33.2+3.6 |21.7#5.1 |23.6%3.1
treatment
glloll’lth 158.7+8.7 [161.2%4.9 |39.8+6.2 [40.3+7.9 |144.3+10.1 |141.2£12.3 |50.8+13.2|52.0+12.8 [38.9+7.1 [40.5%9.8
glog;lths 169.1%6.2 [170.9%11.1 |46.1£9.9 |44.7+9.9 |170.1¢14.7 |166.2£13.5 | 64.6+11.9|62.7+12.1 | 55.1+6.4 |58.5%7.7
p<0.05.
Table 3
Comparative assessment of treatment (Mm)
| Before treatment In 1 month In 3 months
Scale
PN PRP PN PRP PN PRP
SST 2.7%0.8 2.8%1.1 6.4%2.7 6.5+1.1 9.1£2.3 9.2+1.4
DASH 42.2%5.8 43.1%£8.1 22.5+3.1 21.0+2.4 9.9+3.1 10.7%2.7
p<0.05.
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By the end of the treatment PN-based drugs
were comparable to PRP in efficacy that reflected
in almost complete upper limb functional recovery.

DISCUSSION

The main aim of adhesive capsulitis treatment
is to reverse inflammatory process in the joint
capsule, decrease pain syndrome and improve
function of muscular strength and shoulder joint
range of motions that all in all enhances the
quality of life. [17, 18, 23]. In most cases (up to
90%) conservative therapy is efficiently applied
all over the world to achieve that aim. If it has
no effect, the surgical treatment is carried out
[20, 24]. Shoulder pain treatment is usually com-
bined and indispensably includes both pharma-
ceutical (NSAID, glucocorticoids) and non-phar-
maceutical methods (passive mechanotherapy,
kinesiotaping, physical therapy) [1, 3, 16, 25, 26].
Other authors prefer using anaesthetic blocks
before passive joint mobilization [27].

Nowadays the main classification criterion
of different PRP medications is their thrombo-
cyte and leucocyte concentration. However, this
problem remains under discussion, as there is no
precise information on the correlation between
PRP thrombocyte concentration and obtained
results [28, 29, 30]. That is due to the fact that
growth factors may affect cell receptors in differ-
ent ways. Low PRP thrombocyte concentration
has no stimulant effect, while in case of concen-
tration increase to 1000x109/1 and more the re-
generation may on the contrary inhibit [25, 31].
The second criterion is the leucocyte concen-
tration in the medication obtained. High leuco-
cyte count increases the number of proinflam-
matory mediators that stimulate inflammation.
However, some fractions including lymphocytes
and monocytes have positive effect on growth
factors due to their interaction with many bio-
active molecules. Patients in our study were in-
jected with PRP with thrombocyte concentration
of (343.28+89.37)x109/ml* and partially reduced
leucocytes. This blood cell count may probably
be optimal, as we observed no inflammation af-
ter injections. Choosing PRP, we should take into
account that high concentration of externally
introduced coagulation factors may lead to local
thrombosis [18]. That is why we should use PRP
with extra care in elderly patients.

Many clinical studies showed that PN-based
drugs are leveraged to manage multiple diseases
associated with inflammation such as bursitis,
fasciitis, mucositis and tendinopathy [14, 15, 24].

Therapeutic effect of PN injections into sub-
acromial bursa under the US control for chronic
supraspinal tendinopathy treatment was ac-
knowledged [10]. Moreover, PN-based drugs ad-
ministration contributed to pain decrease in case
of rotator cuff tendinopathy [11]. Assessment of
treatment efficiency in both publications was
based on evaluation of shoulder pain index ac-
cording to the VAS. Thirty-two patients with
chronic rotator cuff disease (aged from 30 to 75
years) had significant shoulder pain decrease due
to weekly PN injections (max 5 times). Thus, our
study do follow the world practice in the applica-
tion of such medications regarding to nosology
and evaluation methods of therapeutical effect.

Comparing the efficiency of both treatment
methods (PRP and PN), it is worth mention-
ing that they are truly alike in their mechanism
of action as they both affect the inflammation
process locally at the cellular level. However,
L.Hwang’s et al.recent study results showed deep-
er PN’s mechanism of action. Authors noticed
that PN-based drugs inhibited inflammatory re-
sponse by stimulating A2AR adenosine receptors
under inflammation and thereby suppressing
IL-1B and IL-6 inflammatory cytokines expres-
sion. Moreover, 100 mcg/ml of PN inhibited secre-
tion of nitrogen oxide (NO) and IL-12 and TNF-a
proinflammatory cytokines, as well as stimulated
IL-10 anti-inflammatory cytokine secretion [13].

Results of our study elicited different PRP
and PN levels of impact. Longer-term period
was needed to reach positive dynamics in case
of PRP treatment (3 injections at an inter-
val of 2 weeks), while PN-based drugs in most
cases showed significant effect right after the
second injection with the interval of 4-5 days
between them. Such treatment regimens lim-
it the reliability of methods’ comparison but
still demonstrate faster therapeutic effect of
PN-based drugs. As for the persistence of thera-
peutic efficacy and final outcomes, both meth-
ods turned out to be similar. It is worth notic-
ing that patients especially with the second
stage of adhesive capsulitis experienced insig-
nificant improvement after the first PN injec-
tion, that sharply grew after the last injections.
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This fact corresponds to L. Hwang’s et al. experi-
mental study results. Apparently PN-based drugs
need some time to produce anti-inflammatory
effect by blocking inflammatory mediators [13].
That is why we consider reasonable to admin-
ister more than 3 injections. What is more, no
cases of side effects were registered. One of the
most evident advantages of PN-based drugs is
their ease of use, as the medication is contained
in a sterile syringe and is ready to be injected.
PRP medications must be prepared in aseptic
conditions and are more traumatic due to ne-
cessity of additional patient’s vein sampling.

CONCLUSION

Local administration of PRP and PN-based drugs
in patients with the first and the second stage of
adhesive capsulitis decreases the pain syndrome
and affects indirectly the range of motions res-
toration. PRP and PN therapy are comparable in
their efficacy, but the first one requires longer
treatment especially in patients with the second
stage of adhesive capsulitis.
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Background. Despite the existing significant number of various techniques for ankle arthrodesis, a number of
authors point to certain technical difficulties of these operations, the loss of the talus and tibia position during
ankylosing, nonunion. The problem of the ankle arthrodesis technique improving requires new solutions.

The aim of the study was to compare the stability of various fixation systems in ankle arthrodesis by the finite
element method.

Methods. The finite element method was used to evaluate the biomechanical characteristics of three variants of
ankle arthrodesis systems: three cancellous screws, the originally designed plate combined with two cancellous
screws, when the screw in the proximal plate’s hole is cortical, and the same plate combined with two cancellous
screws, when the screw in the proximal plate’s hole with angular stability. The stresses and strains under the
application of various types of loads are studied.

Results. In the anterior plate ankle fixation model combined with two cancellous screws and a proximal
cortical screw, the implants and the talus experienced the least stresses compared to the other two models.
Thus, the maximum equivalent stress in implants in the second variant was 68-124 MPa, in the first variant
92-147 MPa, in the third variant — 130-331 MPa. The equivalent stress in the talus in the second version of
fixation ranged from 20 to 46 MPa, in the first and third versions — 28-58 MPa and 47-65 MPa, respectively.
The indicators of maximum contact pressure at the border of the tibia and talus turned out to be the highest
in the first variant compared to the other two models (34 MPa, 31 MPa and 31 MPa, respectively).
Conclusions. Among the studied ankle fixation systems for arthrodesis, an anterior plate combined with two
cancellous screws and a proximal cortical screw is the most preferable in terms of biomechanics.
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AxmyansHocms. HecMOTpS Ha 3HAUMTENbHOE KOJIMUYECTBO Pa3sHOOOpPa3HBIX METOAMK, MPUMEHSIEMBIX IJIS
apTpojie3a ToJIeHOCTOITHOIO CyCTaBa, sl aBTOPOB YKa3bIBAIOT Ha OIpefeieHHble TeXHUUeCKye CIOXHOCTU
YKa3aHHBIX OIepaluii, MOTeP0 KOPPEKIMM 3aJaHHOTO MOJIOKEeHMS TapaHHON 1 60/IbIIe6epioBOit KOCTe B
Ipoliecce aHKMIO3MPOBaHMS, HecpamleHus. [Ipo6ieMa coBepIIeHCTBOBAHMS METOOVKY (GUKCAIIUU TIPU ap-
TpOe3e TOJIEHOCTOITHOTO CyCTaBa TpeOyeT HOBBIX PeIleHMIA.

Llens — cpaBHUTH METOOM KOHEUHBIX JIEMEHTOB CTAOWIBHOCTb PA3JIMUHBIX BAPMAHTOB CUCTEM (UKCAIUN
TIpU apTpozAe3e ToIeHOCTOITHOTO CycTaBa.

Mamepuan u memodst. MeTOIOM KOHEUHBIX 5JIEMEHTOB BBIIIOJHEHA OIIEHKA OMOMEeXaHMYECKMX XapaKTepu-
CTUK TpeX BapMaHTOB CUCTeM (MKCAIMM TOJIEHOCTOITHOTO CYCTaBa MPU apTpoe3e: TPU CIIOHTMO3HbIX BUHTA,
paspaboTaHHas IIACTYHA, KOMOVHMUpYeMasi ¢ IBYMSI CIIOHTMO3HBIMM BMHTAaMU, IIPOKCUMAa/IbHbI/ BUHT B IUIA-
CTUHE KOPTUKAJIbHBIN, a TAKKe pa3paboTaHHAas IIACTVMHA, KOMOMHMpPYeMasi C IBYMSI CIIOHTMO3HBIMM BMHTA-
MM, TTIPOKCUMAJTbHBIV BUHT B IJIACTUHE C YITIOBOI CTaOMIbHOCTBIO. MI3ydeHbl HAMIPsKeHMS U AedopManyy mpu
MPWIOXKEHUU Pa3IMUHBIX BUIOB HATPy30K.

Pesynsmamet. B Mopenu gpukcaiyy rojeHoCTOITHOTO CyCTaBa fepemHeli IIaCTUHOM, KOMOMHUPYEMO1 C IBY-
MS$I CIIOHTMO3HBIMM BUHTAMM U MPOKCUMAIbHBIM KOPTUKAJIbHBIM BUHTOM, MMILJIAHTATHI 4 TapaHHasl KOCTb
MUCTIBITHIBAIM HaMMeHbIIIMe HaIpsOKeHUS TI0 CPaBHEHMIO C IBYMS APYTMMU MoJensMu. Tak, MakCuMalibHOe
SKBUBAJIEHTHOE HAIpSKeHMEe B MMILIAHTAaTax Npyu BTOPOM BapuaHTe cocTaBuiao 68—-124 Mlla, npu mepBom
BapuaHTe — 92—-147 MIla, npu TpetbemM — 130-331 MIla. DXKBMBa/JIeHTHOE HAIIPSDKEHME B TAPaHHO KOCTU BO
BTOPOM BapuaHTe ¢uKcaium coctaBuiao ot 20 go 46 MIla, B mepBoM 1 TpeTbeM BapuaHTax — 28-58 MIla u
47-65 MIla cooTBeTCTBeHHO. [ToKasaTeau MakKCMMaJbHOTO KOHTAKTHOIO JABJI€HMS Ha IpaHulle 60blie6ep-
II0BO#1 ¥ TApaHHON KOCTEei 0Kas3a/JuCh HAaMOOMbIIMMM B ITIEPBOM BapMaHTe 110 CPABHEHMIO C ABYMSI IPYTUMU
mogensamu (34 MIIa, 31 MIla 1 31 MIIa COOTBETCTBEHHO).

3axniouenue. Cpemy M3YYEeHHBIX CUCTeM (DUKCAIIMM TOJIEHOCTOITHOTO CYCTaBa MpU apTpoiese MpuMeHeHue
TiepeHel MIacTMHbI, KOMOMHUPYEMOI C ABYMS CITOHTMO3HBIMM BUHTAMU U ITPOKCUMAIbHBIM KOPTUKAIbHBIM
BUHTOM, SIBJISIETCST Hanbosiee MPearnoYTUTETbHBIM C TOUYKM 3PEHMS OMOMEeXaHUKMA.

KinioueBble cj1oBa: 61i0MeXaHMUECKOe Moge/apoBaHMe, apTpoae3 roJieHOCTOIMHOTO CyCTaBa, IJIaCTVMHaA, CIIOH-
T'MO3HbI€ BMHTDI, ME€TOJ, KOHEUHBbIX 3JIEMEHTOB.

Xomuner B.B., Muxaitnos C.B., Xymarasues C.E., lllykunu A.B., ViBaHoB /I.B. CpaBHMUTEIbHbBINI OMOMeXaHNUYeCKIit
aHau3 Crioco60B apTPOAEe3MPOBaHMS TOJIEHOCTOITHOTO CYCTaBa: SKCIIepMMeHTaIbHOe McciefoBanue. Tpasmamonozus
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BACKGROUND

Enhancement of ankle arthrodesis techniques
when treating patients with the end-stage os-
teoarthritis still remains one of the main prob-
lems of modern traumatology and orthopedics.
Nowadays many authors consider ankle arthro-
desis as a gold standard for the treatment of pa-
tients with this pathology [1, 2, 3].

It is known that one of the main aspects, in-
dispensable for the ankle bone ankylosing is to
create conditions for the foot fixation at a func-
tionally advantageous or specified position [1, 4,
5]. Screws, plates, intramedullary nails, external
fixators and their combinations are applied to
definitively fix the attained optimal position of
the talus in relation to the tibia [6, 7, 8]. Screws
and plates are the most frequent in case of the
ankle arthrodesis. They provide sufficient sta-
bility and adequate compression between the
ankylosed tibial and talar surfaces [2, 9, 10].
However, some authors report on the loss of cor-
rect position of the ankylosed bones during the
treatment due to the implant failure. This prob-
lem particularly often occurs when starting the
axial load (1.5-2.0 months after the surgery). It
might be caused by poor bone quality, insuffi-
cient contact between the bones, lysis of bone
transplants used during the surgery, joint con-
tracture of the forefoot [3, 11, 12]. Limitation of
movements mentioned above does not contrib-
ute to the rock-up from heel to toe when walk-
ing, while the cyclic load leads to the construct
loosening [13]. Thus, the problem of reliable
fixation of the ankle joint do exist and pushes
for new decisions.

In the hospital of military trauma and ortho-
pedics of the Kirov Military Medical Academy
we developed a method of the ankle arthrode-
sis with the use of 3 cancellous screws (patent
RU 2633945). The first 2 screws are introduced
through the anterior margin of the distal metae-
piphysis of the tibia into the trochlea of the ta-
lus, while the third screw is introduced through
the posteromedial part towards the neck of the
talar bone. To perform that, it is necessary to turn
over the patient on one side or raise his leg and
hold it in this position during a certain time that
is needed to introduce a guide wire, make a hole
with a cannulated drill bit, select the cancellous
screw of appropriate length and insert it [7].

All these indispensable procedures increase
the surgery duration and C-arm operating pe-
riod, creating some difficulties for the surgical
team [14].

Taking this into account, on the basis of the
hospital of military trauma and orthopedics of
the Military Medical Academy we developed an
anterior plate for the ankle arthrodesis that is
used instead of the third screw and is combined
with 2 cancellous screws inserted through the an-
terior surface of the distal tibial metaepiphysis.

Several biomechanical studies concerning
the stability of different implants for the an-
kle joint fixation when performing arthrodesis
have been published in the special literature
[15, 16, 17]. Nowadays the comparative analysis
of various types of metal fixators is more often
carried out by applying biomechanical (or math)
modeling. Among them is the finite element
method [17, 18, 19]. However, there are only few
studies dedicated to the evaluation of stability
of different variants of the ankle fixation with
the use of this method [18, 19]. Despite a big
number of existing techniques of ankle arthro-
desis, we chose for our comparative analysis the
method of 3 cancellous screws for the follow-
ing reasons. Firstly, it is sufficiently studied by
many authors concerning the surgery technique
and the long-term treatment results. Secondly,
according to the specialists, ankle arthrodesis
with screws is the most frequently used and is
considered as a gold standard [3, 10]. Thus, to
facilitate the surgical intervention, we sug-
gested our originally designed plate that sub-
stitutes the third screw, introduced through the
posterior part of the distal tibial metaepiphysis
towards the talar neck. Due to this reason, we
did not include in our study the variant of ankle
joint arthrodesis with serial plates.

Aim of the study — to compare the stability of
various fixation systems in ankle joint arthrode-
sis, using the finite element method.

METHODS

Anterior plate for the ankle arthrodesis was
developed by the employees of the Military
Trauma and Orthopedics department of the
Military Medical Academy in collaboration with
“Osteomed” company. The implant is made
of Ti6Al4V titanium alloy according to the

138 2022;28(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



THEORETICAL AND EXPERIMENTAL STUDIES

National State Standard R ISO 5832-3 (applica-
tion for aninvention RFN22022123335).L-shaped
implant with preset anatomic angle can be op-
timally positioned over the ankle joint and has
minimal profile. The plate has a short and wid-
ened arm that allows to place it on the talar neck
eliminating the risk of impingement syndrome in
the talonavicular joint between the plate and the
navicular bone. Long arm of the plate has combi-
nation holes that enable the use of both cortical
and angular-stable screws (Fig. 1).

Fig. 1. Anterior plate
for ankle arthrodesis

Virtual reconstruction of the variants of ankle
arthrodesis was made using the computed to-
mography (CT). Initial processing of CT scans of
the left ankle joint (1051 axial slices) of the pa-
tient (born in 1967) was carried out with the use
of Mimics software (Materialise, Belgium). As a
result, surface models of the distal third of the
tibia and the talar bone were obtained. After that
the surface models were transformed in 3Matic
software (Materialise, Belgium) into solid ones
which were exported to the Step format (univer-
sal standard of data model exchange of the prod-
uct). Solid models of the screws and the plate
were designed using SolidWorks automatic de-
sign system and were combined together in this
system. Thus, three variants of ankle joint fixa-
tion for arthrodesis in functionally advantageous
position were simulated. The first variant of fixa-
tion implies the use of three 6.5 mm cancellous
screws with partial thread and 16 mm thread
length (patent RU 2633945) (Fig. 2a). In case of
the second and the third variants, the fixation is
performed with our designed plate in combina-
tion with two 6.5 mm cancellous screws with par-
tial thread and 16 mm thread length (Fig. 2b, c).

Fig. 2. 3D models in two projections (frontal and lateral) of ankle arthrodesis:

a — with three cancellous screws; b — the originally designed plate and two cancellous screws, the proximal
screw is cortical; ¢ — the originally designed plate and two cancellous screws, proximal screw with angular
stability 1 — cancellous screw, 2 — cortical screw, 3 — screw with angular stability
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The models were constructed as follows. The
first two cancellous screws were inserted through
the anterior margin of the distal mataepiphysis
of the tibia into the trochlea of the talus. Then
the plate was fixed to the talar bone with one cor-
tical screw, introduced via the hole at the curve of
the plate, and with two angular-stable screws, in-
serted via the holes of the short arm of the plate.
At the next stage, the implant was secured to the
tibia with an angular-stable screw, introduced via
the distal hole, and with a cortical screw via the
proximal hole (the second variant) or with two
angular-stable screws (the third variant).

The problems of “bone-fixator” system loading
by external forces and the moments in static posi-
tion are described in details in the study of A.V.
Dolya et al. [20]. They were solved numerically
using the finite element method and Ansys soft-
ware (Ansys Inc., USA). Coordinate axes, relative
to which the external forces were applied, were
aligned as follows: Z-axis — along the axis of the
tibia and vertically upwards, Y-axis — along the
axis of the foot from calcaneus to toes, X-axis —
perpendicular to Y- and Z-axes (Fig. 3).

As an external load, the force acting along
the axis of the tibia was applied with a rigid
fixation of the talar bone to the horizontal sur-
face. That force was equivalent to the half of hu-
man weight. Bending and torsion moments with
the value of 10 N-m were also applied. Authors
of the publication concerning the study of the
ankle joint with the use of the finite element
method, had recommended exactly these val-
ues [19]. Bending and torsion moments with the
force value of 400 N and the moment value of

10 N-m were applied to the lower third of the
tibia. They acted in the following directions:
valgus load (around Y-axis), varus load (around
Y-axis), dorsiflexion (around X-axis), plan-
tar flexion (around X-axis), inversion (around
Z-axis), eversion (around Z-axis). Fixation sys-
tems’ behaviour under the load while walking
(body weight multiplied by 3.3) was also stud-
ied. Recommendations, suggested by T. Wehner
et al., were used for calculations [21].

Bones and implants were considered isotropic
and linear elastic [18, 19, 23]. Young’s modulus
and Poison’s ratio are the quantitative character-
istics of elastic properties of isotropic material.
Mechanical properties of materials for the tibia
according to Young’s modulus were 837 MPa,
for the talar bone — 13000 MPa, for the implants
(titanium alloy) - 110,000 MPa; according to
Poison’s ratio they were 0.3 and equal [18, 19].

While modeling, we took into account the
contact interaction between the tibia and the
talar bone and between the bones and fixation
systems, that are recommended by M. Zhu et al.
[19]. Properties of contact pairs were the follow-
ing: bone-to-bone — with friction, index of fric-
tion 0.1; bone-to-screw — with friction, index of
friction 0.5; bone-to-plate — full contact without
friction and sliding [19].

Threads of the screws were modeled by Ansys
tool, simulating a thread joint [22]. The pressure
of 50 MPa was applied to the tops of the screw-
heads, simulating the tightening force. These pa-
rameters were preset to standardize the experi-
ment and were adapted from the similar studies
of other authors [18, 19].

Fig. 3. The axes of the model coordinate system,
relative to which the external loads were set:
a — side view; b — top view
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Analysis of necessary mesh independence was
performed in order to maximally approximate
the study to real biologic objects [23]. It allowed
to determine the typical dimension of computing
mesh element, minimally affecting the results of
simulation. Computing mesh was significantly
condensed around the threads of the screws in
order to register with high precision the thread
contact interaction between the screw and the
bone. Total amount of finite element for each
model was 600.000, which corresponded to ap-
proximately 1.900.000 nodes.
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RESULTS

The following characteristics of stress-strain
state of the talar bone, the tibia and the implants
were analyzed for each model: maximum equiva-
lent stress in the bones and the implants (Fig. 4);
maximum contact pressure at the border of the
tibia and the talar bone (Fig. 5).

Obtained results of all studied variants of move-
ments attest to the fact that the maximum equiva-
lent stress in the implants was noted in the third
variant in case of foot dorsiflexion (331 MPa), while
the minimum equivalent stress — in the second var-
iant in case of plantar flexion of the foot (124 MPa).

Inversion

Loading during
walking

Loading during
walking

Loading during
walking

Fig. 4. Maximum equivalent
stresses for various types loads
of on the ankle joint, MPa:

a — in the studied implants;

b — in the talus;

¢ — in the tibia

Inversion

B originally designed plate and two cancellous screws, the proximal screw is cortical
Bioriginally designed plate and two cancellous screws, proximal screw with angular stability
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Fig. 5. Contact pressure at the
border of the tibia and talus when
using various options for fixation

Loading during and loads on the ankle, MPa

walking

M originally designed plate and two cancellous screws, the proximal screw is cortical
B originally designed plate and two cancellous screws, proximal screw with angular stability

Equivalent stresses in the talar bone being
studied, the maximum loads were observed in
the third variant in case of valgus displacement,
while the minimum loads - in the second variant
in case of plantar flexion of the foot. They were
equal to 65 MPa and 20 MPa respectively.

The maximum equivalent stress in the tib-
ia was registered in the third variant in case of
plantar flexion, while the minimum stress — in
the first variant in case of valgus load. They were
equal to 65 MPa and 12 MPa respectively.

Obtained results showed that the maximum
values of contact pressure at the boarder of the
tibia and the talar bone were observed in the first
variant in case of varus load, while the minimum
load - in the first and the second variants in case
of valgus load. They were equal to 34 MPa and 16
MPa respectively (see Fig. 5).

As the dorsiflexion of the foot, according to
literature data, is the main stress factor for the
ankle joint ankylosis while walking [25], we pre-

Total Deformation
Type: Total Deformation
Unit: mm
Time: 1
10.12.2021 11:33

Total Deformation
Type: Total Deformation
Unit: mm

Time: 1
10.12.202112:18

1.2 Max.

o 0.99 Max

sent below more detailed results of the study of
stress-strain state while simulating this load.

Figure 6 shows the example of typical areas of
full displacement for all models in case of dorsi-
flexion of the foot. The maximum displacement for
fixation model with three cancellous screws was
1.2 mm (Fig. 6a), for the third variant — 1.04 mm
(Fig. 6¢), while for the second variant the displace-
ment did not exceed 1 mm (Fig. 6b). At the same
time, the maximum displacement in all models was
observed in the distal third of the tibia above the
implants’ insertion sites.

Typical areas of equivalent stresses for all im-
plant models in case of dorsiflexion of the foot are
calculated to identify the optimal variant of fixation.
It should be noted, that the maximum equivalent
stress was concentrated around the upper screw
that fixed the plate to the tibia in the second and
the third models. The values were 124 MPa and 331
MPa respectively. The maximum equivalent stress of
implants in the first model was 139 MPa (Fig. 7).

