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Pedepar

Lenv uccredosanust — oNpPeNesUTh JTOKATU3AIMIO KOCTHBIX TYHHEJIE Mocje PEKOHCTPYKINHY MiepejiHell KpecTooOpas-
Holi cesasku (ITKC) ¢ npumeHeHreM TPaHCTHOMAIBbHO TEXHUKU U OLEHUTh BJIMSIHUE UX MOJIOKEHMs Ha KIMHUYECKUE
pe3yJIbTaThl JICUEHMS.

Mamepuan u memoovi. BbLio MPOBEIEHO KIMHUKO-Ty4eBoe 00c/efoBatre 54 ManneHToB B CPOKHM OT 25 110 57 Hepl.
nocse TpaHctubuanbHol pekoHcrpykuuu IIKC ¢ ucnosbzoBaHueM TpaHCIUIAHTATA U3 CYXOKUJIUE MOAKOJEHHbIX
Mol CocrositesbHocTh TpaHciuiantara IIKC oneHuBaiyn 1o AaHHBIM MarHUTHO-Pe30HAHCHOW Tomorpaduu. Jlo-
KaJIN3a1lMI0 KOCTHBIX TYHHEJEH ONPe/esIsii METOJOM KOMIIBIOTEPHOI TOMOTrpauu ¢ TPEXMEPHOI PEKOHCTPYKIIUEH.
Jliist cyObeKTHBHOI OIIEHKY Pe3yJIbTaTOB OlePaTUBHOTO JICYEHUS UCTIOJIb30BaIM Kajbi-onpocHuku [IKDC-2000, KOOS
u Lysholm. /[jist olleHKH niepeiHe3aHero 1 POTAMOHHOTO CMEIEHNUS TOJIEHH OTHOCUTENBHO Oejipa TPOBO/IIIIN MaHYy-
AJIbHbIE TECTBI «[IEPEIHET0 BBIIBIKHOTO sINKay, Jlaxmana u pivot-shift, a Takske BbIIOTHSAIN apTPOMETPHUIO KOJIEHHOTO
cycrasa. [laieHTsl ObLIN Pas/esieHbl Ha [BE IPYIIbl B 3aBMCUMOCTU OT MOJIOKEHUS HeHTPa GeIPEHHOTO TYHHEIS 110
OTHOIIIEHUIO K JIATePAIbHOMY MeXRMbIiekoBomy rpebuio (JIMI). K 1-ii rpymiie 6111 OTHECEHBI MAIlUEHTbI, § KOTOPbIX
HeHTp GeIpeHHOro TYyHHe s pacioaarajics kiepeau ot JIMT, ko 2-it rpynie — B 3one JIMI.

Pesynvmamuot. TTo nanubim KT 66110 BbisiBIIEHO, UTO GOJIbIIEOEPIIOBBIA TYHHEIb Y NAIUEHTOB 00€MX TPYIIT PacIo-
Jlarajicst B npejeiiax cpeiteil wiu 3agHeil tpetu 3oubl npukpeivienust IIKC. Lenrp Genpennoro tyHuesst y 32 60Jib-
ubIx (59%) 6bL1 pacrosnoxen kiepeau u Bie 30HbI JIMT (1-s1 rpynna), y ocranbubix 32 (41%) — B MpOKCHMATbHOM
vyactu JIMT (2-s rpynna). [Ipu cyObeKTUBHOI OLIEHKeE T10 HMIKaIaM-OlpPOCHUKaM (oJiee BBICOKUE TT0Ka3aTesu OblI Bbl-
siBsienb! 110 1kase Lysholm. ITpu o6bekTuBHOM 06C/Ie10BaHIN OBLIN OOHAPYKEHBI CTATUCTUYECKU 3HAYNMbIE PA3JINY S
Mesxy rpymmamu. Tak, B 1-if rpynmne y 78% nanneHToB BBIABUJINCH MOJOKUTENbHbBIE PE3YIBTATHl MAHYAJTBHBIX TECTOB
1ePBOii UJIM BTOPOIl CTEIEHH, TOT/IAa KAK BO 2-I rpyIIle aHAJIOTHYHbIE CUMIITOMbBI OIIPEIEISIUCh JUlb Y 32% GOJIbHBIX.
ITo manubiv utorosoii onenku IKDC-2000, k kateropun A 6b11u otHecenbl 19% marmenTtos us 1-i rpyrmst u 64 % us 2-1,
octasbHble 60JbHBIE 06EX IPYIIT COOTBETCTBOBAIM KaTeropusiM B i C.

3axmouenue. Tpanctubuanbas texuuka pexoHcerpykiuu [IKC ¢ ucnonb3oBaHueM TpaHCIUIAHTATA U3 CYXOMKUIMN
MOJIKOJIEHHBIX MBI y GOJIBIINHCTBA TAIIUMEHTOB HE TI03BOJISIET PACIIOJIOKUTh OEIPEHHBII TYHHEJIb B aHATOMUYECKO
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Effect of Bone Tunnels Positioning on Outcomes of Transtibial Anterior
Cruciate Ligament Reconstruction

S.A. Bantser!, A.P. Trachuk!, O.E. Bogopol’sky !, R.M. Tikhilov*?2,
L.V. Sushkov !, E.Ya. Murga'

" Vreden Russian Research Institute of Traumatology and Orthopedics
8, ul. Akad. Baykova, St. Petersburg, 195427, Russian Federation

2 Mechnikov North-Western State Medical University
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Abstract

Purpose of the study — to evaluate position of bone tunnels after transtibial anterior cruciate ligament reconstruction
(ACLR) and to determine the relationship of outcomes on their localization.