Total Deformation.

Fig. 6. Total displacement fields for three models of dorsiflexion fixation, mm:
a — three cancellous screws; b — the plate and two cancellous screws, the proximal screw is cortical;
¢ — the plate and two cancellous screws, proximal screw with angular stability
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The maximum equivalent stresses in the talar
bone in case of dorsiflexion of the foot were equal to
50 MPa, 46 MPa and 58 MPa in the first, the second
and the third model variants respectively (Fig. 8).

In the models of ankle fixation with the plate
and two cancellous screws under all studied loads

0.00115 Min

the maximum equivalent stress in the tibia was
observed around the hole for the upper screw,
fixing the plate. For example, these parameters
were equal to 33 and 65 MPa in the second and
the third variants in case of dorsiflexion of the
foot respectively (Fig. 9).

Fig. 7. Equivalent stress fields for dorsiflexion models, MPa:
a — three cancellous screws; b — the plate and two cancellous screws, the proximal screw is cortical;
¢ — the plate and two cancellous screws, proximal screw with angular stability

0.012 Min

Fig. 8. Equivalent stresses in the talus during loading simulating dorsiflexion of the foot, MPa:
a — three cancellous screws; b — the plate and two cancellous screws, the proximal screw is cortical;
¢ — the plate and two cancellous screws, proximal screw with angular stability

Fig. 9. Equivalent stresses in the tibia during a
load simulating dorsiflexion of the foot, MPa:
a — second option; b — third option

143 2022;28(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



THEORETICAL AND EXPERIMENTAL STUDIES

DISCUSSION

Although the ankle arthrodesis as osteoarthritis
treatment method exists for more than 140 years,
the searches for the best implants enabling tight
bone contact between the tibia and the talar bone
and their stable fixation until complete bone un-
ion still continue. In order to evaluate the stabil-
ity of ankle fixation when performing the arthro-
desis, some biomechanical studies are still carried
out to make quantitative analysis of strength and
stiffness of the used implants as well as relative
motions between the talar and the tibial bones [5,
15, 26, 27]. Nowadays different methods of digi-
tal modeling of biological objects and their loads
are frequently used along with the bench tests on
cadaver extremities or artificial bones and joints.
The infinite model method is one of the most
common instruments for calculation of stress-
strain state of the musculoskeletal system as well
as of the load-bearing implants [17, 18, 28, 29].

Some studies have recently been published
concerning the application of biomechanical
modeling of ankle arthrodesis with screw fixa-
tion in different combination and quantity. Thus,
M. Zhu et al. performed the finite element mod-
eling of ankle arthrodesis with two cancellous
screws with the offered combination with two
previously used combinations. Basing on biome-
chanical characteristics of developed models, the
authors concluded that the offered combination
of two cancellous screws had great initial stabil-
ity and equivalent stress distribution [19]. Using
the finite model method, A.A. Vazquez et al. car-
ried out biomechanical validation of the optimal
insertion angle of two cancellous screws in rela-
tion to the long axis of the tibia when performing
the ankle arthrodesis [30].

Our study presents the results of numerical
biomechanical modeling of 3 fixation variants in
ankle arthrodesis. We analyzed 6 types of static
loads as well as the load imitating the walk and
evaluated the stability and the strength of each
fixation variant.

Ankle fixation with two cancellous screws com-
bined with the designed plate and the proximal
cortical screw resulted more preferable in terms
of implant strength in all load types. Analysis of
equivalent stress in the implants is performed to
measure their maximal values and compare with

the strength limit (strength margin coefficient
equals to 3)* The implants are made of Ti6Al4V
titanium alloy, their strength limit is 970 MPa)
[24]. Thus, the allowable stress is no more than 323
MPa. It is worth mentioning that the equivalent
stress in the first two studied constructions do not
exceed the allowable values for titanium alloys.
This means that the systems of fixation provide
the maximum strength in case of the tested loads.
Analyzing the third variant of ankle fixation, the
maximum equivalent stress in implants surpasses
the allowable value. The maximum stress in this
model is registered in case of dorsiflexion of the
foot around the proximal screw that fixes the plate
to the tibia. It is also worth pointing out that the
maximum equivalent stress in the second and
the third models is concentrated around the up-
per screw that secures the plate to the tibia, but
it is 2.5-fold higher in the third model than in the
second one. Meanwhile the maximum equivalent
stress in the first model is concentrated around all
three inserted screws. The implants resulted less
loaded during the varus load and the plantar flex-
ion of the foot in the first variant of fixation and
during the plantar flexion only in the second and
the third variants.

Analyzing the results of equivalent stress in
the talar bone, we noticed that the latter was less
loaded in case of ankle fixation with the anterior
plate combined with two cancellous screws and
one cortical screw comparing to other models.
It is necessary to emphasize that the maximum
equivalent stress in the talar bone in the second
variant of ankle fixation resulted 2 times less un-
der the load imitating the walk and 1.5 times less
in case of varus flexion and plantar foot flexion
than in the first and the third variants. The low-
est stress in the talus was registered in the first
model of ankle fixation in case of varus load, in
the second one - in case of plantar foot flexion
and in the third one - under the varus load.

Equivalent stress in the tibia was lower than in
the talar bone under the similar loads. The maxi-
mum stress in the tibia in the first and the second
variants of ankle fixation was almost the same
and 1.5 times higher - in the third variant. When
modeling the variants of ankle fixation with the
plate and two cancellous screws, we found out that
the hole in the tibia for the upper screw fixing the

* National State Standard R 52857.1-2007 Vessels and apparatus. Norms and methods of strength calculation. General

requirements.
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plate was under the maximum stress comparing
with other parts of the bone. This conclusion is
true for all studied types of load. The tibia resulted
the less loaded in case of varus load.

As for the contact pressure at the boarder of
the tibia and the talar bone, its maximum values
were observed in case of varus load in all ankle
fixation variants. It was equal to 34 MPa in the
first fixation variant and 31 MPa - in the second
and the third ones. The model of ankle joint fix-
ation with the plate and two cancellous screws
showed slightly better biomechanical properties
under the majority of load types. It should be
noted, that excessive contact pressure under the
load is a negative factor, as it can lead to local os-
teolysis and loss of correct position of ankylosed
bones.

It is worth mentioning, that the majority of
parameters of the first model stress-strain state
are similar to those, presented in the publication
of S. Wang et al. For example, the authors had
studied parameters of stress-strain state of ankle
joint arthrodesis models, secured with three can-
cellous screws in five different combinations, and
had reported close values of maximum stress in
the talar bone and the tibia, that equaled to 45.8
and 23.4 MPa respectively [18].

CONCLUSION

Minimum parameters of stress-strain state of the
“bone-fixator” model were identified in the sec-
ond variant among all studied fixation systems
of ankle joint arthrodesis. Thus, the obtained re-
sults showed that the most biomechanically pref-
erable variant of arthrodesis was the combination
of our designed plate with two cancellous screws
and the proximal cortical screw. Conducted bio-
mechanical study allows to recommend ankle
arthrodesis for clinical use in patients with the
end-stage osteoarthritis, although ankle joint
ankylosing depends not only on mechanical fac-
tors, but on biological as well.
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Safe Arthroscopic Approaches for Epicondylitis:
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Background. Arthroscopic methods of diagnosis and treatment of elbow diseases have not yet become
widespread due to the small volume of the joint, the close location to neurovascular bundles and the
manipulation difficulty.

The aim of the study was to determine the safe zones for the minimally invasive approaches to the elbow in
patients with lateral and medial epicondylitis.

Methods. A complex anatomical and clinical study was performed. The anatomical part was carried out on 30
non-fixed anatomical preparations of the upper limb. The features of the tendon-muscular and neurovascular
structures surrounding the elbow were studied, depending on the angle of elbow flexion at three different levels:
level I — 5 cm above the articular gap, level II — the articular gap, level III — the neck of the radius. In the clinical
part of the study, the these structures were studied by MRI in 30 patients.

Results. The brachial artery at the level I is located from the bone at a distance 28.6 (28.4-28.7) mm at
the elbow flexion to 90°. The radial nerve at level II is located at a distance of 15.8 (15.6-16.0) mm from
the nominal medial epicondylar line (NMEL). From the NMEL the median nerve is located at a distance of
17.5 (16.6-18.1) mm, the brachial artery — 22.4 (20.5-22.8) mm. The anterior bundle of the medial collateral
ligament has the following average width throughout: the proximal part — 6.2+1.4 mm; the middle part —
6.5=1.5 mm; the distal part — 9.3*1.4 mm. The average area of the medial collateral ligament attachment to
the medial condyle of the humerus was 45.5¥9.3 mm? and has a rounded shape. The average length of the
radial collateral ligament was 20.5+*1.9 mm; width — 5.2+0.8 mm, the average area of its attachment to the
humerus was 13.6+1.4 mm?. The average area of the extensor carpi radialis brevis on the lateral condyle of the
humerus was 53.1%£3.7 mm?. The average distance from the entrance of the deep branch of the radial nerve
into the supinator canal to the articular gap — 28 (25.5-29.6) mm.

Conclusion. The results of the study make it possible to choose the safe arthroscopic approaches to the elbow
with minimal risk of damage to neurovascular structures in the treatment of patients with lateral and medial
epicondylitis.

Keywords: medial epicondylitis, lateral epicondylitis, arthroscopy, supinator canal, surgical approach to the
elbow joint.
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Bbe3onacHble apTpockonuyeckue AOCTYNbl K IOKTEBOMY CYCTaBy
Npu 3ANMKOHAUNUTAX: Tonorpago-aHaToMuueckoe 060CHOBaHue

M.P. CanuxoB!, A.1. Mugaes !, H.®. ®omun !2
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AKmyanpHoCcme. APTPOCKOIMYECKNE METOOVMKM OMAarHOCTUKM U JieueHUs] 3a00/eBaHMil JIOKTEBOTO CyCTaBa
TI0Ka He IMPUO6GPesT IMMPOKOTO PaCIIPOCTPAaHEHMS B CBSI3M C MaJIbIM 06bEMOM CYCTaBa, OIM3KMM PaCIIOIOKeHN -
€M COCYAUCTO-HEPBHBIX CTPYKTYP U CJIOKHOCTHIO MaHUITYJIMPOBAHMUSI.

Ilenws uccnedosanus — orpeneneHe 6e30MacHbIX 30H AJIsI POPMUPOBAHMS MAJOVHBA3UBHBIX JOCTYIIOB K JIOK-
TEeBOMY CyCTaBy IPU JIEUEHUU MMALIMEHTOB C JIATePaIbHBIM U MeAVATbHBIM STMTMKOHAUINTAMMA.

Mamepuan u memoosl. BeITIOTHEHO KOMIUIEKCHOE TOTIOTpad0-aHATOMUYECKOE M KIIMHUYECKOEe MCCIeI0OBaHNe.
Tomorpado-aHaToMMUecKas 4acTb IpoBeeHa Ha 30 He(MKCHPOBAHHBIX aHATOMMYECKUX ITpernapaTax BepxXHeii
KOHEYHOCTH. V3ydaynnch 0COOEHHOCTH CYXOKMJIBHO-MBIIIEUHBIX ¥ COCYOUCTO-HEPBHBIX CTPYKTYP, OKPYKaIo-
IIMX JIOKTEBOJI CyCTaB, B 3aBMCUMOCTM OT yIJIa CTMOaHMS B JIOKTEBOM CYCTaBe Ha TPeX Pas3/IMUHbBIX YPOBHSIX: I
YPOBeHb — 5 CM BbIIIIe CyCTaBHOI mienu, I ypoBeHb — cycTaBHas 1enb, [11 ypoBeHb — mmeiika JryueBoit KocTu. B
KJIVMHUYECKOH YacTy 1CCIeloBaHMSI BbIIIeOMCaHHbIE CTPYKTYPbI U3y4yaauch ¢ ToMoinbio MPT y 30 maijueHToB.
Pezynomameol. IIneueBasi aptepusi Ha | ypoBHe HaxoguTcs Ha paccTostHuM 28,6 (28,4-28,7) MM OT KOCTU IPU CTU-
6GaHMM KOHEUHOCTU B JIOKTEBOM cycTaBe no 90°. JlyueBoii HepB Ha II ypoBHe HaxomuTcs Ha pacctossHuu 15,8
(15,6-16,0) MM OT YCJIOBHOJ MeOMaabHOM STTMKOHIAUISIPHO TvHumM (YMIJT). CpeAVHHBI HEPB PACIIONOKEH OT
VMDIJI Ha paccrostuum 17,5 (16,6—18,1) MM, a rieyeBast apTepust — Ha 22,4 (20,5-22,8) mm. IlepemHuii my4ok
MeauanbHOM KoutaTepanbHOI ¢Bsi3ky (MKC) nmeert ciefyioniue cpefHMe 3HaUeHUS IIUPUHBI: TPOKCUMMaabHas
YacTh — 6,2*1,4 MM; cpemHsIa yacTh — 6,5+1,5 MM; qucTanbHas yacTb — 9,3+1,4 mM. CpegHss IUIOIIAab IPUKpe-
wiennst MKC K MemuaJbHOMY HaIMBIIIEJIKY TIEUE€BOI KOCTU COCTaBsIeT 45,5+9,3 MM? U MMeeT OKpYIIyIo Gop-
my. CpemHsIs ITHA JTyYeBOii KoyutaTepanbHoii cBsisku — 20,5+1,9 mm; mmmpuHa — 5,2+0,8 MM, cpeIHSs TUIOMIAlb
ee TIPUKpEIUIeHNsT Ha TuIeueBoit Koctu — 13,6%1,4 Mm% CpeqHss IUIOMAab KOPOTKOTO JIYYeBOTO pasrubaresns 3a-
TISICThSI HA JIaTepaJibHOM HaJIMbIIIIe/TKe TIJIeueBOoit KOCTH cocTaBisieT 53,137 mm2. CpeiHee pacCTosiHME OT BXOfa
DTy6OKO¥ BeTBYM JTyU4eBOT0 HepBa B CYIIMHATOPHBIN KaHaJI 10 CycTaBHOI memu — 28 (25,5-29,6) Mmm.
3axkntoueHue. B pe3ynbraTe MCCIeq0BaHMUS OIpeaeeHbl Haubonee 6e30MacHble apTPOCKOIMYECKIE JOCTYIIbI
K JIOKTEBOMY CYCTaBy C MMHMMAJIbHBIM PUCKOM TOBPEXIAEHUSI COCYIUCTO-HEPBHBIX CTPYKTYP MPU JIEUEHUN
MAaMEeHTOB C JJaTePTbHBIM U MeAUaTbHbIM SIUKOHAUINTOM.

KimioueBble CJIOBa: MeIVaTbHbIN STTMKOHIVIINT, JIATEPATbHbIN SITMKOHAVIIAT, apTPOCKOINS, KAHAJ CYIIMHATO-
pa, XMPypruvecKkme OOCTYIIbI K JOKTEBOMY CYCTABY.
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BACKGROUND

Incomplete satisfaction of patients with en-
thesopathies of the distal humerus with the results
of open surgical treatment led to the development
of minimally invasive techniques [1]. The difficulty
of surgical treatment of this pathology is associat-
ed with the complexity of the anatomical structure
and biomechanics of the elbow joint (LS), as well
as with contractures and heterotypic ossifications
developing in the postoperative period [2].

Arthroscopy of elbow joint allows not only to
diagnose intraarticular changes, but also to si-
multaneously perform all the necessary medical
manipulations [3]. At the same time, elbow joint
arthroscopy is a complex procedure compared to
arthroscopy of the knee and shoulder joints, which
is due to the small volume of the joint, the close
location of neurovascular structures and the tech-
nical complexity of the procedure [4]. Therefore, it
has not been widely distributed. The share of ar-
throscopic procedures on elbow joint in the over-
all structure of arthroscopies is 11% [5].

To date, there are six generally accepted ar-
throscopic approaches to elbow joint, which
have their advantages, disadvantages and risks
of iatrogenic complications [3]. The risk of dam-
age to neurovascular structures during elbow
joint arthroscopy is up to 11.8% [4, 6]. A lot of
studies have been carried out to examine the
topographical and anatomical features of neu-
rovascular structures in the area of elbow joint,
as well as the risk of their injury by instruments
inserted into the joint cavity through formed
arthroscopic approaches [7, 8, 9]. There are iso-
lated studies that investigate the degree of neu-
rovascular structures displacement depending
on the flexion angle in the elbow joint [10, 11].
Along with this, there are practically no studies
of the topography of neurovascular structures
in relation to arthroscopic treatment of patients
with enthesopathies of the distal humerus [12].
Quite a lot of cadaveric studies have been car-
ried out aimed at research of safe and effective
arthroscopic approaches to elbow joint [5, 10,
11, 13].

The following arthroscopic approaches are
most often used for the treatment of patients
with pathology of elbow joint: proximal medial,
anterolateral, proximal lateral and anteromedial,
however, there are practically no publications de-

voted to justification of arthroscopic approaches
to elbow joint safety in enthesopathies of the dis-
tal humerus [14, 15, 16].

The aim of the study was to determine the saf-
est areas promising for the formation of mini-
mally invasive approaches to the elbow joint in
the treatment of patients with enthesopathies of
the distal humerus.

METHODS

A two-center complex topographic anatomical
and clinical study was performed.

Topographic anatomical study

Topographic anatomical study was performed on
30 unfixed human elbow joints cadaver speci-
mens (16 women and 14 men) who died at the
age of 22 to 65 years. The study did not include
cadavers that were exposed to external influ-
ences (injuries, burns), as well as cadavers with
diseases that cause destruction of the joint and
articular surfaces.

The following parameters were studied:

1) topography and location of the main neu-
rovascular structures in relation to adjacent bone
structures, as well as changes in these parame-
ters depending on the angle elbow joint flexion;

2) anatomical features and topography of the
radial collateral and ulnar collateral ligaments
and their relationship with the tendons of the ex-
tensor carpi radialis brevis (ECRB) and the flexor
carpi ulnaris (FCU);

3) the area of ECRB and FCU tendons attach-
ment to the distal humerus;

4) the location of the Frohse arcade (canalis
supinatorius).

The first stage was to determine the shortest
distance from the radial nerve to the humerus
and radius and from the median nerve to the
humerus and ulna with different functional po-
sitions of the elbow joint. Measurements were
performed at three levels: level I — 5 cm above
the articular gap; level II — at the level of the
joint; level III — at the level of the radius neck
(Fig. 1).

After dissection of the neurovascular bundle
in the axilla, a subclavian single-channel cath-
eter was inserted into the axillary artery, through
which an oil suspension of lead whitewash was
injected.
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Radiopaque marks made of copper wire were
stretched along the radial and median nerves, af-
ter which angiorentgenography of the elbow joint
area was performed in AP and lateral projections
in three functional positions: in 90°, 120° and 0°
of flexion. According to the obtained images, the
distance from the marked structures to the ante-
rior border of the adjacent bone was measured in
the lateral projection (Fig. 2).

Measurements were performed at levels I, Il and
I1I. Then the analysis of the obtained data was car-
ried out in order to determine the position of the
limb at which the studied distance was maximal.
Using angiorentgenograms in AP projection at lev-
el I in the position of full extension, the distances
from the conditional lateral epicondylar line (CLEL)
to the radial nerve and from the conditional medial
epicondylar line (CMEL) to the median nerve and
brachial artery were studied (Fig. 3). This stage of
the study was necessary to determine safe zones
in which nerve-vascular structures injury is mini-
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mized, since level II is the most convenient for the
location of arthroscopic approaches.

The next stage was to study individual charac-
teristics, in particular, the variability of the anato-
my, topography, and the mutual disposition of the
tendon groups of the flexor and extensor muscles
of the forearm. Particular attention was paid to the
tendons most susceptible to degenerative changes
in epicondylitis of the distal forearm. According
to the literature, FCU, the pronator teres humeral
head in medial epicondylitis and ECRB in lateral
epicondylitis are most often affected [17, 18] (Fig. 4).

To determine the volume required for full-
fledged resection of a degeneratively altered ten-
don, the areas of enthesis to the condyles of the
humerus were determined. To perform this task,
careful preparation of the studied tendons was
carried out, followed by their cutting off from
the humerus, morphometric measurements were
performed and the area of the attachment zone
was calculated using selected formulas.

<« Median nerve

<«—— Ulnarnerve

& Medial epicondylar line

Fig. 1. Scheme of anatomical
structures at three levels

in the area of the elbow
(front view)

Fig. 2. Angiograms of the right
elbow: a — lateral projection,
flexion by 0°; b — lateral
projection, flexion by 90°, where
the arrrows indicate X-ray
contrast marks: 1 — median
nerve; 2 — superficial branch
of the radial nerve; 3 — deep
branch of the radial nerve;

H — distance from brachial
artery to the anterior surface
of the humerus
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Fig. 3. Vascular and nerve structures at the elbow II level:

a — angiorentgenogram; b — schematic image; A, — the distance from the radial nerve to the humerus
anterior surface; A, — from the median nerve to the humerus anterior surface; B, — from the radial nerve
to the lateral epicondylar line; B, — from the median nerve to the medial epicondylar line; 1 — lateral
epicondylar line; 2 — median nerve; 3 — radial nerve; 4 — medial epicondylar line

Fig. 4. Unfixed anatomical preparation of right
elbow, view from the lateral surface of the
forearm. Topography of the extensor tendons in
the area of the lateral epicondyle of the humerus.
Black lines marked to intermuscular borders:

1 — brachioradialis muscle; 2 — extensor carpi
radialis longus; 3 — extensor carpi radialis brevis;
4 — superficial extensor digitorum; 5 — extensor of
the little finger;

6 — lateral epicondyle of the humerus; 7 — flexor
carpi ulnaris

Then we studied the supinator channel lo-
cation — the so-called supinator arc, or Frohse
arcade. To do this, the topographic area in the
projection of the radial nerve was dissected on 30
macro-preparations from the level of the elbow
joint articular gap to the entry of the radial nerve
deep branchinto the supinator canal, followed by
fixing this distance on each macro-preparation.

The results of the topographic anatomical
study were recorded in the protocols. To preserve
the actual material and the possibility of addi-
tional analysis, the main stages of the study were
recorded using digital photography. To analyze
the variability of the studied distances and their
statistical analysis, the results of the protocols
were entered into an Excel spreadsheet.

Clinical study

In the clinical part of the study, variants the neu-
rovascular (brachial artery, ulnar, median, radial
nerves) and tendon-muscle structures anatomy
were studied by analyzing 30 magnetic reso-
nance imaging scans of elbow joints performed
on a Philips 3.0 T tomograph. MRI was performed
on 16 men and 14 women with the initial stages
of osteoarthritis, the average age was 44.0%6.3
years (from 21 to 67). The Dicom Viewer Radiant
computer program (Medixant, Poland) was used
to process the MRI data.

The distances from the radial and median
nerves and the brachial artery to the anterior
border of the humerus shadow were measured in
axial projection on the MRI of the elbow joint at
level II. Distances to CLEL and CMEL were also
measured from the above-mentioned structures
(Fig. 5).

The features of the topography and morpho-
metric characteristics of the elbow joints liga-
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ments, namely the radial collateral ligament (RCS)
and the anterior bundle of the medial collateral
ligament (ABMCL), were studied on tomograms in
the coronary projection (Fig. 6). On tomograms in
the sagittal projection, the sizes of the ECRB and
FCU tendons attachment zones to the lateral and
medial condyles of the humerus were studied.

Statistical analysis

Statistical data processing was carried out using
the Past 306 program, followed by the construc-
tion of tables. The normality of the data distri-
bution was evaluated using the Shapiro-Wilk
criterion. For normally distributed indicators,
the average values, standard deviation and 95%
confidence interval are presented. The statistical
significance of the differences in the mean values

Fig. 5. MRI of the elbow joint, axial projection,
where:

1 - medial epicondylar line; 2 — brachial artery;
3 — median nerve; 4 — radial nerve;

5 — lateral epicondylar line

in the dependent samples was assessed using the
Wilcoxon t-test of paired comparisons. The criti-
cal value was considered to be p<0.05. For indica-
tors that are not normally distributed, descriptive
characteristics were represented by the median
and upper and lower quartiles (Q1-Q3).

RESULTS

Topographic-anatomical study results

The results of the first stage of the topographic an-
atomical study showed that when the upper limb is
flexed in the elbow joint from 0° to 90°, the radial
and median nerves are at the maximum distance
from the bone structures, however, flexion up to 120
°leads to a decrease in this distance (Tab. 1). Due to
an increase in the maximum distance between the
studied nerves and bone structures at levels II and
III manipulations in elbow joint and approaches at
these levels are safer than at level I.

Cadaveric X-ray angiographic studies of the
brachial artery in the area of the elbow joint
showed that in flexion up to 90°, the brachial
artery moves away from the bone and is at the
maximum distance at level I (Tab. 2).

Then the safe intervals of possible apprach
displacement from the humerus condyles in the
frontal plane at level II were determined, since
this level is the most convenient for the release
of injuried tendons. When studying the distances
from the CLEL to the radial nerve and from the
CLEL to the median nerve and brachial artery,
angiorentgenograms at level II determined that
the radial nerve is located at a distance of 15.8
(15.6-16.0) mm, the median nerve is 17.5 (16.6-
18.1) mm away from the CLEL, and the brachial
artery is 23.7 (20.5-22.8) mm.

Fig. 6. MRI of the elbow, axial
projection. Arrows indicate:

a — anterior bundle of the ulnar
collateral ligament;

b — radial collateral ligament
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Table 1
Distance from the anterior shadow of bone
structures to peripheral nerves

Angle of
% Nerve elbO\Ac/1 é]gexion, Me (Q,-Q,), mm
3 .

0 6,4 (6,2-6,6)

Radial 90 7,8 (7,4-8,4)

I 120 6,9 (6,7-7,1)
0 15,4 (15,2-16,0)
Median 90 16,2 (15,8-16,5)
120 15,5 (15,3-16,2)
0 13,4 (13,1-13,7)
Radial 90 16,4 (16,0-16,5)
120 16,1 (15,7-16,2)

I 0 13 (12,6-13,5)

Median 90 21,8 (21,6-22,5)
120 21,6 (21,4-22,2)

0 9,7 (9,5-9,9)
Radial 90 14,7 (14,3-15,2)
120 14,6 (14,4-15,0)

= 0 6,4 (5,8-6,8)
Median 90 15,2 (14,9-15,6)
120 14,9 (14,4-15,2)

Table 2

The distance from the brachial artery to the
anterior shadow of the adjacent bone
at three levels

The most comfortable level to manipulate in-
juried tendons of the extensor and flexor muscle
groups of the forearm is level II. The distances
from the condyles to important neurovascular
structures are determined:

1) for the lateral approach, the zone is located
no more than 15 mm from the CLEL, with a dis-
placement of more than 15 mm, the risk of injury
to the radial nerve increases;

2) for the medial port, the zone is limited to
15 mm from the CMEL, with an increase in this
distance, the risk of damage to the brachial artery
and median nerve increases.

During the second stage, it was revealed that
the average proximal width of the ABMCL is
6.2%¥1.4 (4.2-9.1) mm. The average width of the
middle part is 6.5+1.5 (4.3-9.2) mm, the average
distal width is 9.3*1.4 (6.2-13.5) mm. The av-
erage area of the zone of its attachment to the
medial condyle of the humerus is 45.5+9.3 (25.9-
59.4) mm? and had a rounded shape. In the area
of the ulna (coronoid process), it has an oblong
shape, the average area of attachment is 65.4
(54.3—78.6) mm?, the total length of the ABMCL
is 21.5 (20.0-23.0) mm.

The RCS is very closely adjacent to the ECRB
tendon and is located above the middle humero-
radial line of the joint, when attempting to re-
lease the RCS below this line, there is a high risk
of damage to the RCS. The average total length
of the RCS is 20.5%1.9 mm, the beam width of
the RCS is 5.2+0.8 mm, the average total length
is 44.6=1.9 mm. The average area of the RCS at-
tachment zone on the humerus is 13.6 £ 1.4 mm?.

The ECRB is located directly under the exten-
sor carpi radialis longus (ECRL), and to reach this
structure it is necessary to dissect or displace it.
It was also found that the ECRB is adjacent di-
rectly to the anterior capsule of the elbow joint.
The average area of the ECRB is shown in Table 3.

During the study of the ECRB tendon in the
area of attachment to the humerus lateral con-
dyle, it was revealed that this area has the rhom-
boid shape (Fig. 7).

The tendon part of the FCU is located above
the middle humeroradial line, directly adjacent
to the ABMCL, and when performing the FCU
release below the middle humeroradial line, the
probability of the medial collateral ligament in-
jury increases. The average area of the FCU in the
area of attachment to the humerus medial con-
dyle is shown in Table 3.

level | o deg. | Me(@-Q)mm
0 26,9 (26,6-27,2)
I 90 28,6 (28,4-28,7)
120 27,8 (27,7-28,1)
0 15,3 (15,2-15,4)
I 90 16,8 (16,5-17,1)
120 15,8 (15,6-16,0)
0 19,7 (19,5-19,9)
I 90 21,4 (21,2-21,7)
120 20,8 (20,7-21,0)
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Table 3
The area of tendons attachment to the
humerus condyles at the II level

Tendon M#SD, mm?
ECRB 53,1+3,7
FCR 58,3+6,3

During the study of flexor muscle group of the
forearm tendons, namely the area of attachment
of the FCU tendon to the medial condyle of the
humerus, it was revealed that it has the shape of
a circle (Fig. 8).

i

V-

Fig. 7. Unfixed anatomical macropreparation

of the right elbow. Attachment of extensor carpi
radialis brevis, where the tendon is indicated by a
rhombus, the blue arrow indicates the width, the
red arrow — the height

Fig. 8. Unfixed macropreparation of the left elbow. Measurement of the attachment of the tendon of the
flexor carpi radialis of the left elbow joint, where the area of attachment of the flexor carpi radialis is
marked by a circle a — the macropreparation of the tendons of the flexors of the left elbow joint, where the
area of attachment of the radial flexor of the wrist is marked by a circle.

b — the macropreparation, a condition after exposure of the area of attachment of the tendon of the radial
flexor of the wrist to the area of the medial condyle of the humerus (marked by a yellow label)

The median distance from the articular gap to
the entrance of the deep motor branch of the ra-
dial nerve into the supinator canal was 28 (25.5-
29.6) mm, which causes a high risk of damage to
this structure manipulating in these areas.

Clinical study results

During the MRI examination of the elbow joint
in axial projections at level II, the distances from
the neurovascular structures (radial and median
nerves, brachial artery) to the anterior border of

the humerus shadow, as well as from the radial
nerve to the CLEL and from the median nerve
and brachial artery to the CMEL were measured
(Tab. 4).

The results obtained were not have statically
significant differences with the data obtained
by analyzing angiorentgenograms in the topo-
graphic anatomical part of the study (p>0.05).
The safe distance from the conditional epicon-
dylar lines can be considered 16 mm versus 15
mm obtained by angiorentgenograms (Tab. 5).

155 2022;28(4)

TRAUMATOLOGY AND ORTHOPEDICS OF RUSSIA



THEORETICAL AND EXPERIMENTAL STUDIES

Table 4
The distance from the neurovascular
structures to the CLEL and CMEL
at the II level with full extension
of the upper limb

Level

CLEL

Structure Me (Q,-Q,), MM

17,6 (17,4-17,9)

Radial nerve

Brachial artery 22,8 (22,7-23,2)

18,8 (18,7-19,2)

. CMEL
Median nerve

Table 5
The distance from the neurovascular
structures to the anterior surface of the
humerus at level II with full extension of
the upper limb according to anatomical
examination and MRI, Me (Q1-Q3), mm

Structure MRI Anatomical

Radial nerve 12,8 (12,4-13,7) | 13,4(13,1-13,7)

Brachial artery 15,7 (15,7-15,9) | 15,3 (15,2-15,4)

Median nerve 14,9 (14,3-15,8) 13 (12,6-13,5)

p>0,05.

In the final part of the clinical study, the
length of the medial and radial collateral liga-
ments, as well as the area of their attachment
zones, were determined. According to MRI data,
the average length of ABMCL is 20.5 (19.6-23.5)
mm. It is best visualized on MRI on frontal
sections.

The average length of the RCS is 26.5 (24.7-
28.7) mm. The revealed parameters of ligament
length can be useful in cases of their iatrogenic
injury during the release of damaged tendons.

Also, according to the MRI data, the aver-
age areas of the attachment zones were deter-
mined: the tendons of the ECRB — 52.4 mm?,
the FCU — 56.2 mm?. The average width of the
ECRB in the attachment area was 3.1 £1.7 mm:
in the middle part — 7.2+2.1 mm and in the dis-
tal part — 4.5*1.8 mm. The average width of the
FCU in the attachment area was 4.3*1.3 mm: in
the middle part — 8.1+2.3 mm and in the distal
part — 5.7+2.1 mm. The results obtained have
no statistically significant differences with the

data obtained in the topographic anatomical
part of the study (p>0.05).

DISCUSSION

The risk of neurovascular structures injury dur-
ing arthroscopy of elbow joint is due to various
factors: insufficient experience of the surgeon,
poor knowledge of the neurovascular structures
topography, the close location of nerves in the
area of arthroscopic approach [20]. In arthro-
scopic treatment of lateral epicondylitis, the deep
branch of the radial nerve, the medial cutaneous
nerve of the forearm, the anterior interosseous
nerve of the forearm, which is also a branch of
the median nerve, are the most vulnerable to in-
jury [21, 22]. The deep branch of the radial nerve
and the anterior interosseous nerve are motor
branches, when damaged, the functions of the
hand are violated.

According to the results of our topographic an-
atomical study, the radial and median nerves are
at the maximum distance from the bone struc-
tures at the angle of elbow joint flexion from 0 to
90 °, but further flexion leads to a decrease in the
distance. According to C.D. Miller et al., the dis-
tance of the median and radial nerves from the
bone is 12 and 6 mm, respectively in 90 ° flexion.
It is worth noting that in their study, the authors
used a saline solution for insufflation, which sig-
nificantly increases the distance of the neurovas-
cular structures to the bone, but they estimated
the distance from the joint capsule to the nerve
structures [10]. A similar study was performed by
M. Hackl et al., who estimated the distance from
the neurovascular structures to the bone during
flexion in the elbow joint, as well as during 20 ml
insufflation of saline solution into the joint [11].

In the Russian literature, we have not found re-
ports of topographic anatomical studies devoted
to determine safe zones for the arthroscopic ap-
proaches in the treatment of medial epicondylitis
of the humerus. Previously, we performed a com-
bined topographic anatomical and clinical study
on 12 human elbow joints cadaver specimens to
determine the structural features of the medial
collateral ligament and safe arthroscopic ports
when performing the release of elbow joint [23].
The results of this study showed that the safe zone
for surgery is located above the midline of the hu-
meroulnar joint by 2 (1.0-3.2) mm. In this zone,
there is a minimal risk of damage to the ABMCL.
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During the study of ABMCL, it was revealed
that it has a dense location in relation to the
FCR. The width of the ulnar collateral ligament
was measured in three places. And these values
are consistent with the values obtained in the
studies of S. Floris with co-authorset al. [24],
L.A. Timmerman et al. [25], W.D. Regan et al.
[26] The measurements performed in this study
showed that the width of the ligament is uneven,
increases in the distal direction (to the place of
attachment) to an average of 9.3 mm. There are
no particular differences in the area of ligament
attachment to the distal humerus, the results are
similar [27]. The data obtained has great impor-
tance for the surgeon, because due to the topo-
graphic features during the release of the FCU,
the ABMCL can be injuried. In case of injury to
this structure by more than 50% (in the proximal
part — more than 3.0 # 1.4 mm, in the middle part
of the ligament — 3.5 #1.5 mm), the risk of valgus
elbow joint instability development increases.

According to our data, the average area of at-
tachment of ABMCL to the medial condyle of the
humerus is 45.5%9.3 mm?, which coincides with
the results of the study by M.E. Cinque aet al. [28].
During the study of FCU, it was revealed that the
average area of its attachment to the condyles of
the humerus is 13.6 #1.4 mm?. This differs from the
data presented by D. Berholt et al. — 7.1 mm2 [29].

According to the results of this study, the
distance from the articular gap to the entrance
of the deep motor branch of the radial nerve to
the supinator arch is 28 (25.5-29.6) mm. Its in-
jury is possible when an arthroscopic approach is
performed 3 cm distal and 1 cm anteriorly from
the lateral condyle of the humerus. The data ob-
tained completely coincide with the results of the
study by N.F. Hilgersom et al [21].

CONCLUSION

To perform approaches, the safest level for ar-
throscopic treatment of the distal humerus en-
thesopathy is level II. For arthroscopic release of
ECRB, it is recommended to use a proximal medial
approach 2.0 cm proximal and 0.5 cm anteriorly
from the medial epicondyle of the humerus, and
an anterolateral approach located 1.0 cm distal
and 1.0 cm anteriorly from the lateral epicondyle
of the humerus. For arthroscopic release of FCU, it
is recommended to use an anterolateral approach
located 1.0 cm distal and 1.0 cm anteriorly from

the lateral condyle of the humerus, and anterome-
dial approach located 2.0 cm distal and 2.0 cm an-
teriorly from the medial condyle of the humerus.
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Background. Adequate blood flow in tissues during bone union is a factor that enables to achieve positive
treatment results.

Aim of study — to study in vivo the features of temperature response and blood flow in consolidation area of
tibial primary fractures and refractures.

Methods. A tibial fracture was simulated in rats and then immobilized with external fixator. In series 1
(n = 13) the fixation was kept until union. In series 2 (n = 18) a refracture was simulated 21 days after the surgery
and refixed until union. The blood flow and tissue temperature were studied in the fracture area in normal
conditions; 21 and 35 days after fracture or refracture; 28 days after the end of fixation.

Results. The temperature and blood flow were of the same type, but of different intensity. Three types of reactions
were identified: 1) reduced blood flow velocity and tissue temperature, signs of venous outflow difficulty; 2)
increased blood flow, unchanged venous outflow, reduced tissue temperature; 3) slight blood flow decrease,
increased venous outflow, slight tissue temperature increase. By the end of fixation (35 days) all parameters
in series 1 returned to normal. 28 days after the end of fixation the tissue temperature and venous outflow
returned to normal in series 2 animals with the first and the second types of hemodynamics, their blood flow
velocity decreased. As for the third type, the tissue temperature returned to normal, the venous outflow and the
blood flow velocity increased.

Conclusion. In case of primary fractures, the blood flow and the tissue temperature normalized by the end of
fixation. In case of refractures the changes persisted 1 month after the end of fixation.
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femopMHaMuKa M TemMnepartypa TKaHen B 061acTu cpaweHus
NepBUYHOrO U MOBTOPHOrO NEpeIoMOB AJIMHHbIX KOCTEN:
3KCNEepPUMEHT in vivo
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AKmyanbHOCmMb. ATeKBaTHOE KpOBOOOpallleHe B TKAHIX IIPU CpallleHUY IepeioMOB SBJIsieTcs GakTOpPOM J0-
CTUSKEHMSI TIOJIOXKUTEIbHBIX Pe3yIbTaTOB JieueHus.

Llensuccnedosanus —BoKCIIEPUMEHTE iNVIVOU3YUIUTOCOOEHHOCTUTEMITEPATYPHOI peaKIMMMKPOBOOGpaIeH s
B 06J1aCTM CpallleHysI IEPBUYHOTO ¥ [IOBTOPHOT'O MIEPEIOMOB 60JbIIIe6ePIIOBOI KOCTH.

Mamepuan u memodst. KppicaM MOIeIMPOBaIN IepeaoM 60/bl1e6epiioBoil KOCTH, 3a(UKCUPOBAHHBIA Ha-
PY’KHOJ KOHCTpyKIiMeii. B 1-i1 cepum (n = 13) pukcaumio mpomosskanu o cpaiienus. Bo 2-it cepun (n = 18)
yepes 21 cyT. MogenupoBany pedpakTypy 4 HOBTOPHO GuKcUpoBanu. Msyuaanu KpoBoobpalieHue 1 TeMrie-
paTypy TKaHel B IpoeKI[Mu IiepejiomMa B HopMe; uepes 21 1 35 cyT. mociie repenoma 1 peppakTypsl; uepes 28
CYT. TIOCJIe TIpeKpalieHus purcaimn.

Pesynbmamel. TemiiepaTypa 1 KpoBooGpaleHye ObIIM OMHOTUITHBIMU, HO Pa3HO CTEIIeH! BbhIPasKeHHOCTH.
BoisiBUIM ciefyoliye TUIBI peakiiuu: 1) TOHMKeHHbIE CKOPOCTbh KPOBOTOKA U TeMIlepaTypa TKaHelt, mpu-
3HAKM 3aTPyJHEHMSI BEHO3HOTO OTTOKA; 2) YCUJIeHHbI KPOBOTOK, HEM3MeHEeHHbI i BeHO3HbII OTTOK, ITIOHM-
>KeHHast TeMrepaTypa TKaHei; 3) He3HaUMTeNbHO CHUXEHHBI KPOBOTOK, YCMJIEHHbI BEHO3HbI OTTOK, He-
3HAUYMTE/IbHO TIOBbINIIEHHASI TeMIlepaTypa TKaHeli. K okoHuaHuio pukcauun (35 cyT.) B 1-i cepuu nmapameTpsbl
HOpMaJIn30Ba/nCh. Bo 2-i1 cepuu yepe3 28 cyT. mocje mnpekpaiieHus Gukcanmum y XMBOTHBIX C TEPBBIM U
BTOPBIM TUIIAMM peaKIMy TeMrepaTypa U BeHO3HbI OTTOK HOPMa/IM30Ba/IMCh, CKOPOCTb KPOBOTOKA CHMKA-
nack. [Ipu TpeTbeM TUIIE TeMIIEpATypa HOPMaanM30Baaach, BEHO3HBIN OTTOK YCUIUBAJICS, CKOPOCTh KPOBOTO-
Ka yBeJINYMUBaIach.

3axnrouenue. TIpu cpalieHMM IEPBUYHOTO IepesioMa KpoBooOpallleHye 1 TeMITepaTypa TKaHeil HOpMaIu30Ba-
JMCh K OKOHYaHMIO uKcalum, a ipu pedpakTypax dyepes Mecsll ITocjie mpekpaiieHus: Gukcay M3aMeHeHUs
COXPaHSIUCh.

KnioueBsble c1oBa: nepeyiom, pedbpakrypa, reMOAMHAMMKA, TEMITepaTypa TKaHei, SKCIIepUMeHTaTbHOe MCCIe-
IOBaHMeE.
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BACKGROUND

The problem of prevention and management of
long bone shaft refractures particularly among
pediatric patients appears relevant nowadays.
According to different authors, the frequency of
refractures varies from 0,4 to 21,3% of cases and
has no tendency to decrease [1, 2, 3]. The causes
of this pathological condition might be differ-
ent. The major of them are improper clinical and
laboratory patient examination, bone injury type
and localization, inaccurate bone fragments re-
duction, insufficient and incorrect immobiliza-
tion regardless of the chosen treatment tactics,
as well as big number of surgeries and reduction
procedures on the injured segment, systemic
skeletal disorders, osteomyelitis. Early end of im-
mobilization might also lead to refracture of the
united bone as the reparative osteogenesis has
not finished yet and the bone callus has insuf-
ficient mechanical load resistance.

Bone union signs are crucial to decide upon the
external fixation removal. Two standard X-rays
views (anteroposterior and lateral) are com-
monly taken in that case, and the union signs are
an uninterrupted cortical plate on three or four
sides in the area of consolidation [4, 5]. However,
some authors admit that standard X-rays do not
provide enough information [6, 7]. Therefore, the
scientists keep searching unexpensive and easy-
to-do non-invasive or minimally invasive evalua-
tion methods of quality of regenerated bone [8, 9,
10]. Blood flow evaluation methods of bone and
soft tissues seem to be rather promising, that is
pointed out by many researchers [11, 12, 13].

Many scientific publications mention blood
flow features of tissues at different stages of
bone union of primary fractures in both pediat-
ric and adult patients [14, 15, 16, 17]. However,
available data have no information on hemody-
namic changes in the consolidation process of
refractures occurred due to an early end of im-
mobilization. As a consequence, investigation of
hemodynamic changes and other corresponded
processes including temperature response in the
area of ongoing bone union of primary fractures
and refractures is of great scientific and clinical
significance.

Aim of study — to investigate during in vivo
experiment the features of temperature response
and blood flow in the area of bone union of tibial
primary fractures and refractures.

METHODS

Study design

36 rats of Wistar line of both sexes with the weight
from 306 to 506 grams were picked for our in vivo
experiment. In all cases the transverse osteotomy
was performed in the middle of diaphysis of the
right tibia. Bone fragments were fixed with uni-
lateral external fixator. All animals were random-
ly divided in two experimental groups after the
surgery. In series 1 (n = 13) after simulating the
primary fracture, the fixation was preserved until
the bone union that was registered clinically and
radiologically. In series 2 (n = 18) the refracture
of the damaged area was simulated by the appli-
cation of flexion forces to the bone fragments 21
days after the surgery, then the external fixation
was reapplied until the bone union [18].

Inclusion criteria. Clinically healthy ani-
mals at the age of 5-6 months were used in the
experiment.

Exclusion criteria. 5 animals in experimental
series 1 had refracture of the bone callus area in
the period through to 28 days after the registered
bone union and the end of external fixation. This
was regarded as an exclusion criterion, so these
cases were not taken into account in the analysis
of obtained results. Thus, the series 1 experiment
included 13 out of 18 animals that underwent the
surgery.

Experiment conditions

All animals were managed in individual cages
in vivarium. Identical light and temperature
conditions were provided in the room. Identical
nutritionally balanced feed and clean drinking
water were used in the diet. One and the same re-
searcher performed physiological examinations
in a specially equipped room.

Duration of study

Blood flow and local temperature in the bone
injury area were evaluated to achieve the aim of
study at the following stages: before experiment;
in 21 days of fixation after fracture simulation
and osteosynthesis in series 1 and 2; in 35 days of
fixation after fracture simulation and osteosyn-
thesis in series 1; in 35 days of fixation after re-
fracture simulation and osteosynthesis in series
2;in 28 days after bone union and end of external
fixation in series 1 and 2.
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Physiologic examination procedures,
main study results and registration
methods

Examinations were performed using rheograph-
polyanalyser RGPA-6/12 “Rean-Poly” (SPCF
“Medicom MTD”, Russia) and accessories com-
ing with it. Animals were anesthetized by intra-
muscular injections of Zoletil at the dose of 2-5
mg/100 g. After that the fur on the medial side of
experimental segment was cut out with scissors
avoiding skin damage. The DT-3 contact tem-
perature sensor was installed in the projection of
the fracture to record local temperature (T, °C).
Thermometry was performed for 3 min. Then the
photoplethysmography (PPG) of the same area
was carried out for 1 min using the PPG-2 detec-
tor (superficial). Vasomotor reactions of large,
medium and small arteries were evaluated by the
changes of the maximum speed of rapid blood
filling (MSRBF, ohm per second) and the aver-
age speed of slow blood filling (ASSBF, ohm per
second). Venous outflow index (VOI, %) chang-
es were analyzed to assess the venous outflow.
Values of studied parameters acquired before the
experiment and gathered from 15 intact animals
were used as references.

Additional study results their
registration methods

Heart rate (HR) was additionally registered at the
examination stages by recording electrocardio-
gramm with the same equipment. Overall body
temperature (To) was taken using digital ther-
mometer. The presence of soft tissues pathologic
changes in the fracture area (exudative inflam-
mation, hematoma etc.) was visually noticed dur-
ing the examinations.

Statistical analysis

Statistical analysis of quantitative data was per-
formed with the use of AtteStat 13.1 software
(Russia). Population of quantitative data was de-
scribed by the median value (Me) and lower and
upper quartiles (Q1-Q3). Statistical significance
of differences was evaluated using Wilcoxon test
for paired and independent samples. Differences
were considered statistically significant at the
p<0.05 significance level.

RESULTS
Main study results

There were no cases of animal death during the
whole experiment. Reference ranges for experi-
mental variables were the following: T — 31,1
(30,48-31,81) °C, MSRBF — 2,3 (1,76-2,55) ohm
per second, ASSBF — 0,88 (0,54-1,49) ohm per
second, VOI — 56,73 (53,4-65,0) %.

Results obtained during the local tissue tem-
perature recording and PPG revealed different
dynamics of changes of experimental variables in
the period of external fixation.

21 days after the surgery 38,7% (n = 12) of
examined animals had statistically significant
T decrease by 1,11°C (p = 0,02) comparing to pre-
operative values. MSRBF and ASSBF parameters
decreased by 75,77% (p = 0,003) and 79,76% (p
= 0,03) respectively. Among the cases with such
dynamics (hereinafter — animals «T| MSRBF|
ASSBFHa |», in figures «Type |||») 50% of ani-
mals were included in the experimental series 1
and 50% - in the series 2. These experiments re-
corded VOI increase by more than 20% (p = 0,01).

Other series of experiments (38,7%;
n = 12) recorded significant T decrease by 1,77°C
(p = 0,0006). At the same time MSRBF and ASSBF
increased 2,97-fold (p = 0,006) and 2,96-fold
(p=0,01) respectively (hereinafter — animals «T
MSRBF?1 ASSBF1», in figures «Type |11»). 33,3%
(n=4) of cases were included in the experimental
series 1,66,7% (n = 8) - in the series 2. These ani-
mals had no venous outflow disorder, their VOI
values corresponded to normal, although were
insignificantly higher in the series 2 than preop-
erative ones (p = 0,03).