Material and methods. 54 patients in follow up from 25 to 57 months after transtibial ACLR with hamstring tendons.
In all patients was performed magnetic resonance imaging (MRI) to evaluate structure of graft. Bone tunnels localization
was determined by computed tomography with three-dimensional reconstruction. Subjective score evaluation was
performing by scales IKDC-2000, KOOS, Lysholm. Knee laxity was measured by anterior drawer, Lachman, pivot-shift
tests and with arthrometr. Patient was separated in groups depending on the localization of the femoral tunnel for lateral
intercondylar ridge (1 group — center of femoral tunnel in front of the LIR, 2 group — in zone of the LIR).

Results. Tibial tunnel position in both groups of patients was the same and localized in central or back third of the
footprint. The center of femoral tunnel in 32 patients (59%) was localized in front of the LIR (1 group), in other 22
(41%) — in proximal part of LIR (2 group). Clinical results show statistically significant differences between groups
in knee stability and IKDC-2000. In 1 group 78% patients have knee instability grade 1 or 2, while in 2 group similar
symptoms was in 32% patients. IKDC-2000 grade A were attributed 19% patients from 1 group and 64% from 2 group,

rest of them was grade B or C.

Conclusions. Transtibial anterior cruciate ligament reconstruction with hamstring tendons in most patients did not
allow anatomical femoral tunnel placement. Clinical outcomes were much affected by the localization of bone tunnels.

Keywords: anterior cruciate ligament, knee stability, knee arthroscopy.
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BBenenne

DopmupoBaHue KOCTHBIX TYHHeJeH B 30HaX
IPUKPEIIEHUS TIePeHell KpecTooOpasHOl CBs3-
ku (ITKC) sBasieTcss OCHOBHBIM yCJIOBUEM ycIiexa
ee pekoHcTpykiuu [1-4]. Ha ceromusammanii 1eHb
TpaHcTHOMAIbHAsT TeXHIKA (hOPMUPOBAHUST KOCT-
HBIX TYHHEJeH MHUPOKO MCIOIb3yeTCsl XUPYpPraMu
[5-7]. Onnako MHOTHE aBTOPHI YKa3bIBAIOT Ha TO,
YTO 9Ta TEXHUKA He BCerja I03BOJIIET pa3Mec-
TUTH TPAHCIJIAHTAT B 30HaX npukperienus [TKC
[8-10]. B pesyabrate (opmupyercs BepTHUKAIb-
HOE TIOJIOKEeHMe TPAHCILJIAHTATA, YTO He TT03BOJISIEeT
MIOJTHOIIEHHO BOCCTAHOBUTH OUOMEXAHUKY KOJIEH-
Horo cyctaBa [11]. ¥ 3HauuTesbHON YacTh maiu-
€HTOB COXPAHSIETCSI OCTATOYHAsT HECTAOUIBHOCTD
KOJIEHHOTO CYCTaBa, KOTOPast ClIOCOOCTBYET Pa3BU-
THIO TIOCTTPaBMaTU4YeCcKoro octeoaprposa [12—-14].

J17151 IOBBIIEHUS TOYHOCTY TIO3UIIMOHN POBAHUS
KOCTHBIX TYHHEJEeW W YJIy4lleHWs KJINHUYEeCKIX
pe3yJIbTaTOB MHOTHME XUPYPTU CTald HMCIOJb30-
BaTbh TEXHMKY HE3aBUCHMOTIO CBEpJIeHUs TyHHeJel
[2, 3], a HEKOTOpBIE MCCIEI0BATETN TPEAJIOKUIN
YCOBEPIIEHCTBOBATh TPAHCTHOMATBHYIO TEXHUKY
mytem GoJiee KOCOTO HarpaBJieHust 60JibiebepIo-
Boro tyuuens [15—17]. IlpeumyiectBa TexXHUK

HE3aBUCHMOTO CBEPJICHUs TYHHeJeil 000CHOBAaHBI
B OCHOBHOM B 9KCIIEPUMEHTAIBHBIX aHATOMO-O10-
MeXaHUYecKnx uccaenoBanugax. OpHako cpas-
HUTEJbHBIN aHAIN3 KJIMHUYECKUX WCXON0B He
MTOKa3bIBAeT CYINeCTBeHHbIX pazynunii [18, 19].
[Toaromy B 2015 r. AMepuKaHcKasi akaJieMus Xu-
PYProB-OpTOIIe/IOB ITPU3HAJA, YTO JIJI BOCCTAHOB-
sennd [TKC xupypr MmokeT UCIIOIb30BaTh KaK He-
3aBUCUMBIN, TaK M TPAaHCTUOMANbHBIN TOCTYII IJIs1
dbopmuposanus OeaperHoro Tyuuess [20].

Ilens uccaenoBaHusa — OIpeeTUTD JOKAIN-
3alMI0 KOCTHBIX TYHHEJe# mmocjae TpaHcTuOu-
aspHOM TexHuku pexkoHcTpykuun IIKC u ore-
HUTDH BJWSIHUE UX TIOJIOKEHUS HAa KIMHUYECKHUe
pe3yJIbTaThl.

Marepuaja u METOIBI

BT TIPpOBEIEHO KIMHUKO-JTyIeBOe 00C/Ie10Ba-
HUe 54 TaIMeHTOoB, MPOOIIEPUPOBAHHBIX B TIEPHO/L
¢ 2012 o 2014 r. ¢ ucnosb30BaHUEM TPAHCTUOM-
anbHOI Texuuku pekorctpykiuu [TKC. Cpean 06-
cienyeMbix 0110 44 (81%) mysxunnst u 10 (19%)
JKeHTITUH B Bo3pacTe oT 19 10 44 siet (cpepHuii BO3-
pact — 28,5+0,8 zer). Ileprox HabIIOAEHNS TTOCTIE
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oTIepaIfy COCTABJSI OT 25 10 57 Mec. (B cpenHem
41,1+1,0 mec.). XapakTeprcTHKa TAIMEHTOB MPeJi-
crassena B tabsmie 1.