22,6% (n = 7) of animals had insignificant
T increase by 0,32+0,20°C (p = 0,56) on average.
However, MSRBF and ASSBF had statistically sig-
nificant decrease by 29,82% (p =0,02) and 10,07%
(p =0,02) respectively. 42,9% (n = 3) of cases were
included in the experimental series 1, 57,1%
(n=4) - in the series 2 (hereinafter — animals «T?
MSRBF| ASSBF|», in figures «Type 1||»). These
animals had a weak tendency for venous outflow
increase during all experiments. That was marked
by the VOI decrease comparing to preoperative
values (p = 0,03). Thus, there were no statistically
significant difference of this parameter from the
norm (p = 0,08).
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T parameter in animals with «T| MSRBF|
ASSBFHa |» increased by 0,48°C in the experi-
mental series 1 by the end of external fixation
(35 days after the surgery) comparing to previous
experimental period. Its values varied within the
lower limit of physiological range. MSRBF and
ASSBF parameters increased comparing to previ-
ous experimental period and reached normal val-
ues. Meanwhile, the VOI parameter decreased a
little. Its difference from preoperative and intact
values was not statistically significant.

As for experimental series 2, the T parameter
increased and became physiologically normal
(p = 0,06) 35 days after refracture simulation and
osteosynthesis. Although the VOI parameter cor-
responded to intact values, it still did increase by
11% compared to preoperative values. That was
considered as a mild venous outflow difficulty.
MSRBF and ASSBF continued decreasing, their
values dropped off by 88,80% (p = 0,002) and
82,14% (p = 0,004) respectively.

The values of arteries vasomotor reactions
parameters (T, MSRBF and MSSBF) also returned
to normal in series 1 animals with «T| MSFBF1
ASSBF1» changes. Signs of venous outflow in-
crease were identified. It was confirmed by sta-
tistically significant VOI decrease compared to
both preoperative (p = 0,03) and previous experi-
mental stage values (p = 0,02). T values in series
2 animals with «T| MSRBF1 ASSBF1» changes in-
creased by more than 0,5°C (p = 0,05) comparing
to normal and more than 2,0°C (p = 0,04) com-
paring to previous experimental stage. MSRBF
decreased but kept being 1,4-fold (p = 0,04) in-
creased compared to normal. ASSBF decreased
and varied its values within the upper limit of

physiological range (p = 0,3). At the same time
the VOI parameter returned to normal.

Values of all studied parameters in series 1
animals with «T1 MSRBF |ASSBF |» changes cor-
responded to preoperative and normal ones and
were obtained by investigating intact animals.
Series 2 parameters increased comparing to
preoperative values. The T parameter increased
by more than 1°C (p = 0,03), MSRBF — 3,8-fold
(p=0,001), ASSBF — 2,1-fold (p = 0,001). VOI re-
mained the same.

Figures 1-4 show all dynamic changes of lo-
cal temperature and cover tissues as well as ar-
teries vasomotor reactions and venous outflow
parameters at the stage of external fixation of
damaged bone.

Regardless of the blood flow type, the studied
parameters in series 1 animals varied their values
within the physiological range during all experi-
ments 28 days after the end of external fixation.

T and VOI parameters in series 2 animals with
«T| MSRBF| ASSBF|» and «T| MSRBF1 ASSBF1»
changes usually had no statistically significant
difference comparing to normal values (p = 0,4
and p = 0,6 respectively) 28 days after the end of
external fixation. Other parameters decreased
significantly compared to the norm (more than
3-fold, p=0,001). During that period the T param-
eters in «T1 MSRBF| ASSBF |» animals decreased
by 0,95°C (p = 0,04) comparing to the previous
experimental stage and did not significantly dif-
fer from the norm (p = 0,3). MSRBF and ASSBF
increased 1,5-fold comparing to the values ob-
tained at the end of external fixation (p = 0,002).
The VOI values were 24,6% (p = 0,009) lower than
physiologically normal and preoperative ones.
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Additional study results

In the course of experiments all animals had no
pathological changes in soft tissues in the area of
simulated fracture. There were also no statisti-
cally significant changes in heart rate and overall
body temperature at different experimental stag-
es comparing to preoperative values. No statis-
tically significant difference of these parameters
was registered at all experimental stages and be-
tween series (Tab. 1).

DISCUSSION

Temperature and blood flow hypo- or hyperki-
netic changes during the bone union of primary
fractures or refractures (due to an early end of
fixation) of lower-leg bones diaphysis were rath-
er similar but had varying intensity. The dynam-
ics of the primary fracture union being quite the
same, the blood flow and the temperature nor-
malized 1 month after the end of fixation. At the
same time the consolidation of refracture was
associated with prominent vasomotor reaction
changes that persisted 1 month after the end of
fixation.

It is acknowledged that recovery of peripher-
al circulation and its intensity represent one of
the main factors that influence the remodeling
process after bone and soft tissues injuries [19,

20]. Nowadays, non-invasive diagnostic methods
based on near infrared optical systems are most
commonly used to evaluate the tissue perfu-
sion in the bone union area. PPG is considered
the cheapest and easiest to use [21, 22]. Optical
wavelength from 470 nm and longer enables to
reach the human derma that is equivalent to 0.5-
6.0 mm of tissue depth. The sensor pressed down,
the PPG signal is enhanced, so the optical wave is
able to reach the deeper layers including deep-
seated vessels [23].

The PPG method was also used in the experi-
mental research to study the hemodynamics
under created conditions. As a result, it became
clear that similar but intensively different blood
circulation changes may occur during the bone
union of primary fractures or refractures of low-
er-leg bones diaphysis under external fixation.
As for the hemodynamic process, it may be of
hypo- or hyperkinetic nature.

33% of cases shew up venous outflow changes
comparing to preoperative values 21 days af-
ter the fracture simulation and osteosynthesis.
Nevertheless, these changes had no statistically
significant difference from the physiological
norm. At the same time vasodilatation of arter-
ies of different sizes prevailed, that was demon-
strated by the blood inflow velocity decrease by
more than 70%. That fact explained the tempera-

Table 1
Dynamics of changes in heart rate and total body temperature,
Me (Q1-Q3)
Stages of the experiment
Serial }
number Before the experience Fixation 21 days Fixation 35 days 28 dag;_\f\if;[hout
Heart rate, beats/min
1 (n=13) 294 (246.5-325.0) 264 (256-308) 304.5 (251.5-327.0) 278 (257.5-299,0)
2 (n=18) | 291 (254.5-331.0) 276.5 (245-322) 302 (290.5-332.0) 276.5 (238-322)
Ttotal., °C
1 (n=13) 34.3 (33.9-34.9) 34.74 (34.0-34.9) 35.0 (34.2-35.5) 34.52 (34.1-34.8)
2 (n=18) |34.7 (34.0-35.4) 34.8 (34.3-35.3) 34.97 (34.1-35.7) 34.9 (34.7-35.3)

In relation to the preoperative values and at different stages between the series, the significance level of differences

is p>0.05
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ture decrease of cover tissues in the damaged
area. Such circulation dynamics allowed to re-
store the arteries vasomotor properties and tis-
sue temperature by the end of external fixation
in case of primary fractures. The venous outflow
also normalized. There were no blood circulation
changes in the bone union area afterwards. The
animals with simulated refracture restored the
tissue temperature response by the time of con-
solidation. Nevertheless, the blood flow velocity
continued decreasing and the venous outflow be-
came a bit restricted. External fixation ended up,
the blood circulation in the fracture area did not
manage to be restored by the end of experiment.

There is information that the blood circulation
in the damaged area increases in children with
long bone fractures 7-14 days after osteosyn-
thesis and normalizes in the bone union period
[14, 15]. The same hyperkinetic circulation type
was recorded in more than 30% of experimental
cases. Thus, the blood flow velocity increased
significantly in the bone union area 21 days af-
ter fixation. The venous outflow was in those
cases sufficient. It appears that the blood filling
speed-up was caused by hypertonic vessel walls.
During that period the arteries vasoconstriction,
especially of small ones, led to the temperature
decrease of cover tissues by more than 1,5° C.

Such dynamics enabled to increase the venous
outflow and normalize the arteries vasomotor
properties and the tissue temperature as soon
as mechanically strong bone union was formed
after the primary fracture. As for the cases of re-
fracture consolidation, the vasoconstriction level
of large vessels increased while the small arteries
tonus normalized. That increased the blood flow
to the damaged area. As a result, the tissue tem-
perature increased and the venous outflow nor-
malized, both persisting after the end of fixation.
However, the tonus of arteries walls decreased
significantly, as evidenced by the fact that the
blood filling velocity decreased.

22% of animals had the circulation type 3
that was registered 21 days after the fracture
simulation and osteosynthesis. These cases were
characterized by the mild arteries vasodilata-
tion along with the venous hyperoutflow. Such
dynamical changes concerning vessel function-
ing led to the mild tissue temperature increase,

so that all the parameters normalized by the
time of the primary fracture consolidation and
did not change afterwards. By the end of exter-
nal fixation in case of refracture consolidations
there was a sharp vessel tonus increase with the
blood filling speed-up. The cover tissue tempera-
ture increased as well. After the end of fixation,
the arteries were in a state of vasoconstriction
while the venous outflow increased even more.
All these circumstances caused the tissue blood
filling deterioration and consequently led to its
temperature decrease.

Other authors also reported different variants
of blood circulation while treating patients with
low or upper limbs injuries [16, 24, 25]. Some of
researches mainly observed the blood inflow in-
crease to the limb tissues when managing frac-
tures by the use of various methods [26, 27].
Other researchers mentioned the blood inflow
decrease [17, 28, 29].

All experimental animals had no refractures af-
ter the end of external fixation (except the cases that
corresponded to exclusion criteria). That attests to
the fact that all 3 types of hemodynamic changes
and tissue temperature reactions in the damaged
area can be considered as positive criteria of osteo-
genesis process after primary fractures and refrac-
tures caused by an early end of immobilization. The
clinical value of our findings is determined by the
fact that they can be used to predict the reparative
osteogenesis process when managing long bone
fractures particularly via external fixation.

CONCLUSION

Hypo- or hyperkinetic changes of blood circula-
tion during the bone union of primary fractures
or refractures (due to an early end of fixation) of
lower leg bones diaphysis are rather similar but
have varying intensity.

Local hemodynamics changes may be favora-
ble prognostic criteria of reparative osteogen-
esis process. These changes can be represented
by blood flow velocity decrease associated with
tissue hypothermia and signs of venous outflow
difficulties, blood flow velocity increase with lo-
cal hypothermia and preserved venous outflow,
insignificant blood flow deceleration, local tissue
hyperthermia and venous outflow increase.
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In case of primary fracture consolidation,
the blood circulation and tissue temperature
response in the area of bone callus restore dur-
ing the bone union. Consolidation of refractures
is accompanied by more significant changes of
these variables and they do not restore 1 months
after the end of fixation.
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AKTYaJbHOCTb JaHHOW paboThl HEe BBI3BIBAET
COMHEHMII BBUIAY yBeIMUEHMSI KaK YaCTOThI Iepe-
JIOMOB [JIMHHBIX KOCTE€Jl KOHEUHOCTEeN y AeTel, TaKk
U Pa3IMYHBIX OCIOXKHEHUM NMpu ux jedeHun [1, 2,
3, 4, 5]. OmHUM U3 OCJIO)KHEHMI TTepeIOMOB AJIVH-
HBbIX CETMEHTOB KOHEUHOCTEeN y eTei, B TOM Uucie
M TOC/He XUPYPTUUECKOTO JieueHUs, SIBJISIETCS
pedpaxTypa.

K coxxaneHuto, Ha CErOOHSIIHNUI OeHb OTCYTCTBYET
06IIenTpM3HAHHOE TOJTKOBaHME TepMUHA «pedpaKTy-
pa». Eme B 1987 1. D. Grob u F. Magerl oxapakrepu-
30Ba/IM TAHHOE TOBpeXIeHMe Kak (GoKaabHOE (COB-
najaiwliee C MepBbIM IE€peIOMOM IO IJIOCKOCTH)
u mapadokasbHOe (B 30HE TATONOTUUYECKON Iepe-
crporiku koctr) [6]. S.B. Kessler u L. Schweiberer cum-
TaloT, UTO JAHHbIN JMarHo3 MpaBOMOYHO BbICTABJISTh
TOJILKO TIPU COBTIOIEHUY BCEX CJIENYIOMINX YCIOBUIA:

- Tepen, TIEPBBIM TIEPEIOMOM KOCTb  ObLaa
3[,0pOBa;

— BTOPOJi MepesioM HAaCTYIWI TOJIbKO TOC/e cpa-
1IeHUsI TIepBOTO;

— eIy TepBblii MepejioM JIeUMJICS OMepaTUBHO,
bukcaTop yganeH Ipexae YeM ITpOM30IIesl BTOPOiA
repeyioM;

— BTOpOJi MepeioM HaCTyNuI B MeCTe JIoKaau3a-
I[MY TIepBOTO 6€3 afeKBaTHOM TpaBMbI [7].

VanuThiBas MpoAo/KaIIMeCs AUCKYCCUM O TEDMIUHE
«pedpakTypa» 0 HACTOSIIIErO BpeMEHM, MOSKHO rOBO-
PUTb O HEOZHO3HAYHOCTM TPAKTOBKM CIIeIMaIUCTaMu
JIAaHHOTO OCJIOKHEHUSI B TPAKTUUECKOI AesTeTbHOCTU.
Yacrora pedpakTyp, O KOTOPBIX COOOLIAETCS B JINTE-
paType, cocTaBjsieT MpuMepHO 5% [3]. YcTaHOB/IEHO,
YTO MpPU paHHEM YyAajJeHUM MeTaZIOKOHCTPYKIIUIA,
OTKPBITBIX TlepesioMax U/WIN OTKPBITHIX BIIPaBJI€HMU-
SIX, 4acToTa pedpakTyp MOXKET YBeIMUnMBaThcs 10 9%
[3, 8]. OngHako, HECMOTPSI HA MHOXXeCTBEHHbIE Meu-
LIMHCKME TEXHOJOTUMU, IpUMeHsieMble TpU HAaHHOI
MaTOJIOTUM, BOITPOC TMOTHOTO U OBICTPOTO BOCCTAHOB-
JIeHUsI KOCTHOM TKaHM Ha CEeTOLHS OCTAeTCsl OTKPbIThIM
¥3-3a COXPAHSIOIMXCS OUIOKHEeHM. [Iporiecc BbISIB-
JieHus1 (IIpOTHO3MPOBAHMS, OMArHOCTUKMU) OCIOXKHE-
HMI1 Ha 3Tare X JOKIMHNYECKOTO Pa3BUTUS TAKXKe He
peliieH 10 HaCTOSIIEro BpeMeH!.

PeoBasorpaduueckomy MeTOqy OIEHKM KPOBOO-
OpaieHns CerMeHTOB KOHEUHOCTEN, MpUMeHSIeMO-
My NIPU UCCeN0BaHMM PerapaTUBHON pereHepanuu
IJIMHHBIX CETMEHTOB KOHEUHOCTEe, B TOM UUCIIe U in
Vivo, TIOCBSIIIIEHO 3HAYNTENbHOE KOJMUYECTBO ITyOIn-
KaLuii Kak orevyecTBeHHBIX [9, 10, 11, 12], Tak u 3a-
pyoexHbIX [1, 2, 3, 4, 5].

Tak Kakylo ke pojib B OMarHOCTUKE HapylleHUM
penapaTUBHbIX MIPOLIECCOB Y €T MMeeT MeTOf, pe-
oBasorpadum u repmomeTpun? HecoMHeHHO, JaHHAS
METOJMKA TI03BOJISIET OIIEHUTb KPOBOCHAOKEHYE KO-
HeyHOCTH. OTHAKO XOTEI0Ch ObI aKIIEHTUPOBATh BHU-
MaHMue Ha TOM, YTO y JeTeil UMeKTCsS MpeKpacHble
aJarnTMBHbIEe BO3MOKHOCTY OpraHM3Ma U, Kak rnokasa-

HO B MHOT'OUMC/IEHHBIX MCCIIENOBAHMSX, OOBITMHCTBO
neayaTpUUECKMX MAlMEHTOB C IlepesioMaMy JIMHHBIX
KOCTeli KOHEYHOCTeli MMEeIT OTIMYHbIE KOHEUHbIe
pes3yabTaThl JieueHUs ¥ BO3BPaIllal0TCS K MOTHOLeH-
HOJ mesaTeNbHOCTH [5]. B muccepranuoHHOM muccieno-
BaHuu E.A. 3axapbsH (KoMIiekcHoOe jeueHne gedop-
Maluii HUKHE KOHEYHOCTU Y JeTel ¢ BPOKAEHHBIM
JIOKHBIM CYyCTaBOM KocTeil roneHu, 2017) gokasaHo,
YTO Y paHee ONEepPUPOBAHHBIX AeTeil C BPOKIEHHbIM
JIOKHBIM cycTaBOM Kocteil roneHu (BJICKT) maxke Ha
dboHe HeltpopubpoMaTosa U MUETOAVCILIASUM, B UIC-
CJielyeMbIX CErMEHTaX He BbISIBIEHO CTaTUCTUUYECKU
3HAYMMBbIX OTKJIOHEHMUI peoBasorpaduieckux rnoka-
3aTesieil Kak OT pacyeTHbIX HOPMATUBOB, TaK U OT CO-
OTBETCTBYIOIIMX IIOKasaTejieli KOHTpajaaTepabHbIX
CEerMEHTOB HIDKHMX KOHeuHocTeit. Ilepudepudeckast
reMoAgMHaMMKa ObUIa CTAaOMIJIbHOM, KaIlMJLISPHBIA
KPOBOTOK He 3aTpyAHEeH, BeHO3HbI/i OTTOK He 3aMe[l-
JIeH, YTO yKa3bIBaeT Ha XOPOIIYI0 aJamTaluio Omop-
HO-IBUTATEJIbHON ¥ LEHTPAJbHOI HEPBHONM CUCTEM
pebeHKa 1OcIe BOCCTAHOBJIEHUSI OIIOPOCIIOCOOHOCTHU
OIEepPUPOBAHHONM KOHEYHOCTU. MI3MeHeHMsT perucTpu-
pOBa/INCh TOJABKO Ha (poHe (PMOPO3HOI AUCIIIA3UMN.
V nanueHToB ¢ KoHconuaypoBaHHbIM BJICKT Ha ¢oHe
buOPO3HOII AUCIUIA3SUM COXPAHSUIUNCh HAPYIIEHUS
KPOBOCHAOKEHMST BCEIi TTOPAXKEHHOI HMKHE KOHeu-
HOCTHU, KOTODble XapaKTepuU30BAINCh TOHMKEHHOM
MUKPOLMPKYJISLMEN IOpaXeHHOW TOJeHU, OLHAKO
OHU ObUTM KOMITEHCHMPOBAHHBIMY, YTO CBUAETENb-
CTBYET O MePCIeKTUBHOCTU BBITIOJHEHMS OTNlepaTUB-
HBIX BMeIaTe/lbCTB, HAMPaBJIE€HHBIX HAa KOPPEKLNIO
medopMaluii M YIOJIMHEHUE IOPAKEHHON HMKHEIA
KOHEUYHOCTU. ABTOPOM J0Ka3aHO, YTO Mpenynpexe-
HMe Pa3BUTUS TaKMUX OCIOKHEHUII, KaK HecpallleHUsI
M TIOBTOpHBbIE pedpaKTypbl, 3aBUCUT OT MHAMUBULY-
aJTbHO TTOA06PAHHOT0, CBOEBPEMEHHO BBITOTHEHHOTO
OTIEPATMBHOTO JIEUEHNS U OUCITaHCEpHOTO Habome-
HUSl. AHaJIOTMYHble JAHHbIE TOSyYeHbl U aBTOpaMu
Ipyrux pabort. TakuM 06pasoM, TOBOPUTH O BasKHOM
BAUSIHUYM HapyIIeHUs] TPOLIeCCOB KPOBOCHAGKEHMS
MIpU NepejioMax y JeTeii MOKHO TOMbKO ITPY HaJTMUUU
TSIKEIO COMYTCTBYIOLIEN MaTOMOTUM U/WUIU TPO3HbBIX
OCJIOKHEHUI, HAIlIpMMep IIPU COYETAHHOM BBICOKO-
SHepreTUYecKoil TpaBMe, KOMIApTMEHT-CUHIPOME,
OKUPEHUU U TIP., YTO 3aKOHOMEPHO [1, 2, 5].

Tak KaKOB PUCK OCIOXKHEHUI MpPU KOHCEPBATUB-
HOM ¥ OTNlepaTUBHOM JieueHUM MepeioMOB IJIMHHBIX
KOCTeN y geTei? 3a>KMBaloT JiX ITepeiOMbI C BHYTPEH-
Heit puKkcaimeit 6pICTpee, YeM IePEIOMBI, JIEUeHHbIE
MMMoGuIM3aiyeit? IlIokasaHo, YTO BHYTPEHHSS (PUK-
caumst rmepesioMoB avadusa 60abIIe6epIIOBOl KOCTY
CO CMellleHMeM Y IeTeii cTaia 60J1ee MOIy/ISIPHO, uemM
paHblie. B nccieqoBanmsx, MpoBeAeHHbIX ¢ 1970-x mo
2000-e rT., BCe 3aKpbIThIEe ITEPEIOMBI JI€UNIN TUIICO-
BOJi MMMOOMIM3aIMe, Torma Kak B HeJaBHUX ITy0-
JIMKAIUSIX 9aCTOTA XUPYPIUUECKOTO JIeueHnsT Koeb-
netcst ot 29 no 100% [4]. Tak, A. Egger ¢ coaBTOpamu
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B 2020 r. moKasaiu, 4TO pe3yJbTaThl ITOCIE YCTAHOBKU
I'MOKMX CTEPSKHEN Ipy IepejioMax 60bIlie6epioBoii
KOCTU y [eTelt MPeBOCXOAHbI, a IJi TPeAyIpekaeHUs
OCJIOXKHEHMIT HEOOXOIMMO CTPOTO COOMIOIATh TEXHO-
JIOTUIO YCTAaHOBJIEHUS JAHHBIX CTEpXKHEeI [2].

B uccnegosanuu J.E. Martus orMedeHO, YTO 6O0Jb-
IIMHCTBO IepeJioMoB nuadusa 6onbliedbeprioBoii
KOCTM Y TMOJPOCTKOB MOXXHO YCITEIHO JIEYUTh C T0-
MOIIBI0 3aKPBITOM PENo3UIMM Y UMMOOUIM3ALIIN
TMIICOBOJ IIOBSI3KOV, OJHAKO 3TOT MeToH, Tpe6yer
PEHTTeHOMIOTMYECKOTO HaOMIomeHMs I MCKITIoUe-
HUSI TIOTEPU Perno3UlUMM B TeueHMe MepBbIX 3 Hep,.
CMeHa rurca MUaM mepexof Ha olepaTuBHOe Jieue-
HMYe MOXeT TMoTpeb6oBaTbcs B 25-40% ciaygaes [1].
®daxkTopbl pyucka He3hPEKTUBHOTO KOHCEPBATUBHOIO
JleueHus He Bcerga MOHSATHbI. OOHAPY)KEHO, YTO ac-
COILMMPOBAHHBIN IIepesioM Majao6epLoBOi KOCTU U
HavaJbHOE CMellleHue IepeaomMa 6osee ueM Ha 20%
MPeCTaB/ISIIOT c060ii He3aBUCUMMbIe (haKTOPhI PUCKA
[IJIS OTIepaTUBHOTO JiIeYeHMS, B TO BpeMS Kak B JPYTUX
paboTax BhICKA3aHO MPEIIIONIOKEHNE, YTO MHTAKTHAS
MayIo6epIioBasi KOCTb MOXKET IMPUBECTM K BapyCHOM
medopmalMy M, COOTBETCTBEHHO, K OIMEpPaTUBHOMY
JledeHu1o [3].

HecrabuiabHble mepenoMbl, He MOAIAIIMECS Jie-
YEHMIO TUIICOBOM IIOBSI3KOM, CJIeAyeT JIEUUTh OIe-
patuBHO. T'MOKMIT MHTpaMemy/IIPHBI CTEPKEHb,
SKeCTKUIT MHTpPaMeny/UISIpDHBIA CTepsKeHb, IIACTUH-
YaTblii ¥ BUHTOBOJ OCTEOCUHTE3 U BHEIIHSIS (pUKCa-
LUMS IBJSIIOTCS IPMEMJIEMbIMM BapMaHTaMu JieueH s,
KOTOpPbIe MOTYT OBITh PACCMOTPEHBI JJISI OTAETbHOTO
MaiMeHTa B 3aBUCUMMOCTM OT KIAMHUYECKOrO Clie-
Hapus. BBegeHue IMOKMX CTEpXKHeEN obecrieumBaer
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This review article focuses on issues of economic analysis in providing care to patients requiring total
hip arthroplasty. A large number of factors affecting the final financial result force us to look at economic
research in the field of arthroplasty with a certain degree of criticality. At the same time, the existing
financing systems cannot fully take into account all the possible costs arising from total hip arthroplasty.
For this reason, studies concerning revision total hip arthroplasty are of particular interest, where treatment
costs can vary significantly depending on the etiology and complexity of the case. These differences are
reflected in the works of authors from France, Germany and Great Britain, who compared the treatment
costs of patients with septic and aseptic revisions. Very different data both between countries and within
the same country well demonstrate the need for a critical approach to the results of cost-effectiveness
studies, QALYs based on Markov and other models, as the quality of the original data can be highly variable
and reproduce the error of the initially incorrect price structure. At the same time, the rapidly increasing
number of operations of primary and revision hip arthroplasty and, accordingly, the increasing economic
costs of these operations require clear and effective economic criteria for their evaluation. The formation
and application of these criteria will be the purpose of further research.
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DKOHOMMKA SHA0NPOTE3MPOBaHUSA Ta306eAPEHHOr0 CyCcTaBa:
0630p nuTepaTtypbl

A.TL. Cepepa -2, .W. lllyousakoB !, A.A. [IkaBamoB !, M.B. MameToB 3, P.M. Tuxmios !