B uccienyemyio BbIOOPKY BKJIIOYAIN MAIMEH-
TOB C HETOBPEKIEHHBIM CTPYKTYPHO-0(OpMIIeH-
HbIM TpaHcmmanTatom [TKC.

Kpurepusmu WMCKIIOUEHNST U3 WCCAETOBAHUS
OBLIN MHOKECTBEHHBIE TIOBPEK/IEHUS CBSI30K, BbI-
PasKeHHBIIT 0CTE0APTPO3, OCIeO0NePAIMOHHbIEC NH-
(bexrmonHbIe OCIOKHEHUS U MTOBTOPHBIE TPABMBI
C MTOJIHBIMY Pa3PbIBAMU TPAHCIIAHTATA.

Xupypeuueckas mexnuxa. B monmoxxeHnu maiu-
eHTa Ha CIWHE W3 CTAaHAAPTHBIX apTPOCKOTIYe-
CKHX JIOCTYTIOB TIPOM3BOMIIN y/IaJleHe OCTaTKOB
[TKC, a Takxe pe3eKInio MOBPEXIECHHBIX y4acT-
KOB MEHHCKOB. 3aTeM M3 KOCOTO pa3pesa JINHOM
4—5 CM BBIIETISJIN CYXOKUJIUS TOJIYCYXOKUJIb-
HOI M HEKHOU MBI, U3 KOTOPBIX (hDOPMUPOBAJIN
CYEeTBEPEHHBIN ayTOTPAHCIJIAHTAT JAMAMETPOM OT
7 10 9 mm. C ucnosib3oBanreM 60JIbIIEOEPIIOBOTO
nanpasuteass ACUFEX DIRECTOR Drill Guide
(Smith & Nephew) mpoBomIv OpHEHTUPYIOLILYTO
CIIUILY B MEMAIbHOM MbIIIEJIKEe GOJIBIIeOepIIOBOil
KOCTH TIOJl YTJIOM 35° B CAarUTTAJIbHOI MJIOCKOCTH

(puc. 1a) u oz yraom 40° Bo hpoHTANBHON TLITO-
ckoctu (puc. 1b). CepsoM COOTBETCTBYIOIIETO
muamerpa (OpMUPOBATIN TYyHHeEJNb, 4Yepe3 KOTO-
phIll 3a 3ajJiHE-BEPXHUN Kpall JaTepajbHOTO MbI-
meska 6expennoii kocru (JIMBK) ycranasivBa-
s Harpasutesib Endoscopic Femoral Aimer Arm
(Smith & Nephew) ¢ BoiHOCOM 5 MM, OpHeHTHDYST
€ro B MaKCUMAaJbHO BO3MOXKHOM KOCOM IIOJIOKe-
Huu nipuMepHo Ha 10 9 30 mun (13 u 30 MuH) yc-
JoBHOro 1mdepbiata. [lo HampaBisioONeld cruie
CBEPJIOM COOTBETCTBYIOIIETO auamerpa GopmMupo-
Basi KocTHBI TyHHenb B JIMBK. 3arem Tpanc-
IaHTaT GUKCUPOBAIN B OEIPEHHOM TYHHEJE TIPH
oMot OuogerpagupyeMprx 1mtugtos RigidFix
(DePuy Mitek) u B GosbliebGepiioBoM TYHHEJE
C WCHOJIb30BaHWeM WHTepGhEPeHTHOro Ouomerpa-
mupyemoro Bunta Milagro (DePuy Mitek).

Knunuuecxoe o6ciedosanue. OcMoTp naiyeH-
TOB MPOBOJUJIN B OYHOI (hOopMe B CPOKU OT 25 710
57 Mec. ToCJIe OTIEPATUBHOTO JieYeHusT (B Cpe/iHeM
gyepe3 41,1+1,0 mec.). [last cyObeKTUBHOI OIleH-
KU Pe3yJIBTaTOB ONEPATUBHOTO JIEUEHUST UCIOJIb-
3oBasn mkagbl-onpocauku [KDC-2000, KOOS
u Lysholm.

Tabruya 1/Table 1

XapakTrepucTuKa NaueHTOB
Patient demographics

[Ipusnax 1-s1 Tpymma 2-s rpymia p
KosmuectBo 22 —
[Ton Mysxanabr — 26 Mysxanabr — 18 —

Kemmmmaer — 6

JKenmmmnr — 4

Bospacr, sier 27,7+0,9 29,8+1,3 0,180
ITepuoa HabJrOKEH S, MeC. 41,2+1,2 41,0+1,0 0,904
Jluamerp TpaHcIIaHTaTa, MM 7,7+0,1 7,8+0,1 0,460

Puc. 1. ITocseoneparonubie
PEHTTeHOTPAMMBI KOJIEHHOTO
cycrasa: 60J1bIeOePIOBbIiT
KOCTHDIH TYHHEJID,
c(hOpPMUPOBAHHBII MO
YIJIOM 55° B CaruTTaabHOI
I0cKocTH () U MOJL YIJIOM
40° Bo ¢poHTAIBHOI
mockoctu (b)

Fig. 1. Postop knee X-ray:
tibial bone tunnel at 55°
in the sagittal plane (a)
and at 40° in the frontal
plane (b)
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[Tepennee cmerienne TOJEHWM OTHOCHUTETHHO
Gezrpa OTPeIeIsiI TIPU TOMOIIA MAaHYaJIbHBIX Tec-
TOB <IIEPeTHETO BBIIBUKHOTO AlKa» 1 JlaxmaHa.
KosmmyecTBeHHOE M3MepeHNe 1epeiHero CMeleHust
rOJIEHM OTHOCUTEILHO Oe/ipa TIPOBOUIIN € MCIIOJb-
30BaHKMEM apTpomeTpa (TaTeHT Ha W300peTeHue
Ne 2336816 ot 23.11.2006) nipu crubGaHuu B KOJIEH-
HOM CyCTaBe MOJI YTJIOM 25° 1 MaKCUMaJIbHOM MaHy-
aJIbHOM ycwinu. PoTaloHHOe cMelieHue ToJIeHN
OTHOCHUTENILHO Oe/ipa OIIEHUBAJIN C TOMOIIIO TECTA
pivot-shift. Bee nccireoBanust mpoBovIN B CpaB-
HEHWW C HETIOBPEKIEHHBIM KOJIEHHBIM CYCTABOM.

Ouenxa mpancnaanmama IIKC. [lns onpenee-
HUS TIeJIOCTHOCTH W CTPYKTYPHBIX 0COOEHHOCTEH
tpanciiantara [IKC ananmusupoBanm jaHHBbIE
MarHuTHO-pe3oHaHcHoi Tomorpaduu (MPT) ko-
JIEHHOTO CyCTaBa Ha CBEPXBBICOKOIOJBHOM aIl-
napate Siemens Verio 3,0 Tecna. WccienoBanme
BbINTONIHAM B caruttanmbHol (T2 TSE, PD+FS
TSE pexnmax), xoco-caruttambhoir (T2 TSE),
dpoutamproit (PD+FS TSE) u koco-akcuanbHO
(T2 TSE) npoexkiusax. B uccienyemyio BoIGOPKY
BKJTIOUQJIN TIAITMEHTOB C HETIOBPEKICHHBIM CTPYK-
TypHO-o(opmaeHHBIM TpaHcmianTtatom [TKC.

Ouenxa nonodcenuss Kocmuwvlx mynueneu. Jlus
oTpe/iesIeHNsT JIOKAJIM3AINU KOCTHBIX TyHHeJel
BBIIIOJIHSAIM  KOMIIBIOTEPHYIO TOMOrpauio Ko-
JIEHHOTo cycrtaBa Ha ammapare Toshiba Aquilion
Prime (64 cpesa) ¢ mocienyioleil TpeXMePHON
PEKOHCTPYKIMEH u  06pabOTKOIl  Pe3yJIbTaToB
B mporpamme OsiriX MD 7.0.

[Tososxkenue meHTpa OOJBITEGEPIIOBOTO TYHHE-
JIsl pPAaCCUUTBIBAJIN 110 METO/ly aHAaTOMUYECKUX KO-
OP/IMHATHBIX Oceil B nipotieHTax [21] (puc. 2).

[TocJie mosryyenust cTporoil GOKOBOI MPOEKIIUN
BHyTpeHHeil moBepxHoctu JIMBK B mosoxkennn
crubaHus B KOJIEHHOM cycTaBe 1o/ yriiom 90° ore-
HUBAJIN TIOJIOJKEHWE TIeHTpa OeJPEHHOTO TYHHEJIS
OTHOCUTEJIbHO JIaTePAJIbHOTO MEKMBbIIIEIKOBOIO
rpebust (JIMI'), KOTOpbIii sIBJIsIeTCS IIepeiHeit rpa-
nureii npukperyienuss IIKC Ha GexpeHHO KOCTH
[22]. TlockombKy TMOTyYeHHBIE TOMOTPAMMBI He
MO3BOJIJIM HaM 4eTKO Busyajausuposarbh JIMI,
Mbl pasMeyaJd ero I'PaHUIlbl IIyTeM II0CTPOEHUS
nepreHuKyJisgpa Ha paccTossHuu ot 7 10 10 MM ot
XpsIia 3aIHeTO Kpas MeluaJbHON TOBEPXHOCTU
JIMBK (puc. 3), 94To COOTBETCTBYET M3BECTHBIM
TAHHBIM O eTo Tomorpadun [23, 24].

Puc. 2. Pacuer noJsioskeHust 60J1b11e6epiioBoro TyHHESE METOI0M
AHATOMUYECKUX KOOPIMHAHTHBIX OCEIl:

0Cb d — JTMHUS, HAYUHAIOMASCS OT MEPEIHET0 U 3aKAaHYUBAIOIIASICST

y 3aJ[HETO Kpast IIaTo O0JIbIe6GePIoBOil KOCTH;

0Cb @ — JIMHWSL, HAUMHAIONIASACS OT MEAUATBHOTO 1 3aKaHIUBAIOTIASACS
y JIaTepasbHOTO Kpas 1maato 60bue6epoBoil KocTr

Fig. 2. Estimation of tibial tunnel positioning by the anatomic
coordinate axes:

axis d — line starts from the anterior border and ends at the posterior
border of tibial plateau;

axis w — line starts from the medial border and ends at the lateral
border of tibial plateau

Puc. 3. Pasmerka nonosxxenus JIMI: 3agneit rpanuiibl (3e1eHble TOUKH )
Ha PACCTOSTHUH 7 MM W TlepeHe rpaHuIlbl (KpacHble TOUKH )

Ha pacctostnuy 10 MM OT XpsIIIa 3a/{Her0 Kpast MeJIMaIbHON TOBEPXHOCTH
JIATEPAIbHOTO MBIIIEKA Oe/IPEHHOI KOCTH

Fig. 3. Marking of LIC position: posterior edge (green dots) located at

distance of 7 mm and anterior edge (red dots) located at distance of 10 mm
from the cartilage of the posterior margin of the lateral femoral condyle
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[TanmenTsl OBLIM Pas/esieHbl Ha J[BE TPYIIIbI
B 3aBMCHMOCTH OT MTOJIOXKEHUST eHTPA Oe/IPEHHOTO
TyHHeJid 110 oTHotennto K JIMIL K 1-ii rpyrie oT-
HOCHJIU TIAI[EHTOB, Y KOTOPBIX IIEHTP OeIPEHHOTO
TYHHeJISA paciojarajics Knepeau u Bue 30061 JIMT
(puc. 4a). Bo 2-10 rpymniy BroYanu OOJbHBIX,
Y KOTOPBIX IIEHTP OeIPEHHOTO TYHHEJIST ObLI B 30HE
JIMT (puc. 4b)

I8 KOJM4ecTBEeHHOTO  Ompe/les/IeHusl  JIoKa-
Ju3anuu - OeJIPEHHOTO  TYHHENSI  UCIIOJb30BAIH
KBajpaHTHBIN Meton Depuapma u Xeprems [25]

(puc. 5).