L @I'BY «HayuoHanvHbLii MeOUUYUHCKUTI Ucc1ed08amensCKull yeHmp mpasmarmosiozuul
u opmoneduu um. P.P. Bpedena» Murn3dpasa Poccuu, 2. Cankm-ITemep6ype, Poccus

2 Akademuss nocmouniomHozo 0opasosarus @I'BY «DedepanbHpiii HAYUHO-KAUHUUECKULT UeHmp
Cneyuanu3uposaHHsix U008 MeUYUHCKOL NOMOWU U MeduyuHckux mexnonozuti ®MBA Poccuu,
2. Mockea, Poccus

3 @I'BOY BO «Ilepsbiii Cankm-Ilemepbypeckuli 20cyoapcmeeHHbili
MeduyuHckuli yHusepcumem um. akad. U.I1. ITaenosa», 2. Carkm-Ilemep6ype, Poccus

CraTb4 MMOCBAIIEHAa BOIIPOCaM 3KOHOMMYECKOI0 aHa/Iu3a IIpM OKa3aHUy IIOMOIIM NalMeHTaM, HYK Ao MMMCs
B SHJONIPOTE3UPOBAHMM Ta300epeHHOro cycTaBa. bonblioe KonyecTBo GaKTOPOB, BAMUSIOUIMX HAa KOHEUHBIH
(buHaHCOBBIN pe3ynbTaT, 3aCTaB/ASIOT CMOTPETh Ha SKOHOMMYECKMe MCCIe0BaHMs B 00/IacTy SHIONPOTE3N-
pPOBaHMS C HEKOTOPOI1 moseit KpuTuyHOCTH. [Ipy 3TOM CyIecTByIOIIe CUCTeMbl GMHAHCUPOBAHUS HE MOTYT
B ITOJIHOJt Mepe yJyecTb BCe BO3MOXXHBIE 3aTPaThl, BO3HMKAIOIINME IIPY SHIONPOTE3MPOBaHUM Ta300eIpeHHOTo
cycrasa. [To aToi1 mpuunHe 0co6bIii MHTEPEC IIPeCTaBISIOT UCCAeI0BaHMSI, Kacalouuecs: peBU3MOHHOI apTpo-
MI7IaCTMKY Ta300eIpeHHOTO CYyCTaBa, TP} BBIITOMTHEHMM KOTOPOJL 3aTPaThl Ha JieueHye MOTYT 3HaUMTe/IbHO pa3-
JNYAThCS B 3aBUCUMMOCTHM OT STUOJIOTUM U CIIOXKHOCTHM CTyvast. [laHHble pa3nnuus OTpaskeHbl B paboTax aBTOPOB
n3 ®panuun, lepmanuu 1 Benuko6puTaHum, KOTOpble CPaBHMBAIN 3aTPAThl Ha JieueHNe TAlMeHTOB C CeITH-
YeCKMMMU U acelITUYeCKMMM peBU3UIMU. BecbMa pasnnuarouuecs JaHHble Kak MeXAy CTpaHaMU, TaK U BHYTPU
OIIHOJt CTPaHbI XOPOIIO AEMOHCTPUPYIOT HEOOXOIMMOCTh KPUTUUYECKOTO TIOAX0AA K pe3ynbTaTaM MCCIeoBa-
HMIT COOTHOIIeHMs 3aTpaThl-3PdeKkTuBHOCTH, QALY Ha ocHOBe MapKOBCKUX U IPYTUX MoJeselt, Tak Kak Kaue-
CTBO MICXO[IHBIX JAHHBIX MOKET ObITh BeCbMa BapuabelbHbIM U PelpoaylIMPOBATh OLIMOKY M3HAUYaIbHO HEKOP-
PeKTHOJ CTPYKTYPHI LIeHbl. B TO ke BpeMs CTpeMUTeIbHO YBeIMuMBalolieecs: YucIo oepanuii IepBuyHoro u
PeBU3MOHHOTIO SHAONPOTE3MPOBAHMS CYCTABOB M, COOTBETCTBEHHO, YBeIMUeHe IKOHOMIYeCKIX 3aTpaT Ha UX
MpoBefeHNe TPeOYIOT UeTKUX U TOUHBIX S9KOHOMUYECKUX KPUTepUeB olieHKY. DopMuUpoBaHye U NIpUMeHeHre
IaHHBIX KPUTEPUEB U OyeT SIBSATHCS Lieblo JaTbHeNIINX VCccIeOBaHNiA.

KioueBble C/IoBa: SHAOMPOTE3MPOBaHME Ta300edpPEHHOr0 CYCTaBa, PEeBU3MOHHOE 3HIOIPOTE3VpPOBaHMeE,
9KOHOMMUYECKHUI aHa/In3.
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GENERAL ECONOMIC ISSUES

The issue of economics and financing of arthro-
plasty, of course, is very, if not vital, important
for the hospital and the healthcare system as a
whole. On the other hand, the more we deal with
the issue of economics, the more noticeable the
gap between the quality of research in the field
of arthroplasty itself and its economics becomes.
It would seem that economic research should be
simpler and stricter, and, accordingly, give more
unambiguous results, but in fact, the number of
confounder (distorting) factors in economic re-
search is so large that it is more reasonable to see
the presence of overdue accounts payable of the
hospital as a whole as a final criterion than the
compliance of the tariff with the treatment fi-
nancing cost of one case with real financial costs
per patient.

The sources of this gap are many factors, and
the most significant of them is CAPEX, i.e. capi-
tal expenditure for the acquisition of non—cur-
rent (with a validity period of more than 1 year)
assets, as well as for their modernization. Yes,
the structure of the tariff of high-tech medical
care in the Russian Federation provides for the
costs of purchasing equipment (fixed assets), but
does not provide for the costs of capital repairs,
construction, which, as a rule, are subsidized. A
lot of equipment is purchased at the expense of
other sources of financing, there are indivisible
common overhead costs (taxes, electricity, com-
munications, etc.), which can be very high and
can also be subsidized, preferential (some medi-
cal organizations in our country are exempt from
land tax, but many are not) or be provided with
mixed sources of financing.

The doctor treats the patient directly, and it
is difficult to underestimate the importance of
his salary. But the salaries of doctors and nurses
are not always generated solely from financing
for the case of treatment: there are, for example,
mechanisms such as a subsidy for the payment
of wages to achieve the targets of average wages.

After all, there are specialized and multidis-
ciplinary hospitals in which high overhead costs
and sometimes even direct costs in the treatment
of "unprofitable" complex and high-cost patients/
nosologies can be diversified and "transferred" to
more economically "profitable" patients of other
clinical profiles (therapy, surgery, ENT, etc.).

The number of these confounders is so large
that, again, the real endpoint, perhaps, will be the
financial viability (overdue accounts payable) of
the hospital as a whole. Of course, such a guide-
line is fraught with a trend towards avoiding "ex-
pensive" patients: that is why there is a very high
risk of stagnation and primitivization of the clin-
ical development of the hospital if economists or
managers get a dominant role in administration.
In the end, such stagnation leads to profession-
al degradation of medical personnel, increased
risks, complications and a paradoxical increase in
the cost of treating these complications, contrary
to the initial goal of "saving".

The situation of a very approximate calcula-
tion of the treatment cost is typical not only for
our country, otherwise we would not have seen
numerous reports in the news feeds about the
crisis of financing the health care system in many
countries.

Nevertheless, the financing of a specific case
of a patient's treatment can go according to two
basic schemes. The first is the average rate of one
case within the model or statistical group. The
advantage of this approach is a simpler reporting
system, the treatment of an "expensive" patient
is compensated by more "cheap" ones within the
same tariff. However, the more complex patients
the hospital takes on, the greater the deviation
from the average. For example, at the RSRI of TO
named after R.R. Vreden in 2021. according to var-
ious sources of funding (not only under the high-
tech medical care program) revision arthroplasty
surgeries were performed. The spread of direct
medical costs (excluding CAPEX, overhead costs,
part of direct OPEX (operating expenses for the
possibility of providing services), wages, house-
hold expenses for accommodation, patient meals,
etc.) ranged from P5.307.82 to P5.590.042.27, i.e.
the cheapest revision differed from the most ex-
pensive by more than a hundred times!

The fundamental disadvantage of such pricing
is retrospectivity, which means the formation of an
average tariff based on previously treated "similar”
patients [1] with the corresponding risk of lagging
behind the real market situation and changing
clinical recommendations. In our country, there
is the following system of cost justification: clini-
cal approbation — high-tech medical care (HMC)
— medical and economic standards (MES) — man-
datory health insurance (MHI) through MES or
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clinical recommendation — MES — MHI tariff. It
would seem that such a system should avoid this
retrospectivity, but the duration of the journey
from the first link to the final one is years, and still
we have the risk of lagging tariffs.

The second basic scheme of financing is the
reimbursement of real costs in a single case. In
our country, such a scheme is slightly more de-
veloped in the case of fee-paying surgery, but the
tariff for a particular medical service in the price
list is also based on average indicators, which,
with a detailed analysis of the passport of the
service cost, can be very inaccurate.

In the countries of the European Union, a
few years ago, a system of reimbursement at ac-
tual cost was introduced — the so-called “lump
sum reimbursements”, which actually led to an
increase in financial pressure on hospitals as a
whole [2]. Initially, the good idea of "how much
we spent — so much we will pay" in practice only
leads to an aggravation of the conflict between
economists and doctors, since this principle in-
variably entails the need to justify the tariff
structure of a particular service with a corre-
sponding catastrophic increase in reporting. It
should be stated that the further, the more in its
development Russia follows the path of European
countries with the repetition of similar mistakes
and the generation of similar bureaucratic enti-
ties that do not affect the result. For example, R.
Fernandez-Fernandez et al., note that with the
introduction of the “lump sum reimbursements”
system, the number of hospital controllers that
calculate the cost of surgery, care, diagnostics
has increased [2]. At the same time, in fact, the
principle of "how much we spent, so much we will
pay for it" does not always work to its final slo-
gan: if the patient's treatment turned out to be
cheaper than average, then the hospital becomes
more marginal, and if it is more expensive, then
often such a patient remains unprofitable for the
hospital without appropriate compensation [3].

A similar financial pressure exists in "budget
financing" countries, that is, without a one-time
cost recovery system: in these countries, hos-
pitals usually annually coordinate their budg-
ets with a higher health authority and a certain
number of patients or procedures for treatment
within this budget and period [4, 5]. At the same
time, subsidies are possible to ensure the finan-
cial stability of the institution both from the
government, the health management authority,

local municipalities or even political parties that
increase the loyalty of the electorate [6].

All these numerous confounder factors make
us look at economic research in the field of ar-
throplasty with a certain degree of criticality, but
nevertheless, of course, we will focus on some of
them.

In general, primary arthroplasty is economi-
cally advantageous for most hospitals, which is
confirmed by a kind of "hunt" of hospital market-
ing services for such patients [3, 5, 7].

The economic feasibility of organizing an ar-
throplasty center, however, should be evaluated
in the context of the total number of operations:
taking into account the risk of periprosthetic
joint infection (PJI) and other reasons for revi-
sion [8, 9], according to probability theory, sev-
eral "expensive" patients may appear in a hos-
pital performing a small number of operations,
which will either destroy the hospital's economy,
or they will force the doctor to send the patient
to a larger institution. The latter tactic is often
found in our country, which was demonstrated
by a high proportion of revisions regarding the
PJIin the local register [10]. The concentration of
patients with PJI in a specialized place, for exam-
ple, in a federal center for the treatment of PJI,
will require a revision of tariffs, since the princi-
ple of compensating an "expensive" patient with
a "cheap" one will no longer be possible.

In systems where the hospital performs all the
revisions after its primary operations in a suffi-
ciently large number, the economy is balanced
due to the generally low proportion of these
complications [6].

The system of the average tariff already men-
tioned above within the framework of the basic or
superbasic program of high-tech care or the MHI
tariff within the statistical group (SG) echoes the
European system of grouped diagnoses (diagno-
sis-related groups — DRG), in which patients of
similar severity and diagnosis are grouped within
approximately similar filling expenditures and
costs [4]. For most cases, the SG/DRG principle
works well, but the desire to revise these groups
has the risk of overdetalization with correspond-
ing bureaucratic risks.

In the vast majority of cases, publications re-
port higher costs for the treatment of patients
with PJI, which creates the temptation to allocate
additional more detailed funding groups. In our
opinion, despite the well-known disadvantages
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of "expensive" patients unprofitability in terms
of SG/DRG financing [11], the desire of some au-
thors to over-detail groups [8, 9] should be treat-
ed very carefully.

For example, in European countries, as well as
in our country, aseptic and septic revisions are
combined within one DRG. The cost of aseptic
revision, as well as septic, can be very different.
According to our data, the differences can exceed
a hundred times, and the end point is the finan-
cial stability of the hospital as a whole.

ECONOMICS OF REVISION
TOTAL HIP ARTHROPLASTY

In the case of primary arthroplasty, the cost of ex-
penditures is mainly due to the costs of the op-
erating room itself, implants, consumables, and is
quite static [12]. But in the case of the develop-
ment of concomitant pathological conditions and
PJ1, the cost structure changes significantly [13].

Among the publications on the economics of
revision arthroplasty, most of them focus on P]JI
in comparison with aseptic revisions, therefore,
the purpose of this review was to describe the
economic support of revision arthroplasty sur-
gery in the format of comparing the cost of asep-
tic and septic revisions.

Sufficiently detailed data on the expenditures
structure of patients with PJI treatment in France,
Germany and the UK have been published [7, 14,
15, 16].

France

In France, the average cost of treating a patient
with PJI after total hip arthroplasty is €23.757,
and aseptic revision is €12.049. The maximum
expenditures recovery in this case is €14.062 for
aseptic revision and €15.081 for PJI [15]. Thus,
the average patient with aseptic revision is bene-
ficial for the hospital's economy, and the average
patient with PJI is unprofitable.

The most significant component in the struc-
ture of expenditures for patient with PJI treat-
ment in France is staff costs, which are directly
related to the duration of inpatient treatment
[15]. Other important aspects of expenditures
are the costs of surgery, medical supplies, and
general expenses for non-medical services. It is
noteworthy that the expenditures of implants
and surgery are lower in septic revision than in
aseptic revision, while all other areas of expen-
ditures increase significantly in the treatment of
PJI (Tab. 1).

Germany

The economics of revision arthroplasty in
Germany is described in three publications. G.
Assmann et al. report expenditures of $14.379
for septic revision and $5.487 for aseptic revision
[17]. M. Haenle et al. estimate the expenditures
of septic revision at €29.322 [7, 14], and E. Lieb
et al. report expenditures of €220.166 for septic
revision [11] (Tab. 2).

Table 1
The structure of revisions and P]I treatment expenditures in France [17]
Expenditures Aseptic revisions Septic revisions Expenditures difference, %

Staff €2210 €9948 +450.1
Consumables €146 €2742 +1878.1
Endoprosthesis €2047 €1862 -9.0
Indirect depreciation €23 €39 +169.6
Operating room + anesthesia €3079 €2900 -5.8
Physical therapy €244 €388 +159.0
Diagnostics (radiology, laboratory) €404 €1019 +252.2
Drugs €245 €706 +288.2
General expenses €850 €3594 +422.8
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Table 2

Expenditures and tariffs for revisions in Germany

Expenditures

and compensations Aseptic revision [19]

Septic revision [19]

Septic revision [7] Septic revision [13]

Average expenditures $5487

Average tariff
(compensation)

Reimbursement of
expenditures with -
compensation, %

$14379

€29322 €20 166
€16 645 €21580
56.7 107.0

It can be noted that the cost of expenditures in
Germany is not only very different from the costs
in France, but these expenditures differ from
each other.

G.Assmann et al. used the analysis of fixed and
variable expenditures obtained through the hos-
pital's business administration [17]. M. Haenel et
al. [7, 14] used bottom-up expenditures analysis,
and E. Lieb et al. [11] used matrix calculation.

The United Kingdom

I.S. Vanhegan et al. report that the average cost of
a septic revision is £21.937, and an aseptic revision
is £11.897 (Tab. 3) [16]. The calculation of expen-
ditures recovery for hospitals in the UK is more
complicated than in the countries of the European

Union, and includes a combination of a tariff for
treatment and additional funding, which is some-
what analogous to subsidized financing in our
country. The compensation is fixed and the same
for both septic and aseptic revisions and amounts
to £8.152, respectively, both types of revisions
are unprofitable for the hospital. After additional
funding, septic revisions still remain unprofitable
for the hospital, but in a smaller amount — the
loss is reduced to £860 per case [16].

Drug expenditures make the highest contribu-
tion to the relative structural increase in the cost
of septic revision compared to aseptic (427%).
This is followed by diagnostic expenses (288.9%),
other expenses (197.6%) and hospital stay ex-
penses (184.4%) Tab. 4).

Table 3

Expenditures and tariffs for revisions in the United Kingdom [18]

Expenditures and compensations

Aseptic revision

Septic revision Difference, %

Average expenditures £11897
Maximum compensation £8152
Reimbursement of expenditures with 68.5

maximum compensation, %

£21937 +184.4
£8152 +0
37.1 -31.4

Table 4
The structure of revisions expenditures in the United Kingdom [18]
Expenditures Aseptic revisions Septic revisions Difference, %
Inpatient accomodation £3688 £6 800 +184.4
Diagnostics £342 £988 +288.9
Drugs £200 £854 +427.0
Implants £2298 £3345 +145.6
Operating room £1216 £1744 +143.4
Other costs £4153 £8 206 +197.6
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THE MAIN FACTORS THAT INCREASE
THE COST OF TREATMENT

One of the most significant contributions to the
increase in the cost of treatment of a patient with
PJIin comparison with aseptic revision is the cost
of antibiotic therapy[7, 15]. The cost of antibiotics
can be different and is determined by the patho-
gen, their association, resistance. S. Klouche
et al. report a range of the antibiotic therapy cost
from €77 to €336 [15].

In the case of a difficult-to-treat (DTT) infection,
the costs may be even higher. According to the data
of the RSRI of TO named after R.R. Vreden , which
has a specialized department for the treatment of
PJI, where patients from all over the country are
treated, the maximum non-surgical costs, includ-
ing medicines in the case of DTT infection, in 2021
reached P551.442.27 in one patient. In another 141
patients with PJI treated in 2021, non-surgical ex-
penses exceeded the outlined S. Klouche et al. of
€336 maximum [15] (P28.244 at the exchange rate
of the Central Bank of the Russian Federation on
December 31, 2021) and averaged

P61.683.84 (i.e. €734 at the exchange rate of
the Central Bank of the Russian Federation as of
December 31, 2021). Probably, such a significant
increase in the cost of treatment at the RSRI of
TO named after R.R. Vreden in comparison with
French clinics is due to more complex cases, a
greater proportion of patients with chronic and
DTT infection, which is due to suboptimal routing.

According to M. Haenle et al., the cost of an-
tibiotics varies from €5 for primary arthroplasty
to €600 for PJI [7], which, however, is still less
than similar costs in the RSRI of TO named after
R.R. Vreden.

The analysis of the antibiotic therapy costs
performed by R. Fernandez-Ferndndez et al.
shows a spread from €184 in the case of cipro-
floxacin therapy of fluoroquinolone-sensitive
strains of Enterobacteriaceae to €13.167 in the
case of daptomycin therapy of penicillin-re-
sistant Enterococcus spp. [2].

A special area of expenditure is resuscitation/in-
tensive care. The day cost of treatment in the inten-
sive care unit reaches €2.000 in the case of PJI [18]
and in total it can reach €5.395 in the treatment
of PJI [7, 14]. In 2021, the maximum expenses for a
patient with PJI in the intensive care unit reached
P321.687.64 (€3.826 at the rate of the Central Bank
of the Russian Federation on December 31, 2021).

In any case, a patient with PJI requires addition-
al expenses for laboratory diagnostics, radiological
methods of diagnostics, perioperative manage-
ment, long-term stay, etc. [7, 14, 15, 16, 18].

Very different data both between countries and
within one country well demonstrate the need for
a critical approach to the results of cost-effective-
ness, QALY studies based on Markov and other
models, since the quality of the initial data can be
very variable and reproduce the error of an initial-
ly incorrect price structure. At the same time, the
rapidly increasing number of primary and revision
arthroplasties and, accordingly, the increase in the
economic costs of these types of surgery requires
clear and effective economic criteria for their eval-
uation, which will be the goal of further research.
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CoBpeMeHHOe cocTosiHWE NPoG/ieMbl 1Ie4EHUA NOBPEXAEHNN
TMna mallet finger”: 0630p nuTepartypbl

10.C. BonkoBa, JI.A. PomomaHoBa

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

Beedenue. YacTo HeMmpaBMIbHO BhIGPAHHAS TAaKTHKA JedeHus ‘mallet finger” cTaHOBUTCS IPUUMHOI BHIPAKEHHOIA
IucHYHKUMM Maiblia, IPUBOASIIEH K CHYSKEHUIO JIOBKOCTH, CUJIbl CXBATa KUCTU M YMEHbBIIEHUIO CIIOCOOHOCTM BBITION-
HATb MeJIKMe MaHunyasiun. KpoMe Toro, octaTouHas gedopmaius raablia MOKET CYIleCTBEHHO CHIKATh 9CTETUUECKYIO
YIOBJAETBOPEHHOCTD MAIMEeHTa. AKTYaJIbHOCTh IIPOOIEeMbI JAHHOTO TUIIA TPaBM 00YC/IOBIeHa TPEMMYIeCTBeHHO OTCYT-
CTBMEM eIMHOTO aJrOPUTMa BbI6OPA TAKTUKM JIeUeHMSI U, Kak Cle[ICTBME, BLICOKMM IIPOLIEHTOM HeyIOBIeTBOPUTEIbHBIX
KJIMHUYECKUX Pe3yIbTaTOB.

Ilens 0630pa — Ha OCHOBaHMM aHAIN3a JIUTEPATYPHI OLIEHUTh COBPEMEHHOE COCTOsIHME TIPo6ieMbl U 3P deKTUBHOCTh
IIPe/IJIOKeHHBIX METOIMK JleueHus “mallet finger”.

Pesynomamst. OTCyTCTBME €IUHOTO TIPOTOKO/A TedeHus “mallet finger” ocrapisieT OTKpBITHIM BONPOC BHIGOPA OINTH-
MaJIbHO TaKTUKMU. BapnabelbHOCTb BUIOB JIeUueHMsI ¥ TOKa3aHMi K UX IPUMeHEHUIO BBIHYKIAIOT CIIeYaIMCTOB ONTMPAThCSI
Ha COOCTBEHHBDI OTIBIT ITPY OTNpeAeIeHUM TAKTUKY B K&KAOM KIMHMYECKOM cydae. [IpoomsKaTcs TOUCKY ONITUMAIbHOTO
BMJIA LIBA U CIIOCOO0B MMMOOMIM3AIMY MIPU 3aKPbITOM MOBpPekIeHUM B 1 30He s yaydlIeHUs] KIMHUYEeCKUX pPe3yibTa-
TOB ¥ MUHMMM3ALUYU PUCKA MTOTEHI[MATbHBIX OCTOKHeHU . [IpennoxkeHHble MOaMMUKALIMM GTOKMPYIOLIETO OCTEOCHHTE3a
MMEIOT CBOJ CIIEKTP MPeMMYIIECTB, ONHAKO TPeOYIOT UCCIeIOBaHMII Ha GOJblIelt BIOOPKe MMalyeHTOB sl TIOATBePsKIe-
Hus 3G dekTUBHOCTY. PasnnuHble BHyTpeHHME PUKCATOPBI, TO3BOJSIONIME JOCTUYb aHATOMUYHOM PEO3ULIUM, HYXKIAIOTCSI
B NPOBeAEeHUN INOTIOJHUTEIbHBIX UCCIeN0BaHUIT BBUAY BBHICOKOTO PUCKA OCIOXKHEHMII M HEeJOCTATOYHON CTaGMIbHOCTU
uxcanyu. ITomyueHHBIX TaHHBIX HEIOCTATOUHO /11 IPUHSTHSI 000CHOBAHHOTO pellleHMsI 110 BEIOOPY ONTUMAIbHOI MeTO-
Iuku. Hapsimy ¢ BBICOKMM ITPOLIEHTOM OC/IOSKHEHMIt 3TU (HaKTOPbl 3HAUUTETbHO YXYAIIaloT GYHKLIMOHAIbHbIE PE3YabTaThl
JIeueHmusl.