Cmamucmuueckuil anaaus. Ilosydennsie B Ipo-

ecce unccaeloBaHusd KIMHUYECKUE PE3YJIbTaTbl

00pabaThiBa € WCIOJTH30BAHUEM TIPOTPAMMBI
STATISTICA 10. YacroTHble XapaKTePUCTUKH
KaueCTBEHHBIX II0Ka3aTeseil CpaBHUBAJIU C WC-
10JIb30BaHNEM HelapaMeTpPHuecKUX MeTO/0B )’
x? ¢ mompaBkoii Metca (/1711 MaJIbIX TPYIIT) U KPH-
tepuss Duinepa. [l aHanmnsa KOJIMYECTBEHHBIX
mapamMeTpoB B MCCJIELyeMbIX TPymHmax MpPUMeHs-
Ju Kputepun ManHa — YWTHU, MeIUAHHBIN XU-
kBazipaT 1 Moaysib ANOVA. OrieHKy u3ydaeMbIxX
nokasatesieil B JMHAMUKe IPOBOAMJIA C IOMO-
IIbI0 KPUTEPHS 3HAKOB U KpUTepusi BUIKOKCOHA.
Kpurepuem cTaTUCTUYECKOW 3HAYUMOCTH TIOJTY-
YaeMbIX BBIBOJOB MbI CUUTAIN OOUIETIPUHSTYIO
B MeuirHe Bemunny p<0,03.

Puc. 4. [Tonoxenne
neHTpa 6epeHHoro
TYHHEJISI KIIepe/u

ot JIMT (a),

B 30ne JIMT (b)

Fig. 4. Femoral tunnel

positioning in front of
LIC (a), in zone of LIC

(b)

Puc. 5. Ouenka jiokanusanuu 6eIpeHHOTO TYHHEJIS ¢ UCIOJIb30BaHUEM
KBazipaHTHOTO Metozia Bepuapza u Xepress (1pu crubaHiy B KOJIEHHOM
cycrase oz yriaom 90°):

OCb ¢ — JINHU, IPOBE/ICHHA ITapaslIeJIbHO JTUHUN Blumensaat,
HAUMHAIOIASICS OT 33/THETO U 3aKAHUYNBAIOIIASICS Y TIePe/THEr0 Kpast
JIATePAJIbHOTO MbIIIeaKa GeIPEHHOTO KOCTH;

0Cb h — IUHUS, TIPOBEIeHHAs [IePIeHANKYISpHO JuHK Blumensaat,
HAUMHAIONIASICS OT KPBIIIA MEKMBIIIETKOBOI BBIPE3KH M 3aKAHYMBAIOIIASICS
Y HUZKHETO KPast JIaTePaIbHOIO MbIIIesKa Ge[PeHHOTrO KOCTH

Fig. 5. Femoral tunnel positioning by the Bernard and Hertel quadrant
method (90° of knee flexion):

axis ¢ — line parallel to the Blumensaat line, starts from the posterior margin
and ends at the anterior margin of the lateral femoral condyle;

axis i — line perpendicular to the Blumensaat line, starts from the roof

of the intercondylar notch and ends at the inferior margin of the lateral
femoral condyle
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Pe3syabratbi

ITo panubiv KT, npu onerke 60.1b1e6epIioBoro
TYHHEJIST METOJIOM aHATOMUYECKUX KOOPAWHAHT-
HBIX OCelf, ero TeHTp y NanueHToB 1-i rpymis! pac-
noJiarasicst B 46,5+1,0% ot mepeaHero Kpasi miato
1o ocu d B 45,6£0,3% 0T MeMaIbHOrO Kpas I1J1aTo
110 OCH @. Y TalMeHTOB 2-1 IPyIIbl 60JIbIIeOepIio-
BbIIl TYHHEb pacnoiaraics B 46,4+1,1% ot nepen-
Hero Kpas 1maTo 1o ocu d u B 45,2+0,4% ot meau-
aJTBPHOTO Kpas IaTo 1o ocu @. CTaTucTuaecKuit
aHAJM3 He BBIABUJ 3HAUYUMBIX PA3TUIMH MEKITY
IPyIIIaMU B TIOJIOKEHUU O0JIbIIeOEpIIOBOTO TYH-
Hesid. B cooTBETCTBUM ¢ M3BECTHBIMU JTAHHBIMU
o Jokasm3anuu 300el ipukpenienus [IKC, mpak-
TUYECKU Y BCEX TAIMEHTOB IEHTP OOJIbiebepIo-
BOTO TYyHHEJIsT ObLI B TIpe/esiaX CPeiHei Wi 3a1-
Heli ee Tpetu [21, 26].

[lentp Gexpentoro TynHens y 32 (59%) narm-
eHTOB OBLT PACIIOJIOKEH KIlepe/ I 1 BHe 30Hb1 JIMT
(1-s rpymmna), y octanbubix 22 (41%) nanueHToB —
B pokcuMasbHON yactu JIMT (2-g rpymnma). B nc-
CJlelyeMBIX TPYTITIax HaM He yIaJI0Ch OOHAPYKUTh
HU OJTHOTO TIAIMEHTa, Y KOTOPOTO IEHTP OepeHHO-

ro tynnesst Obut Ob1 o3aau JIMI. Jlokanusarust
IIeHTPOB OEePEHHBIX TYHHEJIEH I10 OTHOIIEHUIO
k JIMTI nipescraBiena Ha pucyHke 6.

ITpu cratucTYecKOM aHas3e ObLIH BbISIBJICHDI
3HAUMMbIE PA3JIUUM B JIOKAIU3AIUU OeIPEHHOTO
TyHHesis. Tak, B 1-11 rpymime pacctosiHue oT xpsiia
3a/lHEr0 Kpas MeauasibHon rnosepxHoct JIMBK
110 1ieHTpa 6epeHHoro TyHHesst 6110 13,1£0,7 M,
ToT/1a Kak Bo 2-1 rpymme — 9,2+0,4 mMm. [Ipu orenke
HOJIOKEHVST OEJIPEHHOTO TYHHEJISI C MCIIOJIb30BaHNU-
eM KBa/[PAaHTHOTO METO/[a ObLIO BBISIBJIEHO, UTO Y TIa-
1uenToB 1-if rpymiel oH pacrosarasucs B 43,4+0,6%
ot 3axHero kpast JIMBK 1o ocu ¢t u B 14,8+£0,9% ot
BepXHero Kpas MefnasibHol 1noBepxHoctu JIMBK
10 ocu . Bo 2-ii rpyrmimie 1ieHTp OeipeHHOTO TYHHEISI
naxozuics B 34,4%0,8% ot 3agnero kpast IMBK 1o
ocu t u B 17,8+0,8% 0T BepxHero Kpast MeIuaIbHOI
nosepxHoctu JIMBK 1o ocw A.

[To pesynbratam ananuza MP-tomorpamm
y TMaIMeHToB 00X TPYIIN BU3YaTU3UPOBATIH OJI-
HOPOJIHBIH, 3PEJIbIi, CTPYKTYPHO-O(DOPMIEHHBIH
tpanciantat IIKC 6e3 npusHakoB HoBpex/e-
nus (puc. 7).

Kimnnyeckylio yacTb uccieloBaHus IIPOBOIUIN
B CPOKHU OT 25 710 57 Mec. 110cJie orepariuu (B cpef-
Hem uepe3 41,1£1,0 mec.), ucnosb3ysi U3BeCTHbIE
ynxmmonagpabie mKamgb-onpocHukr [IKDC-2000,
KOOS u Lysholm. Boiiee Bbicokue cyObeKTUBHbBIE
pe3yJIbraThl oreparnuu ObLIM BBISIBJIEHBI Y Tallu-
€HTOB 2-i1 TPYIIIbl, O/IHAKO CTAaTUCTUYECKU 3HAUU-
MBIMU OHM OKa3aJIMCh TOJIBKO 1O mikage Lysholm.
Pesysbratel orepatuBHOTO JieYeHHWsT 110 JTAHHBIM
IIKAJI-OIIPOCHUKOB IIPEe/ICTaBJIeHbI B Tabuiie 2.

Puc. 6. [Tosoxenue 1eHTpoB OePeHHBIX TYHHE el

(xpacHble TOYKH — 1-5 rpyIna nanuenToB, 3eJeHble — 2- IPyTINa)
Fig. 6. Positioning of centers of femoral tunnels

(red dots — 1st group, green dots — 2nd group)

Puc. 7. MP-tomorpamma
HETOBPEKIEHHOTO U CTPYKTYPHO-
odopmienHoro Tpanciranrara [IKC
B KOCO-CATUTTAJIbHOI (a)

u pponTanbhoii (b) mpoeximax

Fig. 7. MRI of the intact

and structured ACL graft

in sagittal-oblique (a) and in coronal
(b) views
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B 1-ii rpymirie ManyasibHbIE TECTBI «TT€PETHETO BbI-
JIBUZKHOTO siuKay u JlaxmaHa ObLIM OTPHUIIATEb-
ueiMu y 10 marmenTos (31%), mepBast crernenb Oblia
BoisiBiieHa Y 13 (47% ) maIiieHToB, BTOPasi CTeleHb —
B OCTaJIbHBIX 7 (22%) caryuyasix. Bo 2-1i rpy1ire TecTb
6L oTpHIaTeIbHBIMU Y 15 (68% ) marneHToB, mep-
Bas cTerneHb Oblia BbisiBIeHa y 6 (27%) nalneHTos,
BTOpast cTereHb Oblia onpezesieHa B 1 ciaydae (5%).
[To pesymbratam apTpoMeTpUM KOJEHHOTO CyCTaBa
OBbLIIO BBISIBJIEHO YBEJMYEHUE TEPEHETO CMelIle-
HUS TOJIEHU OTHOCUTEIbHO Geapa Ha 2,4+0,4 MM 110
CPaBHEHUIO CO 3/I0POBOI CTOPOHOH y TAITMEHTOB
B 1-it rpymme u nva 1,2£0,3 MM Bo 2-if rpyme.
B 1-it rpymmie pivot-shift Tect 6b11 OTpHIIATETBHBIM
y 7 (22%) mareHToB, mepBast cTereHb Oblia 0OHa-

py:kena y 15 (47%) manueHToB, BTopasi cTeleHb —
B octambhbix 10 (31%) cayuasx. Bo 2-ii rpynme
pivot-shift rect 6bur oTpHuIaTeaBHBIM Y 15 (68%)
MAIEeHTOB, TI€pBas  CTENeHb IPUCYTCTBOBAIA
y 5 (23%) narumenTos, Bropast crenieb — B 2 (9%)
ciydasix. Pe3ysibraThl MaHyaJIbHBIX TECTOB OLEHKU
ITKC npencraBienb Ha pUCyHKe 8.

[To nanubIM QYHKIMOHAIBLHOM IIKAJIbl OLIEHKU
kosienHoTo cycraBa IKDC-2000, cpean manunenToB
1-it rpymmbl kK Kateropun A (HopMa) ObLIM OTHECe-
ubl 6 (19%) 6osbHbIX, K B (6/m3K0 K HOpME) — 16
(50%), x xareropuu C (1moxo) — 10 (31%). Cpenn
MAIUeHToB 2-f TPYIIIbl K KaTeropuu A ObLIM OTHE-
cenbl 14 (64%) GosbHbIX, K Kateropun B — 6 (27%),
k kareropun C — 2 (9%) (puc. 9).