3axoueHue. B pesynbTaTe aHa/IM3a IUTEPATYPHI ITOTyYeHbl KpaitHe TPOTUBOpeUYNBLbIe JaHHbIe. BLICOKMIT TPOLIEHT He-
YIOBJIETBOPUTENbHBIX MCXOLOB M OCIOXKHEHMI, OTCYTCTBME eOUHOTO aJITOPUTMa BbIOOpa CrIocoba JieueHusl, a Takke Mpo-
TUBOPEUMBOCTh UMEIOLIENCS B IUTEpaType MH(GOPMALIMU CBUIETEIbCTBYIOT O HEpEeIleHHol mpobaeMe nedenus “mallet
finger”, koTopasi TpebyeT Mmoucka palMoHaIbHOM MEeTOLUKY C UCKIIOUeHMEM CYIIeCTBYIOMINX HeJOCTATKOB.

KiroueBsle c10Ba: MOIOTKOOGpa3Hast Aedopmaliyist, MOJIOTKOOGPa3HbIi Tael], MOLAKOKHbI PaspbiB CYXOXKMIINSL, CyX0-
SKUMsE pasrubaresnieit maablieB KUCTH, JUCTATbHbIA Mesk(danmaHTOBbI CyCTaB.
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Management of Mallet Finger: Current Status (Review)

Yulia S. Volkova, Liubov A. Rodomanova

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

Background. Often, an incorrect treatment tactic injuries of the “mallet finger” can cause a pronounced dysfunction
of the finger. In addition, remaining finger deformation can significantly reduce the aesthetic satisfaction of the patient.
The relevance of the problem of this injury type can be mainly explained by the lack of a unified algorithm for choosing
treatment tactics, and, as a result, a high percentage of unsatisfactory clinical results.

Review purpose — to assess the current state of the problem and the effectiveness of the proposed methods of treatment
of “mallet finger” based on the analysis of the literature

Results. The lack of a single protocol for the treatment of “mallet finger” leaves the question of choosing the optimal
tactics open. The variability of interventions and indications for their implementation force specialists to rely on their
own empirical experience when determining tactics in each clinical case. The search continues for the optimal type of
suture and methods of immobilization with a closed injury in the Zone I to improve clinical results and minimize the risk
of potential complications. The proposed modifications of blocked osteosynthesis have their own advantages, however,
they require future studies on a larger cohort of patients to confirm their effectiveness. Various internal implants that
allow to achieve anatomical reposition require additional studies due to the high risk of complications and insufficient
stability of fixation. The obtained data are not enough to make a reasonable decision on the choice of the optimal method
of treating the pathology in question. Along with a high percentage of complications, these factors significantly worsen
the functional outcomes of treatment.

Conclusion. Literature analysis shows that there is an active search for new surgical methods for the treatment of mallet
finger injuries among both Russian and foreign specialists. The data obtained are not enough to make a reasonable decision
on the choice of the optimal method of treating the pathology in question, since the results of the studies carried out are
rather contradictory or require verification. This determines the need to improve treatment concepts with the elimination
of existing shortcomings in order to create a well-founded algorithm for choosing a rational technique.

Keywords: mallet finger, extensor tendon injury, mallet fracture, baseball finger, rupture of the extensor tendon,
DIP jont, soft tissue mallet finger, bony mallet finger.
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BBEJEHUE

HecMOTpsSI Ha MHOTOJIETHIOI MCTOPUIO, CO3AaHE
palMOHAJIbHOTO aAropMTMa BBIOOpPA TAKTUKU JIe-
yeHus NoBpexzeHuil Tuna “mallet finger” Bce ere
OCTaeTCs aKTyaJIbHOJ IP0o6IeMOoii COBpEMEHHOI KHC-
TeBO xupypruu [1, 2, 3]. [Ipu Kaxyuieincss npocrore
JIaHHOJ TATOJIOTUY U JIETKOCTU AMArHOCTUKU He Cy-
IIeCTBYeT OOLIENPUHSATOrO IPOTOKONIA, IMO3BOJISIO-
mero chopMyIMPOBaTh NMOKA3aHMS K ONpemeIeHHO’
TaKTUKe B 3aBUCUMMOCTM OT THUIla INOBpexaeHus [3].
B CBSI3U C 3TUM JieyeHMe ONHOTO M TOTO K€ TuIa
“mallet finger” yacTto omiM4aeTcs y pasHbIX CIIEL-
aJIICTOB, @ TPEAJIOKEHHbIE HA CETONHSIIHMII JeHb
METOAMKM OCTAIOTCS CIIOPHBIMM U He TI03BOJISIIOT [0-
CTUTHYTh ONTUMAJbHBIX KIMHUUECKUX DPE3Y/TbTaTOB
[4, 5]. B mocnenHue rombl OTMEYAEeTCS TeHIEHLIVS
K pa3paboTKe HOBBIX ONEPATMBHBIX METOOMK U YCO-
BEPIIEHCTBOBAHUIO YKe CYLIeCTBYIOUIMX, OIHAaKO
66npIIas yacTh IMyGaMKALUil penCcTaBieHa cepueit
Hab/MofmeHnit ¢ HebONMbIION BHIOOPKO MMAIMEHTOB
WV €OUHUYHBIMY KIMHUYECKMMU CIy4assMy C OIMN-
caHueM MeTOAVKMU, Tpebyroiieii Bepudbukanmm. Ipu
5TOM pe3y/bTaThl TAKMX HAOMIOEeHMIT TOBOIBHO MPO-
TUBOPEUMBBI U COTIPSIKEHBI C BHICOKMM ITPOLEHTOM
MOCJIEOTIEPAIIMIOHHBIX  OCTIOKHEHU. COBOKYITHOCTD
repeuyncieHHbIx (HakTopoB GOPMUPYET 3aMKHYTBIN
KPYT, YUIOKHSIOMINIT IPUHSITHE PeIleHns] TPy BbI6O-
pe JieueGHO TAKTUKU.

Ilens uccnedosanuss — Ha OCHOBaHMM aHaIM3a 3a-
PYOGEKHOM ¥ OTEUeCTBEHHO! JUTEPaTypbl OIEHUTD
coBpeMeHHOe cocTosiHue mpobimembl “mallet finger”
1 3 PEKTUBHOCTD PEIJIOKEHHBIX METOAMK JIEUEH NS,

AnaTromuueckye CI0KHOCTHU

BOCCTAaHOBJICHUS Pa3rubaTe/IbHOrO anmnapara

Ha YPOBHE JUCTAJIbHOr0 Mesk¢araHroBoro

cycTrasa

BoccTraHOB/IEHME I1€JIOCTHOCTYM PasrmOaTebHOTO
afmapara Ha YpoBHe AMCTaJbHOTO MekdasaHTOBO-
ro cycraBa (JM®C) sBasieTcsi CJIOKHOBBITIOTHUMOM
3a7aveil B CBSI3M C €0 aHATOMMUYECKMMM OCOOGEH-
HOCTSIMM. Mastasi TOMMHA, paciiacTaHHOCTh U, Kak
CJIeICTBME, BBICOKAsI CTeNeHb Pa3BOJIOKHEHUS KOH-
IIOB MOBPEKIEHHOTO CYXOXWINS SIBJSIIOTCS TPUYU-
HOJ MeHbIIeil MPOYHOCTU HAKIaAbIBA€MOTO IIBA U
dbopmupylomierocsi py6IioBoro pereHepara, 4Tto Mpu
HapyleHUM peKOMEeHAOBAHHOTO peXuMa MOXKeT
BBbI3BaTh peuuauB gedopmanuu [6, 7, 8]. B paborax,
MTOCBSIIIEHHBIX 0COGEHHOCTSIM KPOBOCHAGKEHMST pas-
rnbaTeIbHOTO ammapara, CaejiaH BbIBOA, 0 meduiinTte
KPOBOCHAOKeHUS CyXoskwiust B 30He [IM®C, Tak Kak
OCHOBHOI COCYAUCTBIN MY4YOK MPOXOAUT Ha 11 mMm
npokcumainbHee [9, 10, 11, 12]. BozpacTHble 0co6eH-
HOCTM KPOBOCHAOKEHUS CYXOXKWINIA O06YCTIOBIEHBI
60raToii CeThbI0 MUKPOLMPKYISITOPHOTO pyc/ia B JIEeT-
CKOM Bo3pacTe. B nipoiiecce pocta, mo Mepe yIioTHe-
HMSI MEXKJIETOUHOTO BeIllecTBa, KOJINMYeCTBO KaIul-

JISPOB YMEHbIIAeTCsl, U UX OpUEeHTalMs COBIafaeT
C HampaBjieHMeM ITyYKOB KOJIJIaT€HOBBIX BOJOKOH.
ITo 3TO¥ NpMYMHe JeyeHNe TpaBM CYXOXWINIA Y Je-
Teit s deKkTUBHEE, YeM Y B3POC/bIX [9]. DaKT OTHOCK-
TeJIbHO CKYJTHOTO KPOBOCHAOXKEeHMSI pa3r1MOaTe/IbHOTO
arnnaparta Ha ypoBHe JM®C MOXeT MMeTb 3HaUEeHME
B sTnosoruy “mallet finger”, a Takke BAMATH Ha pe-
reHepaTOPHbI MOTeHIMad U BPEMSI BOCCTAHOBJIE-
HU cyxoxuims [9, 12, 13]. B ¢Bs13u ¢ mepeumcieHHbI-
MM OCOGEHHOCTSIMM M C1ab0 PasBUTONM MOIKOKHOI
SKMPOBOJM KJIETYaTKOM IO TBUJIbHOM IOBEPXHOCTU
IOM®C OTKpBITbIE TEXHUKM BOCCTaHOBJAeHs “mallet
finger” oka3bIBalOTCSI BHICOKOTPAaBMAaTUUYHBIMU (00-
Ha)KeHMe CYyXOKUJIUS Ha MPOTSDKeHUM [Jis IIpoBefe-
HUSI HATU WIM OTKPBITON PENo3ULIMM) U CBSI3aHBI
C BBICOKMM PUCKOM Pa3BUTUS OCJIIOKHEHUII [6, 7, 14].
I[ToMMMO aHaTOMMUYECKMUX OCODEHHOCTel, Hemdo-
CTaTOYHas AJIMHA OUCTATbHON KYAbTU CYXOXKMJIMS,
a Takke BBICOKas CTerneHb medbopMalum 1 yrkopoue-
HUSI CYXOXMUAUSI MPU BBITTOMHEHUM TPaIULIMOHHBIX
IIBOB Takke 3HAUYMTE/NbHO OrPaHMUYMBAIOT ITOKa3a-
HMS K UX BBITIOJIHEHUIO [6, 7].

PacmpocTpaHeHHOCTH

HecMoTpss Ha BBICOKYIO paclpoOCTpPaHEHHOCTb
MMOBPEXAEHUIN CYXOKWINIT BEPXHUX KOHEUYHOCTEI,
MMeeTCs Majo JaHHBIX O BCTPEYaeMOCTM IaTojIo-
ruu Tumna “mallet finger” [15, 16, 17]. CoracHo gaH-
HbeiM R.A. Clayton c coaBTOpamu, pacHpoCTpaHeH-
HocTh “mallet finger” cpemyu B3poCIOro HaceleHus
B CIIIA cocraBiser 9,3% mo ganHbiM 2008 1., 3aHU-
Masi YeTBEpPTOE MeCTO I10 YaCTOTe BCTPeUaeMOCTH T0-
BPEXIEHNI MITKUX TKaHel M0ocie MEHUCKOB, CBSI30K
aKpOMMUAIbHO-K/TIOUMYHOTO COWIEHEeHUSI U axXUJIoBa
cyxoxxmus [18].

CTaTUCTUYECKM 3HAYMMBIX Da3InMyuii B 4acTOTe
noBpexgernii Tuna “mallet finger” cpeny My>kuuH u
>keHIIMH HeT. OgHaKo y KeHUIMH paccMaTpuBaemast
nmedopmaius daie SBASETCS pPe3ylbTaTOM JiereHe-
paTMBHBIX M3MEHEHMII U TIPOSIBSIETCS B BO3pacTe
48-50 51eT BCIeACTBME HE3HAUMTEIbLHOIO MeXaHuue-
ckoro BosgerictBus [17, 18]. V MyXuMH naHHas Je-
dbopmanus, Kak MpaBUIO, BOSHUKAET B pe3ybTaTe
TPaBMBbl, TOJTYYEHHO! BO BpeMS 3aHSITUI CIIOPTOM,
B Bo3pacte 20-50 yer (cpemumit Bo3pact — 39,9 jer)
[18,19].

Knnamnueckast KapTHa M AMMarHOCTUKa

IuarHoctuka csexero “mallet finger” orHOCH-
TeJIbHO MPOCTa ¥ OCHOBBIBAETCSI Ha TUITMYHBIX JKaJI0-
6ax malyMeHTOB, KOTOPbIE BKIIIOUAIOT 60Jb, OTEK, MO-
JIOTKOOOpasHy aedopManuio u 1eUIUT aKTUBHOTO
pasrubaHmst HOI'TEBOI (ajaHry pasaMyHONM CTEIeHU
BbIPaKeHHOCTH. [IJIsI TIOATBEPKAEHUSI M OLIEHKM I10-
TeHIMAJbHOTO KOCTHOTO WJIM CYyXOKM/IbHOro “mallet
finger” O0OBIUHO BBITIOJNHSETCS pPeEHTreHorpadus
B MIPSIMOI M CTPOTrO OGOKOBOJ IMPOEKUMSIX. BOKOBbIE
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MPOEKLUUM AeMOHCTPUPYIOT Hajiuuue OTPHIBHOTO
TriepesioMa OCHOBaHMS HOT'TeBO (paylaHTy WU TTOBbI-
BMXa, KOTOPbIE B 3HAUUTEIbHON Mepe MOTYT MOBIAUSITh
Ha TaKTUKY BbiOopa seuenns [20, 21, 22, 23, 24].
[laHHbIe JUTEpaTypbl O APYIMX MeTOoHax Bu3ya-
msauum “mallet finger” moBonbHO CKygHble. B He-
KOTOPBIX UCCAeNOBaHUIX [JII AUArHOCTUKUA OCTPOTO
“mallet finger” ucnonb3osanu Y31 u MPT [25, 26, 27,
28, 29]. ABTOpPBI COOGIIVINM, YTO BbICOKOYACTOTHOE
V3U 1o3BoSIeT OLEHUTb (PYHKIINIO CYyXOXWIUS pas-
rubaTessi B peXuMe peajbHOro BpeMeHu, nudde-
pPEeHLIMPOBAaTh MCTMHHBINA U JOKHbIA “mallet finger”
(Hanpumep, OpU peBMATOMIHOM M IiCOpUaTuye-
CKOM apTpuTe), OLlEHUTDb TOJO0KeHME MPOKCUMaJIb-
HO KyJIbTY TTOBPEXIEHHOTO CYXOXUUS (TI0 OIBITY
aBTOpPOB ee cMelleHue Ha 4 MM u 6osee ot JIM®C
yMeHbIIaeT ycIlieX KOHCePBATUBHOTO JIeYeHUs) U Ta-
KMM 06pa3oM OIpenenuTbCs C ONITUMAaIbHOM TaKTHU-
Kot neuenus [26]. Y3U sBnsercsa 6omee 6bICTPBIM U
IOCTYITHBIM METOAOM CKpUHMHTA B cpaBHeHUM ¢ MPT,
KOTOpO€e BBUIY CBOEi TOPOTOBM3HBI ITPAKTUYECKU He
MPUMEHSeTCS PY JaHHOM THIIe ToBpexxaeHusi. Kpome
TOro, Y3U m03BOJISIeT OLEHUTDb TOMIINHY CYXOKUIbHO-
ro pyOIIOBOTO pereHepara B IPOIECCE JIEUeHMs], YTO
TaKoKe SIBJSIETCS BaKHBIM acCIeKTOM B IOC/IeAYIOIIeM
Habmomeruu [25, 26, 27, 28]. Ilpu Tom, uro MPT u
V3U BbICOKOMH(OPMAaTUBHbI, X BBITIOJIHEHME B 6OJIb-
IIMHCTBE OTHeJeHNUII HEOTIOKHOI ITOMOILM JOBOJbHO
3aTPYIHUTENbHO, B TO BpeMsl KakK BBITIOTHEHME CTaH-
JIapTHOTO PEHTTeHOBCKOTO MCCAef0BaHUS OOCTYITHO
KPYITIOCYTOYHO U BBITIONHSIETCSI PYTUHHO [24, 26].

Knaccudmranum

B Hacrosimee BpeMsi CYIIECTBYET HECKOJIBKO
kinaccudurauuii  “mallet finger”. Kmaccnduxauym
Wehbe -Schneider [30] u Tubiana [31] ommceiBa-
10T TUITbI TIOBPEKAEHUS B 3aBUCUMOCTU OT HATINUMS
WM OTCYTCTBUSI TOABBIBMXA C COITYTCTBYIOIIEN He-
CTaGMIBHOCTBIO M pasMepa KOCTHOro ¢parMeHTa
¢ mofpasjesieHyeM Ha MOATUIIBI IO CTEIIeHU BOBJIe-
YeHHOCTM CycTaBa. [JJaHHbIe KiaaccupURaImm UCKITIO-
YAIOT OTKPBITHIE TIOBPEKAEHMS M Pa3pbIBbI CYXOXKU-
nus Ha mpoTtsokeHuu (soft tissue mallet finger), uTo
OTPaHNYMBAET MOKA3aHMS K UX TPUMEHEHUIO.

Hamnbonee vacro BBUAY CBOEJi YHUBEPCAIbHOCTU
ucnoab3yetrcs: Kinaccuburanus J.R. Doyle, koTopast
ONMCBHIBAET IIECTh TUIIOB TOBPEXAEHUI C YIETOM
aHATOMUYECKOTO DACIIONOKEHMUST JMHUM TIepeioMa,
pa3Mepa KOCTHOTO (hparMeHTa ¥ HaJIMUusI IO BbIBMXA
B CyCTaBe, a TaKKe BKIKUAeT CYXOXKMIbHBIN “mallet
finger” u OTKpBIThIE MOBPEXKIEHMS] PA3IMUHOIO Xa-
paxrepa [32].

B mocremHme rompl HAOGMIOHAETCS TeHIEHIMS
K CO3[IaHMIO HOBBIX KIaccuduKaiuii u MoguduKaumm
yKe cymecTByionux. B 2016 r. 6p1a mpeajioskeHa Mo-
IuduimpoBaHHas Kiaccubukanyus Tubiana, ocHo-
BaHHAs IIPEMMYIIECTBEHHO HA HAMYMM TIOABBIBMXA

IUCTATBbHOTO MeX()aJaHTOBOTO CyCTaBa M BO3MOXK-
HOCTU er0 KOHCePBAaTMBHOTO ycTpaHeHus [23]. HoBbIl
MeToq, KinaccuduKaimMy, YIUThIBAIONINI CTelleHb BO-
BJIEUEHHOCTY CYCTaBHOJ MOBEPXHOCTHU, TOMIINHY OT-
pBIBHOTO (hparMeHTa ¥ BpeMs, IMpOIIeliee IMOcIe
TpaBMbl, npenyioxuan B 2020 r. Y. Yang ¢ coaBTOpamu
[33]. Knaccudmkanmio nmoasbiBuxoB B JM®C B 2017 1.
paspa6otanu J.0. Yoon c coaBTOpamu [IJis ONpene-
JIeHUsT BO3MOXXHOCTM KOHCEPBAaTMBHOTO JieUYeHUS
“mallet finger” ¢ ¢parmenTom 6omnee 1/3 cycTaBHOI
TIOBEePXHOCTU U HalmMuueMm noasbisuxa [21].
HekoTtopble u3 IpemIoKeHHBIX KiIaccuduraimii
OCHOBaHbI Ha BU3YaJM3alMOHHBIX METOAAX MUCCIeno-
BaHus. Hanpumep, T. Wang ¢ coaBTopamMu 110 JaHHBIM
V3U u MPT pasgemwm “mallet finger” ua Tpu Tumna:
OTPBIBHOI TIepesioM 6e3 paspbiBa CYXOXKWIMS Pasru-
GaTens; CyXOKuIbHbI “mallet finger” (monHbi pas-
PBIB CYXOKUIMSI 6€3 IepesioMa OUCTaIbHOI (araHrn);
yimb cyxoxkmms pasrubatens. [To MHEHMIO aBTOPOB,
TaKas KaaccuUKauysl MOKET ObITb MCIIOIb30BaHa JIJIsT
oIpeneneHus: ONITUMAIbHOM TaKTUKY JleueHus [26].

TaKkTHKa JIeYeHUs CBEKMX 3aKPbIThIX
nospexaennii Tuna “mallet finger”

HecMoTpss Ha mporpeccuBHOe pa3BUTHE COBpe-
MEHHOM KUCTeBOV XUpPyprum, B jedeHuu “mallet
finger” ocraeTcsi MHOTO CIIOpPHBIX MOMEHTOB. IIpu
BCEM MHOT000pa3uy MpeaoskKeHHbIX CIIOCOG0B ajro-
PUTM BbIOOpA ONTUMAIbHOI TaKTUKU BCe ellle HaX0-
IIUTCSI B CTaiuM OOCY>KIeHMS, He JOCTUTHYTO eJMHOTO
MHeHMsT 06 3G PeKTUBHOCTM CYIIEeCTBYIOIINX jeueb-
HBIX METOOVK.

KoHcepBaTuBHOE JleuyeHME 3aKPBITOTO CYXOXKUJIb-
Horo «mallet finger» TpebyeT cobmoneHMs TaKUX YCIO0-
BUIA, KaK «CBEXECTb» TPABMbI, BO3MOXKHOCTb COMU3UTD
KOHIIBI CYXOXWIMsS, CTabMIBHOCTh M aJeKBaTHOCTb
dukcaryu [3, 4]. Coco6HOCTh MalMEHTOB MPUIEP-
SKUBAThCSI PEKOMEHIOBAHHOTO PEXMMa UMMOOWUIIN-
3alUM U NPOBENEeHUS] TUTMEHUUECKUX Mpouenyp BO
n3bekaHye BO3HUKHOBEHMUS OCIOKHEHUI OOBIYHO
HEBO3MOXKHO OTCeAnTb [34]. Crioco6bl KOHCEPBATUB-
HOTO JIeYeHMSsI, MPOJO/DKUTEIbHOCTD U IeTaIu peadu-
JIUTALUUY 3HAUUTENbHO OT/INYAIOTCS Y Pa3HbIX CIIeL-
anmucToB [34, 35, 36]. B uccnemosanum apheKTMBHOCTU
pas3IMUHBIX BAapMAHTOB IMH ObUIO OIpenesieHo, UTO
Tun ¢uxkcaTopa He OKasbIBaeT CyL[eCTBEHHOTO BJIM-
sHMS Ha (QYHKUMOHAIbHBIN pe3yabTaT, OJHAKO OH
JIOJDKEH OBITh JOCTATOYHO MPOYHBIM U KOM(OPTHHIM
IJIST TIAIMeHTa BO M30ekaHye HapyIIeHui peKOMeH-
IIOBaHHOT'O pEXMma, 4YeMy COOTBETCTBYeT MHAVBU-
IyajibHas IIMHA U3 Tepmoruiactuka [35]. Hekoropslie
aBTOPBI NPENNOYMUTAIOT MCII0/Ib30BATh IUIICOBYI0 M-
mobum3sanmio [25, 29, 37].

Psi aBTOPOB OTMeEYaloT, UTO HE3aBUCUMMO OT BUIA
MPOBEIEHHOr0 JjleyeHUs NalyMeHTa OO/DKHA JIEYUTh
MYJIbTUIUCUMIUIVHAPHAS 6puUraza, B 4aCTHOCTU CIie-
IMATUCTBI TI0 KUCTEBOI peabwmmtaiuu u Qusmo-
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TepaneBThbl, TP 3TOM [JIS YAYUIIEHUSI Pe3ylbTaTOB
JleueHnss HeOOXOAMbI KOMILIA€HTHOCTD IMaIMeHTa "
ero rpaMoTHoe obyuenue [12, 22, 38, 39, 40]. OnHako
B YacTM MCCIeNOBaHMit CIleliMaJu3UpoBaHHas pea-
OuIMTaAIMS TI0CIe IpeKpamleHus MMMOOWIM3aLun
otcyTcTBoBania [25, 29, 37]. CpoKku MOCTOSTHHOM UM-
MOOUIM3alMM Hamuboiee YacTo COCTaBIILAIOT 6—8 Hej.,
OIHAKO B HEKOTOPBIX UCCAeA0BaHUSIX OHU YBETUYEHbI
o 10-12 uep,. [2, 34]. B ucceqoBanmm 110 olleHKe 3¢-
(beRTMBHOCTY HOYHOTO IMIMHMPOBAHMS OBIIO OINpee-
JIeHO, YTO OHO He y/Ty4IliaeT KIMHUYECKME Pe3Y/IbTaThl
[41]. [Ipy 5TOM MHOT¥ME aBTOPBI UCIIO/Ib3YIOT IPOTOKO-
JIbI IOTIOJTHUTEIbHOTO OPTE3UPOBAaHMS I1OC/Ie OKOHYA-
HMSI OCHOBHOTO ITepMoia MMMOOMIM3aIUM CPOKOM 10
2-8 Hefl,., 000CHOBBIBASI €r0 HEOOXOIMMOCTD OVOIOT M-
YeCKUM IPOIIeCCOM CpalleHUs CyXOKUINS U BBICOKUM
pucKOM peruauBa nedopmanyu [8, 34, 35, 36].