Tabnuua 2 /Table 2

CyObeKTHBHAS OllEHKA PE3YJIbTATOB ONEPATUBHOTO JI€UEHHUST
Subjective assessment of surgical treatment results

[Txana [Mopmkasmra 1-s1 Tpymima, n = 32 2-a rpymnma, n = 22 p
IKDC — 86,7+£1,6 (63,2-100) 91,2+1,6 (73,6—100) 0,062
Lysholm — 89,6+1,2 (79-100) 95,3%1,4 (75-100) <0,05
KOOS Bouab 94,5%1,1 (78-100) 97,3%£0,9 (86-100) 0,061

CuMITombl 91,2+1,4 (68—-100) 91,8+1,8 (68-100) 0,789
Oyukuysg B ObITY 98,2+0,6 (89—-100) 99,0£0,5 (90-100) 0,305
Crmopt 87,5+2,0 (65-100) 91,6+2,8 (55-100) 0,229
KavecTBo xuzam 76,7%3,0 (44—100) 83,7£3,2 (44-100) 0,125
Mpynna 1 Mpynna 2
% %

100 100

80 mo 80 L N0]

60 1+ 60 1+

40 m o+ 40 m o+

20 20

0 0

MB4A/Naxmax Pivot-shift

NMBA/NaxmaH Pivot-shift

Puc. 8. PesymbraTsl ManyaabHbix TecToB orfenkn [IKC B aByX rpymmax maimentos, p<0,05
Fig. 8. Evaluation of the knee stability with Lachman test and Pivot Shift Test (a —group 1, b — group 2), p<0,05

%

100
80 mA
60 B

40
HC

20

0

Mpynna 1

Mpynna 2

Puc. 9. Pagnuuns Mmexxay TpymiamMu 1Mo pe3yabraTam
(byHKITIOHATBHOI TIITKAJIBI OIIEHKN KOJIEHHOTO CyCTaBa
IKDC-2000, p<0,05

Fig. 9. Differences between the groups
by the IKDC-2000 knee examination, p<0,05
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Oo6cyskaenne

TpanctubnanbHast TexHUKa (HOPMUPOBAHUSI
KOCTHBIX TYHHeEJIell C WCIOJb30BAHUEM CYXOXKU-
JINI TIOZIKOJIEHHBIX MBITIIT /10 HACTOSTIETO BpeMEH!
OCTaeTCsI B apceHasie MHOTUX XUPYPTOB, TTOCKOJIb-
Ky OHA OTHOCUTEJBHO TPOCTa TEXHUYECKH, a TaK-
JKe TI03BOJISIET COKPATUTh OIEePAllMOHHOE BpeMs
[1,27,28]. OnHako sTa TEXHUKA HEPEJIKO TTPUBOIUT
K HeaHaTOMUYHOMY (BEPTHUKAJbHOMY) pa3Mellle-
nuio tpanciviantara ITKC, uro npossiisercs 60/1b-
MIOH /10JIeli TTAITNEeHTOB ¢ TPU3HAKAMM OCTAaTOYHOM
POTAIMOHHOI HEeCTAOUIIBHOCTH KOJIEHHOTO CyCTaBa
[11, 13, 14]. B To e BpeMs, IO MHEHUIO HEKOTOPBIX
aBTOPOB, GoJIee KOCoe T0I0KeHne 6OJIbIeOepIIoBO-
rO TYHHeJS WM WCIOJb30BaHWE TPAHCIJIAHTATOB
GOJIBIIINX [IMAMETPOB MOJKET CIOCOOCTBOBATH pas-
METIEHNI0 KOCTHBIX TYHHEJe B M30MEeTPUYECKON
vactu 30HbI pukperuienust [IKC [8, 15-17].

[Tepexos k TeXHUKaM HE3aBUCHMOTO CBEPJICHUS
TYHHeJIell JI0JKeH Oblil obeciiednTh Gojiee TOUHOE
pasmenienve Tpanciiantata [TKC B 3onax mpu-
KPeTIeHUs 1, CIeI0BATEIbHO, YIYIITUTh Ka4eCTBO
KJIMHUYECKUX UCXO/0B. [IpenmyiiectBa He3aBUCH-
MBIX TeXHUK (HOpMUPOBaHUs TyHHENeH ObLIM /10-
Ka3aHbl B OCHOBHOM Ka/[laBePHBIMU WCIBITAHUSMU
[4, 18, 29]. Onnako nsyvyenne KIMHUYECKUX PE3YJIb-
TaTOB HE MO3BOJIMJIO BBISBUTH 3HAUNMBIX Pa3/INInil
B MICXOJIaX TI0CJIE TPAHCTHOUATHHOM 1 HE3aBUCHMBIX
texuuk pexonctpykiu ITKC [5, 20, 30]. B cBsiau
C THM OTCYTCTBYET €IMHOE MHEHE 00 ONITUMAIBHOM
criocobe (hopMUPOBaHNUsT KOCTHBIX TyHHee [31].

Kpurepuem BKiItoueHUst B UCCae0BaHUE ObLIO
OTCYTCTBUE TPU3HAKOB TTOBPEKICHNUS TPAHCILIAH-
tata [TKC no ganueiv MPT. Takum 06pasom, Mbl
UMeJI BO3MOXKHOCTD OIIEHNBATh (DYHKIUIO CYXO-
JKUJTBHOTO TPAHCIIJIAHTATA B 3aBUCHMOCTH OT €O
MOJIOKEHMSI.