HeonmHo3HauHbl MHEHMSI McclemoBaTeneil o Jo-
TIOJIHUTEIBHON MMMOOMIM3AIMY  TTPOKCUMAIBLHOTO
Mexkdananrosoro cycraBa ([IM®C) MoBpeXaeHHOTO
TaJIbIia, KOTOPAst IIUTEIbHOE BPpEMSI CUMTAIACh HE0O-
XOAUMOM. B HECKONBbKMX KaJaBEPHBIX 3KCIIEPUMEH-
Tax MPOBOIM/IACH OI€HKA BIMUSHUS UMMOOUIM3ALIIN
[IM®C Ha noTeHUMAIbHBINA AMACTa3 MEXIY KOHLIAMU
MOBPEXAEHHOTO CYyXOXXuaus Ha ypoBHe IM®C. B n1u-
TepaType NPUBOASITCS KpaiiHe MOJSIpPHble MHEHMS.
A.C. 30710TOB C coaBTOpaMM AOKasaau OTCYTCTBUE
BiustHUSA [42], @.D. KamosioB ¢ coaBTOpaMu cemnanu
BBIBOJI, UTO JBIVKeHMSI B [IMOC u mscTHO-daaaHro-
BoM cycraBe (IIOC) criocoO6CTBYIOT YBEIMUEHHUIO TUa-
CTasa 3a cueT CMelleHUs CYXOXMIbHOTO KaIllolloHa
npokcuMabHee [IOC 1 HacTanMBalOT Ha UX GUKCALIUA
B (bu3moornyeckom nojoxkeHmu [25, 29].

Bo mMHOrOM momxom M BbIOOP TAKTUKM JIEUEHUS
ocTphIX moBpexpeHuit “mallet finger” saBucar ot
IaBHOCTM TpaBMbl [3, 4]. Ha cerogHsmHuii neHb
orpefiesieHe «CBEXKeCTU» MOBPEXIEHNS JOCTATOUHO
CIIOPHO, TaK KaK eJMHOTO MHEHMS T10 TTIOBOIY 0603Ha-
YeHMs] BpEMEHHBIX ITPOMEXKYTKOB IS nuddepeHm-
alyy paspbIBOB CYXOKWUJIMIA pasrubaresieil majblieB
Ha CBEXMe M 3acTapesible He CYyIIecTByeT. B cBs3u
C 3TUM BPeMEHHO} MHTEePBaJ MOC/Ie TPAaBMbI, B TeUe-
HJe KOTOPOTO KOHCEPBATUBHOE JIeUeHMe MOXKET ObITh
3(heKTUBHBIM, TaKKe OCTAaeTCsl HeOoIpeaeIeHHbIM

[12,43]. 1o mHeHMI0 M.A. XOZOPKOBCKOTO C COaBTOpa-
MM, KOHCEpPBATUBHOE JIeUeHMe 11eJ1eCO00Pa3HO TOJb-
KO B IlepBble CYyTKM IIOC/IE TPaBMbl, C YBeIUUEHUEM
MHTEepBaJia BpeMeH! C MOMEHTa TpaBMbl 10 Hayasa
yeyeHust 3QPEKTUBHOCTb KOHCEPBATUBHONI Tepanmu
pes3ko ymeHbIaeTcs [37]. A. Reiter c coaBTopamu cum-
TalOT NMoBpexneHus tuna ‘mallet finger” «ocTpbiMu»
B MepBble 4 HeMl., XxPOHUYECKUMM — MOCIe 4 Hell,. U B
060UX CIy4asx PeKOMEHIYIOT KOHCepBaTMBHOE Jie-
yeHMe ¢ roMoInbio mumubl [44]. E. Altan ¢ coaBTOpa-
MU CPaBHWIM jieueHMe MalMeHTOB C CyXOKUIbHBIMU
“mallet finger” B Cpox 1o 2 Hen. U B MHTEpPBaje OT 2
10 4 He[l. MoCJie TPaBMBbI ¥ CAEIAIU BbIBOI, UTO (DYHK-
LMOHaIbHbIE Pe3yAbTaThl B 3TUX IPYyTMIax He OT/InYa-
1oTcs [43].

Bce mipensioskeHHbIE OlepaTMBHbIE METOOUKU
HamnpaB/ieHbl Ha BOCCTAaHOBJIEHME II€JIOCTHOCTU CY-
XOXKWINS WIM aHaTOMMYHONM PENo3ULIUU U SKeCT-
KOV CTAaOMIbHOV (UKCALMMU C OMHOBPEMEHHO! BO3-
MOYXHOCTbIO PaHHEl MOOWIM3aUU TTOBPEKAEHHOTO
Masblia AJIs IpeJoTBpalieHs KOHTPakTyp [5, 43, 45].
Ha ceropgHsiliHMIT OeHb HE CYIECTBYET OOHO3HAU-
HbIX T[I0Ka3aHMil K BbHIIIOJTHEHUIO OIepaTUBHOTO
BMelaTenbCcTBa [19, 46]. OgHAKO B CBSI3M BBICOKUM
MPOLIEHTOM HeyIOBAeTBOPUTEIbHbBIX MCXOLOB KOH-
CepBaTMBHOTO JIeUeHMsI Bce OOJbIlle aBTOPOB IIpe[-
JIaraloT HOBble METOOVMKU WM MOOMUGUKAIMUIO YKe
CYIIECTBYIOIIMX B MOMBITKAX YIYUIIUTh KIMHUIECKUE
pes3yabTaThl.

OI.IEHKa pe3yiibTaTOB JICUCHUSA

IJisT OlleHKM pe3yJbTAaTOB JIEUeHUs] B IIOIABJISI-
IOIIeM OOJIBIIMHCTBE CTaTeil MCIIOIb3yeTcs IIKaja
G.P. Crawford, yumuTbeiBalomiass crerneHb meduinta
aKTMBHOIO pa3rubanus u crubanus B IM®C, a Tak-
ke HajMuye 60JIeBOr0 CHMHApOMAa. B cooTBeTCTBUMU
C 9STUMM KPUTEPUSIMU U 3Kaa06aMy TTaliMeHTa pPe3yiib-
TaT OL[EHMBAETCS KaK OTJIMYHbBINA, XOPOUIMM, yOOB-
JIETBOPUTEbHBIN Win TUI0Xoi [47] (Tabm. 1). JanHas
IIKaJia SIBJISIeTCS Haubojee pacIpoCTPaHEHHON IJist
OIIEHKM PE3Y/IbTaTOB JIEUEHUS] U ITO3BOJISIET OTPA3UTD
(OYHKIIMOHAIBHBIM pe3yabTaT ¥ YPOBEeHb (Pu3MuecKo-
ro KoMmdopTa NalyeHTOB.

Tabnuya 1
Knaccudmkammsa G.P. Crawford [47]
PesynbraT Heduuut pasrnbanms CrubaHue BosneBoit cuHApOM
OTnnyHbIN Her ITonnoe Het
Xopounit 0-10° [MonHoe Her
VI OB/IETBOPUTEIbHBI 10-25° JTio60it gedbunut Her
I[Tnoxoii >25° JTio60it neduunt IMocTosTHHBI
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IlloB cyxokKmausi ¥ ero Bapuanumn

Bompoc mnoka3aHuil K BBITIOJHEHUIO II€PBUYHO-
ro miBa NPy CBEXeM CyXoxwibHoM ‘mallet finger”
ocTaeTcsl OTKpbIThIM. HeyoBneTBopuTeabHble QyHK-
LIMOHAJbHbIE UCXOAbl KOHCEPBATUBHOTO JI€UEHMS 3a-
YyacTyio TpeGyIoT OIMepaTMBHOTO BMeIIaTe/lbCTBA U
COIIPSIKEHBI C BBICOKOJ CTEIEHbI0 HeyLOBIeTBOPEH-
HOCTM TalieHTa MpOBeLeHHbIM JeueHneM. B cBs3u
C 3TUM OPOJOJIKAIOTCS MOUCKU ONTMMAaJIbHOIO IIBa
CYXOXKUnus npu mnospexpeHun B I 3oHe. Insg BocC-
CTAHOBJIEHMS 1LIeJIOCTHOCTU CYXOKUIUS TIPU CBEXEM
3aKPBITOM IOBPEXIEHUM TMPELI0KEeHbl Da3JINYHbIE
MOTPY>KHbIe MIBBI C AaJbHeIIel TUIICOBOT UMMOOM-
nM3anMerl Win B COYETaHUM C TPaHCAPTUKYISIPHOI
ukcaumeint IMOC cruieit ¥ pasIUMUHBIMU TOUKA-
mu buxcanuu HUTH [40, 48, 49, 50]. [Ipy OTKPHITHIX
MOBPEXIEHUSIX MCIONb3YIOTCS Bapualuyu BHYTPU-
CTBOJIbHBIX IIIBOB C BHYTPeHHe Wi HapysKHOM HUK-
cauueii [6, 7, 49]. OgHako Takue METOAUKU MMEIOT
CyllleCTBEHHbIE HELOCTATKM B BUJIE BbICOKOI TpaBMa-
TUYHOCTY, PUCKA Pa3BUTHUS MPOJIESKHEN, IUTATYPHBIX
cBuLeii u MHPuIMpoBauus [6, 7,9, 14].

TpaHcapTuky/sipHas pukcanys

HekoTopsie aBTOpbI MCHOJNb3YIOT TPAHCAPTUKY-
JNApHYI0 (QUKcaMio TpU 3aKPBITOM CYXOXWIHBHOM
“mallet finger” y mauueHToB 6€3 GOJIbINOI KOMILIA-
€HTHOCTM C HEBO3MOKHOCTbIO COOJIOATh CPOKM I10-
CTOSIHHOJ BHEIIIHe MMMOOMIN3alyK, UTO ITO3BOJIS -
eT JullaM OIpefieNeHHbIX Npodeccuit cpasy nocie
orepaiyuu BepHYTbCS K pabore [2]. [Ipyrum mokasa-
HMEM MOKeT ObITh MHOXXeCTBEHHOe IOBpeXaeHNe
MaablieB, KOTAAa Hapy>KHOe LIIMHUPOBAHME HECKOJb-
KMX TalblieB TPYOHOBBINOMHUMO [9]. Kpome Toro,
3a4acTyl0 TPaHCApPTUKYASpHas duKcauyus MCIOIb-
3yeTCsl IPU XUPYPTUIECKOM JIeYeHUN CBEXUX TPaBM
WIM BBITIOHEHUM TeHomepmopesa [40]. OgHako mno-
TeHI[MaTbHbIe OCIOKHeHUS (MHbeKuus, 60me3HeH-
HOCTb Ha KOHUMKe Masblia, Aedopmainsi HOTTeBO
IUIACTMHKY, MUTpALMsl CIIMLbI) OrPAaHUMUYMBAIOT MO-
Ka3aHMs K BLIIIOJIHEHUIO 3TOM MaHuUIyaauum [2].

BIOKMPYIOLINMIT OCTEOCUHTE3 ¥ €r0 BapMaHThI

OnepaTuBHOe JieueHne KocTHoro “mallet finger”
C BOBJeUeHMeM Oojiee OIHOI TpPETU CYCTaBHOI IO-
BEPXHOCTM WMJIM C TIOABBIBMXOM OCTAeTCs CIIOPHBIM,
IIOCKO/IBbKY paHbllle [TPeAIIonaraioch, YTo Bce moo6-
Hble TIOBPEXIEHMSI MOXHO JIEYUTh KOHCEPBATMBHO.
[Tpu 3TOM BCe 6Goblliee KOMIMUECTBO UCC/IeqoBaTenei
B TaKMX CJIy4asiX MOAAEPKUBAET ONEPATUBHOE jieue-
HMe, YTOOBI MPEIOTBPATUTh OCTE0APTPUT, Hedopma-
LIMI0 TUTIA «JIeGeIMHOI IIeN» U CTOMKYI0 PUTUIHOCTD
B IM®C [19, 21]. OgHoit u3 Haubosee YyacTo mpumMe-
HSIEMBIX SIBJISIETCSI METOAMKA GJIOKMPYIOIIEr0 OCTE0-
cuHTesa, npemyiokennast T. Ishiguro B 1997 r. [51].
Kpurtepusimu 1js1 BBIIIOJIHEHUSI JAHHOM MeETOLUKMU
SBJISIOTCS Hanuuue dparmeHTta 6oinee 33% cycras-

HOJi TIOBEPXHOCTH, TIePeJIOM C IMTOIBBIBMXOM CYCTaBa
M cMeleHue oTioMKa 6onee 2 mMm [5, 52]. MHorune
aBTOPHl OTMEUAIOT, YTO METOAMKA OJOKMUPYIOIIEro
OCTEOCHHTEe3a B pasIMUHbIX BapualusIx CTaja Io-
MYJISIPHOM, TIOTOMY UTO OHA OTHOCUTEJIbHO ITPOCTa
M MUHMMAQJIbHO MHBa3MBHA. OJHAKO BO3MOSKHBIE
MOCJ/Ie[ICTBUST TIOBTOPHBIX TOIBITOK BBEIEHMUS CITNII,
BK/IIOUAIOIIME TOBPEXIEeHMEe CYyCTaBHOIO Xpsiia,
BTOPUYHBII OCTEOAPTPUT, MOBPEKAEHME HOTTEBOTO
JIO’Ka ¥ HEKPO3 KOXM, YXYAUIAIOT KIMHUYECKMe pe-
3ynbTarthl [5, 21, 52, 53].

Ha cerogHsIHMIT AeHb Npeai0KeHbl pa3inyHbIe
BapUMAHTHI 3TOI METOAMKY, HAIlpaBJIeHHbIe HA MUHMU-
MM3aLMI0 IOTEHUMAIbHBIX OC/IOKHEeHMI. Haripumep,
TeXHMKA OJIOKMPYIOUIErO0 OCTEeOCHMHTEe3a [0 TUITY
«pb16010BHOrO Kprouka» (“fish hook”), cyrs KoTOpOIi
3aK/I04YaeTcss B (UKCAUMM OTPHIBHOTO (parMeHTa
M3O0THYTOM CIIMIIEel M TpaHCApTUKYISIPHO ¢uKca-
uyu. IMo manubpiM D.H. Kim ¢ coaBTOpamu, cpemHuit
IedbuuuT pasrubaHus IOCIe JeUeHUs] COCTaBuI 3°.
ITo mkane Crawford 6s110 OTy4YeHO 76% OTAUUHBIX
pe3ynbTaToB, 19% xopowmux u 3% ya0BIe€TBOPUTEIb-
HBIX [54].

Opyrasg MoguduKauysl 3aKa0JaeTcs B GuKcamun
xkoctHoro “mallet finger” ¢ mOMOLIBI0 KOHCTPYKLIMAK
U3 MSTKOI MPOBOJIOKU. BBUAY OTCYTCTBMS TpaHCap-
TUKYASIpHO ¢dukcanuyu OIM®PC akTuBHaAsT MOOWIN-
3alMsl MOKeT OBITh HauaTa Cpasy I0oc/ae Oreparyn.
ABTOpPBI IEMOHCTPUPYIOT OOVH KIMHUYECKUIA CIydan
¢ xopouum pesynbratom 1o Crawford [53].

ITpu Mcrionb30BaHMM MOAUGUKALIY OJIOKUPYIOLIe-
IO OCTEOCHHTEe3a OTHOI criuiei 6e3 pukcaiym IMOC
TOJTyYeH CpemHuii medUUUT aKTMBHOrO pasrubaHmst
3,8°, 06beM crubanuss — 76,0°. OIMYHBIA pe3yabTaT
ToJTyueH B 61,5% ciyyaeB, xopommii — B 30,7% u ynoB-
JIETBOPUTENbHBIN — B 7,69% [55].

KinnHuuyeckuii cjiyyaii ¢ UCIIOAb30BAaHUEM MOIM-
GuUIMPOBAaHHOTO MeTOoHa OJIOKMPYIOUIEr0 OCTEOCUH-
Tesa C MCIOMb30BaHMEM ABYX crimi KuprrHepa pist
dukcanymu koctHoro “mallet finger” mpenmaoxuIn
Q. Chen c coaBTOpamu. ITo X MHeHMIO, ITpeUMYIIe-
CTBO METOIMKM 3aKII0YAETCS B MaJIOMHBA3VBHOCTU
" BO3MOXXHOCTY YAEPKMBATh GparMeHT B aHATOMUY-
HOJi pero3unyuu 61arogapst OOBMBAHUIO CITUILL MEKIY
€0060J1 TIPOBOJIOKOI [56].

Bce onmcanHbie METOOMKY TPUMEHEHbBI Ha HEOOIb-
ol BbIOOpKe TManueHToB [54, 55] wiu mpencrasie-
HbI eIVHUYHBIMY KIMHUYECKUMM caydasmu [53, 56],
I0O3TOMY OHM TPeOYIOT NalbHEMIIMX MCCIeqOBaHMik
IIJIST OLIEHKY UX 9P HEKTUBHOCTH.

OTKpBITasi peno3ULUsA VI BHYTPEHHSIS
dburcanys

OcHOBHas 11e/b OTKPBITBIX METOIUK C MpUMeHe-
HMEM pa3MyHbIX BHYTPeHHUX (HUKCATOPOB 3aKIIIO-
YyaeTcsl B BOCCTAHOBJIEHMY aHATOMUYHOM Pero3ULIUU
M CO3JaHUM CTaOUIBHON (GUKCALUU C BO3MOKHO-
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CThIO PaHHE MOGMIM3aLMK cycTaBa. K mokasaHusm
oTHOCAT nepeyiombl Tuia IVB wim IVC no knaccudn-
kauyu J.R. Doyle [32] c HamuuMeM MM OTCYTCTBUEM
TTOABBIBUXA.

B kauecTBe (pukcaTopa HEKOTOPbIE aBTOPbI PEKO-
MEHZAYIOT MCIIONb30BaTh KPIOYKOBUIHYIO IUIACTUHY
IIsT cTabummusanyu KpymHoro gparmenta [45, 57]. Io
mHeHuto G. Szalay ¢ coaBTopaMu, JaHHAsE METOOMUKA
MOXKET [IaBaThb XOPOIIMe Pe3yabTaTbl, OMHAKO BBULY
BBICOKOTO TIPOIIEHTA OCIOXHEHMII TexXHMKa orepa-
UMY M UMIUIAHTAT TPeOYIOT TOTIOIHUTEIBHBIX UCCIIe-
moBanmit [58]. R. Hiwatari ¢ coaBTopamu mjs yede-
HUS IPEIJIOKWIIM YPECKOKHYI0 METOIUKY (puKcauym
MuHK-BUHTOM — “chased method”. ABTOpsI OTMETH-
JIM, YTO 3TOT METOH, MMeeT MHOTOOGemarmuil mo-
TeHIMaJ, ONHAKO He momxomuT mias “mallet finger”
¢ HammumeM monBbiBuxa [59]. IIpu ouenke sddex-
TUBHOCTM MeTOoja SIKOpHOV ¢ukcanuu S.G. Batibay
C CoaBTOpamMM IMPUIUIM K BBIBOAY, UTO 3Ta TEXHMKA
He MMeeT MPeUMYIIeCTB M0 CPAaBHEHUIO C KOHCepBa-
TUBHBIM JIEYEHMEM U COIPSIKEHA C BBICOKOV YaCTOTOM
OCJIOXKHEHMI, TAKMX KaK HeCTabMIbHOCTh (puKcaIum,
uHbeKIMs 1 moaBbBUX B IMOC [60].

[TpomomsKarTCs CIIOPHI O 1e/1IeCO0OPA3HOCTHM TPO-
BelleHMsT OTKPBITOTO OMEepPaTMBHOTO BMeNIaTebCTBA.
B cpaBHMTENBHOM WMCCIEAOBAHUM OIOKUPYIOIIETO
OCTEeOCMHTE3a ¥ OTKPBITOM DUKCAIIMY KPIOUKOBUIHbI-
MM nnacTMHamu ML.A. Acar ¢ coaBTOpaMu OTMETUIIN,
YyTo 06a 3TUX METOAA JAIOT XOPOIIlMie Pe3yIbTaThl, TPU
3TOM OJIOKMPYIOIINI OCTEOCUHTE3 BBITIOTHSIETCS TeX-
HMYECKM ObICTpee U MpoIle, KpOMe TOTO, OH JIelleByIe
[57]. CpaBHMB MeTOOVMKM OIOKUPYIOIIETO OCTEOCHH-
Te3a U IMHMUPOBaHMs y nanyueHTos ¢ “mallet finger”
tunoB IB-IC no knaccudukanum Wehbe - Schneider,
G. Gumussuyu ¢ coaBTOpaMyu OTMETUJIU, YTO 06a Me-
TOAA OAMHAKOBO 3((EKTMBHbI M KOHCEpPBATUBHOE
JleueHne OO/DKHO ObITh MPEOIIoOUYTUTENbHBIM [22].
CornacHo ucciegoBanuio Y. Huang c¢ coaBTopamm,
Haubojiee PaCIpPOCTPAHEHHBIMM  (PUKCUPYIOIIUMU
YCTPOMCTBAMM SIBJISIFOTCS CIMIbI KupiiHepa 1 SKop-
Hast (puKcalusi, KOTopble 00eCIeUMBaIOT OTIMYHbIE
KIMHWYECKME MCXOIbI, TIPM 3TOM MeTomuKa dukca-
UMY CIUIAMM B Pa3IUIHBIX BapMalusx SIBJSETCS

JOITOJIHUTEJIbHASL THOOPMAIIUA

3asneneHHslii 6K1a0 asMopos

Bce aBTOpBI cOoenany S5KBUBAJIEHTHbBINM BKIAJ B IMOATO-
TOBKY MyOIMKAIVA.

Bce aBTOpPBI Mpowin U omoOpuIu (GUHAIBHYIO BEPCUIO
PYKOMMCH CTaTbU. Bce aBTOPBI COTTIAaCHBI HECTY OTBETCTBEH-
HOCTb 3a BCe acCIeKThbl paboThl, YTOGBI 0OECIIEUNTh HajJjIe-
skalee pacCMOTPEHME U pellleHMe BCeX BO3MOYKHBIX BOIIPO-
COB, CBSI3aHHBIX C KOPPEKTHOCTHIO U HALEKHOCTHIO 060
yacTu paboThI.

Hcmounuk  ¢uHaHcupoeanus. ABTOpbI  3aSIBJISIIOT
06 OTCYTCTBUM BHEIIHET0 (pMHAHCUPOBAHMS IIPU MIpOBee-
HUM UCCITENOBAHMS.

JIy4llieil afbTEpPHATUBOM B CBSI3U C MEHBIIIUM KOJIMYe-
CTBOM OCJIOXKHEHUI M MEHbIIMMU IKOHOMUYECKUMU
3aTpartamu [5].

OcC/I0KHeHUSI

[lo paHHBIM JUTEPATYPbl, OCIOKHEHUS KOHCep-
BaTUBHOTO JieueHus] Hauboiee YacTO BKIIOYAIOT I1O-
paskeHMSI KOXXU B BUJle Mallepalyit ¥ TOBEPXHOCTHBIX
HEKpPO30B, fedopMalnio HOITeBOH IIACTUHKY, OCTa-
TOUHYIO JedhopMalni0 ¥ TYTOMOABMKHOCTb CYCTaBa
[21, 58, 60, 61].

OTKpbITbIE BMeEIIATENbCTBA COMPSDKEHBI C BBICO-
KM PUCKOM pPasBUTUSI MHGEKIUM ¥ HEKPO3a KOXM,
aprpo3sa IM®C, ocreomuenuta u geopmaliyy HOrre-
BOJI TUTACTMHKM C YacToToit 1o 30% ciydaes [5, 14, 57,
60, 61]. IIpy mpuMeHeHUN METOAVKU OIOKUPYIOIIETO
OCTEOCHHTE3a C YaCTOTOM 10 41% BCTpevarTcs crydan
HEKpO3a KOXM, OCTaTOUYHOTO JeduiyuTa akTUBHOTO
pasrubanusi, MHPEKLUYHA, SITPOTEHHOTO IOBPEXIEHMS
HOI'TEBOTO JIOKA U leopMaliyii HOITEBOJ TUIACTUHKM,
OCTEOMMENINTA, IOJIOMKU MY MUTPaLiM MeTalZIOKOH-
crpykuyu [21, 22, 52, 53]. B uccnemoBanum S.G. Batibay
C COaBTOpaMM IOC/Ie XUPYPIUUECKOro JIeYeHUs OTMe-
YyeHO OO0JIbIlIe OCIOKHEHUIA, B YaCTHOCTU 14% ciydaeB
TMOBEPXHOCTHOT'O HEKPO3a KOXKMU, 7% — MapacIiuiieBOro
OCTEeOMMUENNTA, 21% — NOBpEXIEHNI HOITEBOTO JIOXKa
n 21% — TMOBEepPXHOCTHBIX KOXHBIX MHMperuuit [60].
Mo manubpIM G. Szalay ¢ coaBTOpaMu ITOC/IE OTKPBITOTO
BMeIIATeNbCTBa ¥ 9% MallMeHTOB BO3HMKIIA medop-
Malys HOITEBOI IUIACTUHKY, B 2,5% mOTpeboBanoch
MpeXaeBpeMeHHOoe yhaneHne MeTaIohUKCaTOpoB
BBUAY YTPpO3bl mepdopanym Koxu [58].

3AKJ/IIOYEHHE

B pesynbraTe aHajyM3a JUTEPATYPbl IOAYYEHbI
KpaiiHe MpOTMBOpPEUVBbIe AaHHbIe. BbICOKMIA Mpo-
I[EHT HEYIOBJIETBOPUTENIbHBIX MCXOHNOB ¥ OCIOKHE-
HUIA, OTCYTCTBME €AMHOTO aJIrTOPUTMa BbIGOPA CITOCO-
6a JleueHus1, a TAKKe MPOTUBOPEUNBOCTD UMEIOIIENCST
B JIUTepaType MHGOPMaLuUy CBUIETENbCTBYIOT O He-
peleHHol npobieme jedeHus ‘mallet finger”, xo-
Topast TpebGyeT IOMCKAa palMOHAJbHON MeTOAVKA
C MCKJTIOUEHMEM CYILECTBYIOIIMUX HELOCTATKOB.
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Kougnukm unmepecos. ABTOPBI JeKIapUPYIOT OTCYT-
CTBUE SIBHBIX M TIOTEHIMAIbHBIX KOHMIVKTOB MHTEPECOB,
CBSI3aHHBIX C MyGIMKAIMeli HACTOSIIIE CTaThy.
Imuueckas skcnepmu3sa. He npymeHnMa.

Hugopmuposannoe coznacue Ha  nyoiuKayuro.
He TpebyeTcs.
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XOMUHEL, BNIAAUMUP BACUJIbEBUY

K 60-neTuio co AHA poXXaeHuUs

28 ceuts6ps 2022 r. ucrnomHUIOCh 60 €T JOK-
TOpY MeAMIIMHCKUX Hayk, mpodeccopy, 3aciaykeH-
HoMY Bpauy Poccuiickoit ®enmepaiiuu, MoJKOBHUKY
MeIUILIMHCKOM Cayk6bI Bragumupy BacumbeBuuy
XOMMHLTY.

Brnagymup BacunbeBuu pomuics 28 ceHTS6ps
1962 r. Ha YKpauHe B MHOTOZeTHOJ cembe. OH C IeT-
CTBa MeuTaJ CTaThb Bpauom. B 1982 r. oH OKOHUMI
¢ ominumueM VMiBaHO-DpaHKOBCKOE MeUIIMHCKOE YIU-
JIUIIE U Cpasy ke 6bUT Mpu3BaH B psaabl COBETCKOM
apmuu. B 1983 r. B.B. XomuHen noctynui B BoeHHO-
MeIUINHCKYI0 akagemuio wum. C.M. Kuposa B
JleHuHrpaje, a mocjie ee OKOHYAaHUS POXOIVI CITY3K-
0y BpauoM BOJICKOBOTO 3B€HA, BO BpeMsI KOTOPOIt UM
OBLIO MPUHSITO OCO3HAHHOE pelleHMe CTaTh BPauoM
TpaBMaToJIOTOM-OpTOoIenoM. Bragumup BacunbeBuu
MIPOIOJIKMI CITYKOY B JO/DKHOCTM CTapllero Opmau-
HaTopa XUPYPTUUECKOTO OTAeNeHUs] apMeliCKOro BO-
eHHoro rocnutansi. B 1994 r. Bragumup BacunbeBuy
MOCTYIIWJI B aIbIOHKTYpy Mpu Kadempe BOeHHOI
TpaBMaToJOTUM U opTomnenauu BMenA. B mepuon
o6yueHMss OH ObUI HamlpaB/ieH B KOMaHIMPOBKY Ha
CeBepHbiii KaBka3, roe momyuyms ONBIT OKa3aHUS
CMenMaIM3upPOBaHHON TPaBMAaTOIOTUYECKOI TTOMO-
M B YCJIOBUSIX GOEBBIX MeCTBUI. ITOT OIMBIT CTAJ
dbyHITaMeHTOM €ero KaHAUZATCKOV IuccepTanun
«[lepBuuHas miacTMka Ae(eKTOB MATKUX TKaHem
IIpU XUPYPrUUYecKoit 06paboTKe OTHECTPEIbHBIX U OT-
KPBITHIX IEPETIOMOB KOCTEei TOJIeHU».

IMocne oOxkoHYaHMUSI ambBIOHKTYpPhl Bragumup
BacunbeBuyu mpoxomun cayk6y B BMenA Ha Kadenpe
BOEHHOJ TPaBMAaTOJOTUM U OPTOIeAuH, TTOCaeloBa-
TeJIbHO 3aHUMas JOKHOCTY HauaJAbHMKA TPAaBMaTO-
JIOTUYECKOTO OTAeNeHUSI KIMHUKY, CTapIIero mpemno-
IaBaTess U 3aMeCcTUTeNsT HaualibHuKa Kadenpol. Emy
MIPUXOAWIOCh HEOMHOKPATHO BbIE3KAaTh B CITYKeO-
Hble KOMaHAUPOBKU B BOEHHbIE TOCIUTAIN, OKA3bI-
Basi METOAMUYECKYIO U TIPAKTUYECKYI0 TOMOIb KOJI-
JieraM Ha MecTax. [1oyuyeHHBI OMBIT U Pe3yAbTaThl
BBITIOTHEHHBIX MM HAyYHbIX UCCIEIOBAHUI MO3BO-
nunu Brnagumupy BacunabeBuuy yCcrnemHo 3al[UTUTD
B 2012 r. gokTOpCKYyIO AuccepTanuio «Opranusamnus
U COBEpIIEHCTBOBAHME CUCTEMBI CHelUaau3upo-
BAaHHO} TpPaBMaTOJIOTUYECKON TMOMOIIM pPaHEHbIM
U TOCTPAJaBIIMM C MepeJioMaMiu OAMHHBIX KOCTel
KOHEUYHOCTel U UX JieueHMUs B JieueGHBIX yUupexme-
HUSIX MuHOGOpOHBI Poccum».

Ha mnpoTsbkeHUM TOCAeIHUX BOCBMMU JIeT TIPO-
tdeccop B.B. XomwuHen, Bo3riamisieT Kadeapy u
KJIMHUKY BOEHHOJ TpPaBMAaTOJOTUM U OPTOMegUu
uMm. I'. TypHepa BMengA 1 oOJHOBpEMEHHO WUC-

MOJIHSIET O00SI3aHHOCTY TJIABHOTO TPaBMaToJoTa
Mwuno6oponsl Poccun. OH siB/isIeTCs CrelUanucToM
BBICLIE) KaTeropuu U NPU3HAHHBIM aBTOPUTETOM,
B COBEpLIEHCTBE BJafeeT BCEMM COBPEMEHHBIMU
MeTOLaMM OMarHOCTUKM, ONePaTUBHOTO M KOHCep-
BATUBHOTO JieueHMsI 3a0071eBaHMIt U TPaBM OTIOPHO-
JIBUTATEIbHO CUCTEMBI, BK/II0Yasi BOEHHBIE TPAaBMBI.
EskeromHo oH BbINONHSET 60siee 650 CIOKHBIX, B TOM
YKCae BBICOKOTEXHOJIOTMYHBIX ONepauuil, 3Hauu-
TEJIbHYI0 YaCTb M3 KOTOPBIX MOYXXHO CIIpaBenjMBO
Ha3BaTb YHUKJIbHBIMU. JTO, IpEXHAe BCero, oIe-
pauumu 1no moBony HeMHQGEeKUMOHHBbIX OCIOXKHEeHMH
BHYTPEHHEr0 OCTEOCHHTEe3a, OTHECTPEe/bHBbIX Mepe-
JIOMOB KOCTe}i KOHEUHOCTEN U UX ITOCAeICTBUIA.

Kak mraBHbIN crienyanuct MimuHo60poHsl Poccun
Brnagumup BacuibeBMu IIOCTOSIHHO KOHTPOIMPYET
U KypUpYeT [OesTelbHOCTb TPaBMaTOJIOIMYECKUX OT-
JleJleHUii BOEHHBIX TOCIUTAleN, yJ4acTByeT B pelle-
HUM OPraHM3alMOHHbIX, KaJpPOBbIX U CHaOkKeHUeC-
KX BOIIPOCOB, OKa3blBaeT METOAMYECKYH IOMOILIb
BOEHHBIM TPAaBMAaTOJOTaM B JIeUeGHON U KIMHUKO-
9KCIlepTHOI pabote. Ilog ero HemocpenCTBEHHBIM
PYKOBOACTBOM Obuta copMMpoBaHa COBPEMEHHAs
cUcTeMa OKasaHMs CIelyaan3upoBaHHON MeoULIVH-
CKOJt TIOMO1IM 10 TPODWITIO «TPaBMATOIOTUSI U OPTO-
nenusi» B Boopy>keHHbix Cunax PO.

Hapspny ¢ pykoBopsiuel ¥ KIMHUYECKOM esiTeNlb-
HOCTBI0, Tpodeccop B.B. XoMuHer yaensiet 60/bII0e
BHMMaHMe yue6HOiI paboTe. «<BU3UTHOI KapTOUKOIi»
Kadeapsl CTa/M BbIE3IHbBIE IIUKIIbI O6YUEHUS, TIPOBO-
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IMMbIe IIpernofaBaTessMu Kadbeqpsl AJ1sl TPaBMaTOIO-
TOB-OPTOITEZOB M XMPYProB B BOEHHBbIX OKpYyTrax ¥ Ha
dnorax. CrucreMaTyeCKu IPOBOASITCS TEMATUUECKIIE
BeOMHApbI M HAYYHO-TIPAKTUYECKME KOH(DEPEHLIVIN.

HoBbiMM HampaB/leHUSIMM HAyYHO-UCCIeN0Ba-
TeJIbCKOV paboThl KOJUIEKTUBA Kadeapbl U KIMHUKYA,
BO3IVIaB/IsIeMbIX Ipodeccopom B.B. XomuHIOM, SIB-
JITIOTCST pa3paboTKa COBPEMEHHBIX METOAMK Jiede-
HMSI OTHECTpEbHBIX IIepeJIOMOB; cOeperaTeabHOe
JleueHye paHEeHbIX C JTAITHOM XUPYpPruveckoii obpa-
60TKOI1; BaKYyMHOE IPEeHUPOBAaHNME U IUIACTUYECKOE
3aKpbITME OTHECTPENbHBIX PaH; pPa3paboTka HOBBIX
CpeACTB MHAMBUAYAIbHO! MNPOTMBOMMHHONM 3alliy-
Tbl, OPUTUHAIBHBIX MMIUIAHTATOB [JII BHYTpPEHHE-
rO OCTEOCMHTE3a ¥ allllapaToB BHEIIHEeN (hUKcaImn.
Bemercs pabora 1O BHEAPEHUIO B KIMHUYECKYIO
MPaKTUKy agOUTUBHBIX TEXHOJOTUI, B TOM YMCIIE
3D-6MONPUHTMHIA, KJIETOYHBIX TEXHOJOTUIA U T'eH-
HOJ Tepamnuu, MO3BOJSIONIMX 3aMellaTh KOCTHbIE U
xpsuieBbie medekTbl. Ha Kadempe mpoBomsTcss uc-
clemoBaHMs II06aJbHOrO 6GajlaHca TYJIOBMINA UM I10-
3BOHOYHO-Ta30BbIX B3aMMOOTHOIIEHUN. bomnpioe
BHUMaHMeE yOeIsIeTcsl pa3paboTke M BHEIPEHUIO dH-
IOBUIIEOXUPYPIUUECKUX TEXHOJOTUI TIPU JIeueHUn
HeCTaGMIIBHOCTY KOJIEHHOTO M IIEYEBOTO CYCTABOB,
MYJIbTUIUTAMEHTAPHBIX TOBPEXIEHUSIX ¥ AereHe-
patuBHO-IUCTpodMUUeCKMX  3aboyieBaHMii  cycra-
BOB, a TaKXe 0 pa3paboTKe MporpamMmM peabuauTa-
MY TAIMEeHTOB, B T. 4. C IIPMMeHEHMEM aKTUBHBIX
9K30CKeJIeTOB.

BaskHbIM HampaBieHMEM AeSITeTbHOCTM Kadempbl
CTaJla BOEHHO-MCTOpMUeckas pabora. B ee pamkax
OblIa yCTaHOBJIEHA MeMOpMasibHasl Iocka Ipodec-
copy I'. TypHepy Ha mome, roe OH Mpoxuia 41 rog.
BeliM TpoBeneHbl 100WIEliHbIe 3acemaHus, ITOCBS-
mieHHbie 90- 1 95-7eTuUIO CTapeiiiiero B Hallel cTpa-
He OOmiecTBa TpaBMAaTOJIOroB-oprorenoB CaHKT-
IMetep6ypra u JIeHMHIPaACKOI 06aCTH.

ITpodeccop B.B. XomuHer, — aBTop 1 coaBTOp Hosiee
250 Hay4yHBIX pabOoT, B TOM UMc/ie yUeOHUKOB, MOHO-
rpaduii 1 yIe6HbIX OCOOMIT, HAYUHbI PYKOBOIUTEIb
7 KaHOMIOATCKUX U OFHOM JOKTOPCKOM AMCCePTaLvN.
OH gBisieTcss PYKOBOLMUTENEM Hay4HO-IIpakTuye-
CKOM ceKIuM Acconmanyuy TpaBMaTOIOrOB-OpTOIe-
nmoB CaHkr-ITeTepbypra 1 JIeHOGIACTH, 3aMeCTUTETIEM
npencenarens 00beAVMHEHHOTO  IMCCEPTAIMOHHO-
ro coseta nmpu HMUIIL TO um. P.P. Bpenena u BMenA
M. C.M. Kuposa 1o creumajbHOCTU «TPaBMaToJIO-
TSI ¥ OPTONEAMSI», WIEHOM MeXIyHapOogHOTO obIie-
CTBa OPTOMEANYECKON XUPYPTUM U TPaBMAaTOIOTUM
(SICOT), npenomaBareyieM COOOIIECTBA TPAaBMAaTOJIO-
roB «AO Tpasma Poccum».

Hayunas, yue6Hast M KTMHUYECKas AeITeTbHOCTh
npodeccopa Braamumupa BacunbpeBuua XOMMHIIA
OTMeYeHa MOYeTHBIM 3BaHMeM «3aCay>KeHHbI Bpau
Poccniickoi ®enepanyun» (2017), I[ToueTHOI rpamo-
TO¥ Munuctpa o6oponsl Poccun (2018) u [ToueTHOI
rpamortoii IIpesupeHTta Poccuiickoin dPemepannm
(2020).

Konnexmus kagedpst u KAUHUKU 60eHHOU mpasmamonozuu u opmoneduu um. .M. Typuepa BoenHo-
MeQUYUHCKOTI akadeMuu, MHO204UCIEHHble YUeHUKU, KOJleeu U pedakyus xypHaia noddpasisiom Bradumupa
Bacunvesuua c¢ 60-nemHum rwobuneem u xcenarwm emy 000pozo0 300p08bs, HOBbIX MEOPUECKUX O0CMUMEHUL

u danvHetiwezo npodoxHeHUs COBMECMHOL pabombi!
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POOOMAHOBA JITObOBb AHATOJIbEBHA

K 65-netuio co gHA poxaeHus

28 cenTs6ps 2022 I. UCIIOJHWIOCH 65 JIeT pyko-
BOAMUTENI0 HAayYHOTO OTHEIeHUSI XUPYPTUM KUCTU
C MUKpOXUpypruueckoi texuukoin ®I'6Y «HMUILL TO
uM. P.P. Bpenena» Munsapasa Poccun, 3acinyskeHHO-
My Bpauy Poccun, 4OKTOPY MeAULIMHCKUX HAyK, IPO-
deccopy JIto60B1 AHaTObEBHE POITOMAHOBOIA.

JIro60Bb AHATONIBEBHA poAMIachk B JIeHMHTrpaje.
B 1981 r. okoHumIa JieueOHbIi GakyabreT [IepBoro
JIeHMHIPaACKOTO MEeOULMHCKOTO MHCTUTYTa UM.
akan. .I1. I1aBnoBa. ITocjie okoHUYaHMS KIMHUYECKOM
opauHaTypsl B 1988 1. JIio60Bb AHATOILEBHA Havaia
paboraTb B JHUNTO um. P.P. BpemeHa B JOISKHOCTY
Bpada TpaBmarosiora-opromnena. C 1989 r. oHa 1e-
JIeHATIpaB/IeHHO 3aHMMaeTcsl Pa3paboTKOil HOBBIX
METOJ,0B XUPYPTrUM KUCTU U UCTI0JIb30BaHMSI MUKDO-
XUPYPTUYECKUX TEXHOIOTUI B TPAaBMaTOIOTUM U OP-
ToIeauy. 3a 3TO BpeMsI €10 ObIIV B COBEPIIIEHCTBE OC-
BOEHbI IPaKTUYECKN BCE COBpEMEeHHbIe TeXHOIOIUHU
OIepaTUBHOTO JieueHMsI TaTOJIOTUM KOHEUHOCTeiA
C MCIOJIb30BaHMEM MMKDPOXUPYPTUUECKON TEXHU-
K. JI:060Bb AHATONIbEBHA CyMeya IepenaTb CBOU
3HaHUS, HABBIKM U OIBIT CBOMM YyueHMKaMm, chop-
MMUPOBaB OPUTMHAIBHYIO HayYHO-IIPaKTUUECKYIO
IIKOJY.

B 1999 r. JI.LA. PomoMaHOBa yCHEMIHO 3alliuTuIa
KaHAMOATCKYIO AMCCepTaluio «BoccTaHOBIEHNE Tep-
BOT'O Majblia KUCTU C UCIONb30BaHUEM MUKPOXUPYP-
TUYECKOM TeXHUKN», a B 2011 I. — JOKTOPCKYIO OMC-
cepTrauuio Ha TeMy «BO3MOKHOCTM pEKOHCTPYKTUBHOM
MUKPOXUPYPIUM B PAaHHEM JIeUeHUM OOJBHBIX C 00-
MIVPHBIMMU ITOCTTPABMaTUUYECKUMM AedheKTaMy KOHeY-
HOCTElf», KOTOpbIe CTaIM 3aMETHBIMU COOBITUSIMMU
IS CIeLMAIMCTOB XUPYPTUM KUCTU B Hallleli CTpaHe.
B 2012 r. JI.LA. PomoMaHOBOJ ObIJIO IIPUCBOEHO YUEHOE
3BaHMe npodeccopa.

C 2002 r. Jlro60Bb AHaToNbeBHA GeCCMEHHO 3a-
HMMaeT AOJ/IKHOCTb PYKOBOAUTENSI HAYYHOTO OTHe-
JIEHUS] XUPYPTUU KUCTU C MUKPOXUPYPTUUECKOI TeX-
HMUKO. Ha 3TOM mormpuiie oHa mposiBuiaa cebst Kak
IIpeKpacHbIl OpraHu3aTop U Mmeaaror, TAJTaHTAUBBIN
uccienoBaTelb UM TPaBMAaTOJIOT-OPTOIe[ BbICIIE
KBanuMduranyuyu. 3HaUNTENeH ee BKIaJ B MOATOTOB-
Ky Hay4HbIX KaJApoOB M Bpaueil otaeneHus. Ilog ee
PYKOBOJCTBOM BBITIOJIHEHBI M 3allMIlEeHbl 7 KaH-
IUOATCKUX [OUCCepTaluii, TOCBSIIEHHbIEe pa3inyd-
HBIM acClieKTaM XUPYPIUu KUCTU U MUKPOXUPYPIUU
KOHEUHOCTe.

JIro60Bb AHaTONBEBHA omybaMKoBaia 6omnee 180
MevyaTHBIX PaboT, B TOM 4MCJie TPU I[JIaBbl B HALU-
OHAJbHBIX PYKOBOJCTBAax MO TPaBMAaTOJOTUM U TIO
opToneguu, TPU MeTOoAuYecKue peKOMEeHAALUMU,

OJHO PYKOBOJZICTBO 1151 Bpaueit. OHa SIBJIsIeTCS COaB-
TopoMm 23 nateHTta PO Ha n306peTeHUs U 0JIe3HbIE
MOz eN.

ITpodeccop JI.A. PomomaHOBa SIBJSIETCS AEMCTBU-
TeJbHBIM ujeHoM OOIecTBa IJIACTUYECKUX PEKOH-
CTPYKTUBHBIX U 3CTETUYECKUX XUPYpProB Poccuiickoit
@enepanyy, ugeHoM Accolyaluy TpPaBMaTOIO0-
ros-opronenoB Poccun, O6iiecTBa XUpPyproB KUCTU
Poccuy, wieHoM 06GBEOMHEHHOTO MAMCCEPTALIMOH-
HOTO COBeTa MO TPaBMAaTOJOTUM U OPTOIEeAUM, CO3-
manHoro npu HMULL TO mum. P.P. Bpenena 1 BMenA
uMm. C.M. Kuposa.

3acryru npodeccopa JI.A. PomoMaHOBO BBICOKO
o1eHeHbI rocygapctBom: B 2008 T. eii 6b1J10 ITPUCBOEHO
TOYEeTHOE 3BaHMe 3aCIyKeHHOro Bpaua Poccuiickori
depepauyn.

PenkocTHOe Tpymono6ue, IUPOKUI Hay4YHBINA
Kpyrosop, OesyIpevHast XUpypruueckasi TeXHUKa,
BBICOKOE Tleflarormyeckoe MacTepCTBO, MPUHIIUIIU-
aJbHOCTb M YYTKOCTb K KoOJIeTaM I10 paboTe, yua-
IIMMCS U TTAlMEeHTaM 3aCTy>KeHHO CHUCKAIM TIIy0o-
Koe yBaskeHMe K JIlo60BM AHaTo/beBHe. Biarogaps
ee MHOTOJIETHUM yCuausM 16-e oOTHe/ieHUe Xu-
PYPTUM KUCTU C MUKPOXUPYPTUYECKON TEeXHUKOI
HMUL, TO um. P.P. BpeneHa saByiseTcs B HacTos1ee
BpeMsl OJHUM M3 CaMbIX KPYITHBIX ¥ aBTOPUTETHbIX
B Hallleli CTpaHe IeHTPOB OKa3aHMUSI BbICOKOTEX-
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HOJIOTMYHO} MOMOIIM TallMeHTaM C pa3IMUYHbIMU
TpaBMaMMu ¥ 3a60IeBaHUSIMU HE TOJIbKO BEPXHE, HO
U HMDKHEN KOHEYHOCTHU.

ITog pykoBoacTBom JI.A. PogoMaHOBOM B KIMHU-
YeCKyI0 MPaKTUKY YCIeIIHO BHeAPSIOTCS Moc/ieqHMe
IOCTVKeHUST HayKu, HOBeiIe MeTOOUKU AMarHo-
CTUKM ¥ JieueHUs. Bce COTpYyOHUKM OTHENIEHUsT 00-
JIaJaloT HaBbIKAMU MUKPOXUPYPIUUECKON TEeXHUKMU,
MMO3BOJISIIOIIMMM MM OKa3blBaTb KaK HEOTIOKHYIO
MUKPOXUPYPTUUECKYIO IIOMOIIb MOCTPaAaBUINM, TaK

U TIPOBOAUTH CJIOKHbIE TIJIAHOBblE PEKOHCTPYKTUB-
Hble OIepanuuyu IO0 IepecasKe KpPOBOCHAOGKAEMBIX
KOMIIIEKCOB TKaHEN. BOJbIIMHCTBO CHENUaJuCTOB
oTneneHusi BMecTe cJIl060BbI0 AHATOILEBHOV TPUHU-
MaloT aKTMBHOE yJacTue B HayuHoli pabore IleHTpa,
BBITIOJIHSIIOT IMCCEPTALMOHHbIE MCC/IefoBaHMs, T/1a-
HOBble ¥ TIOMCKOBbIEe Hay4YHO-UCCAe0BaTelbCKUE
paboThl, BHICTYIAIOT C AOKJIaAaMM Ha KOHDEPEHIMSIX,
OPTaHM3YIOT ¥ IIPOBOAST TEMATHUUECKIME 0OyUaroIye
LIMKJIbl YU MacTep-KIacchl.

Pykosodcmeo u konnekmue HMUIL] TO um. P.P. BpedeHa, a maxxce pedaxkuyus xypHana cepdeuHo no3opasisiom
npogeccopa Jlrb6osb AHamobesHy Podomanosy ¢ robuneem, UCKpeHHe Hceaarm eli Kpenkozo 300p08bsl, HU3HEHHO020
61azonosyyus, 0albHelwux HayuHslx 0ocmuxieHUll U ycnexog 8 KauHuueckoli pabome 80 61az0 300p08bs HAULUX

nayuenmos!
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