[IpoBeneHHbINl B pe3ysbrate HaNIEro UCCJIe/0-
BaHUS aHAJM3 CBUJIETEJIbCTBYET, YTO TPAHCTHOU-
albHasi TeXHUKA 00eCIedrBaeT MoJoKeHHe 6OJIb-
111e6epIioBOro TYHHEJSI B MPeJleax eHTPAIbHOI
v 3ajiHelt yactu 30Hb1 npukperienns [IKC. Itn
pe3yabTaThl COOTBETCTBYIOT MCCJIEIOBAHUSAM IPY-
rux aBTopos [10, 14, 15].

[Tpu ananmse JoKaaM3auu GePEHHOTO TYHHE-
Jis HaMU OBLIN BBISIBIEHBI CYIIIECTBEHHBIE PA3JIH-
YIS, YTO TOBJIMSJIO HA paclpeziesieHne TalueHToB
Ha rpyIibl cpaBHeHus. Vcrob3oBanme paroHasib-
HOI TpaHCTHOMAIBHON TEXHUKK ITO3BOJIMJIO JIUIIh
y uacti 60bHBIX (41%) 106UThCs pazmentieHus Oeji-
peHHoro TyHHess B 30He JIMI, uto smiib vactuaHo
cooTBeTcTBOBAJO 30He TipukperieHust [IKC, Torna
KaK y OCTaTbHBIX 59% OH ObLI BHE aHATOMUYECKOTO
mecta. [lepentsis yacth TyHHesst Ha Oexpe Bceraa
HaxomuiIach Knepean oT kpast JIMI, T.e. BHe mpo-
ekt 30HbI Tpukpernsieaus [TKC. Y mammenTon

2-i1 Tpy bl GeIPEHHBII TYHHEIb ObLI PaCIOJIOKEH
B npokcuMasibHoil yactu JIMI' (mmpoexiusa nepeji-
nemearanbaoro mydka [TKC), aTo cooTBeTcTBOBAIO
M30METPUIHON MTO3UTINN TpaHcTTanTaTa. [Ipu aTom
B KauecTBe Marepuasia jiid pekoncrpykiuu [TKC
HAMM MCIIOJIb30BAJICS TPAHCIIJIAHTAT U3 CYXOKUJIHI
MOJIKOJIEHHBIX MBIIIIIL, KOTOPbII UMeJ THAMEeTp OT
7 MM 10 9 mm. B 2016 1. S. Bhatia ¢ coaBropamu Ha
OCHOBAHWM Ka/IaBEPHOTO HMCCJIEIOBAHUS CIeJIATN
BBIBOJI, YTO TPAHCTUOMAIbHASI TEXHUKA TIO3BOJISIET
pa3MecTuTh OeIPEHHBIN TYHHETb B 30HE TPUKpPe-
mwieHug [IKC b 1pu MCnob30BaHUM CBEPJIA
ImameTpoM He MeHee 9 MM [8].

TTosutus TyHHe el B cpeHel Uiu 3aiHEN Tpe-
T 30HBI pukperienust [IKC Ha 6osbiebepiio-
BOIl M B IIPOKCUMAJIBHON YacT OeAPEeHHOI KOCTH
MPUBONIIA K BEPTUKAJIBHOMY MOJIOKEHUIO TPAHC-
nantara. [Ipu aTom, 1o JaHHBIM IPYTHX aBTOPOB,
BEPTUKAIBHOE MTOJIOKEHUE TPaHCIJIaHTaTa obectie-
YMBaeT XY/IIIYI0 POTAIMOHHYIO CTaOMIBHOCTD KO-
serHoro cyctasa [ 13, 14]. ITo raHHBIM JTUTEPATYPHI,
y 20—-50% mnanueHToB B OT/aJleHHbIE CPOKU TTOCJIE
TpancTOnaNbHO pekorcTpykimu ITKC ¢ wmc-
MOJIb30BAHNEM CYXOJKMJIUN TTOIKOJIEHHBIX MBIIIIII
BBISIBJISIETCST OCTATOYHAST HECTAOWJILHOCTDH KOJIEH-
HoTO cycrtaBa [32, 33]. B mamem wucciemoBanmmn
OTpUIIaTebHbIE PE3yJIbTAaThl MAaHYaJTbHBIX TECTOB
onerkn [TKC 6pumm st y 22 (41%) maiueHTos
u3 54, Torga Kak y octaabHbiX 32 (59%) manuen-
TOB OBLJIU BBISIBJIEHBI TOJIOKUTEBHBIE PE3YJIBTATDI
TECTOB IepBOU WK BTOpo crerneHu. [Ipu stom
pasuuusa B TOJOKEHUU OeIPEHHOTO TYHHEJIS
OKa3bIBAJIM 3HAYMMOE BJIMSIHUE HA CPEHECPOYHbIE
Pe3yJIBTaThI OIIEPATUBHOTO JiedeHust. B ciryyasx jo-
Kasmsaruu 6eipeHHoro TyHuesst B 3oHe JIMT Obuiu
HoJTy4eHbl OoJiee BHICOKME CYOBEKTUBHBIE OIEHKH.
[To pesysibraTam POBEJEHHBIX MaHYAJIbHBIX W UH-
CTPYMEHTAJIBHBIX TECTOB, B CJyYasix KOria OeipeH-
HBII TyHHEJb OBLIT pacrosiosker Krepeau ot JIMI,
Yaie BBISBJISUINCH CHUMITOMBI  HECTaOUIIbHOCTH
KOJIEHHOTO cycTaBa (78%), Tor/ia Kak IpH ero JIOKa-
suzaiuu B 3oHe JIMIT — sumib y 32% naruenTos.
E.E. Khalfayan ¢ coaBropamu B 1996 r. nmokazasmu,
4TO TIOJIOKEHE OeJPEHHOTO TYHHESI HA PACcCTOsI-
aru 60% u 6ouiee ot niepezrero kpas JIMBK napaii-
JeapHo JHun Blumensaat obecriednBasio Jrydinme
KJIMHUYECKUE PE3YJIBTaThl TIOC/Ie TPAHCTHOMATbHOIT
pexorcrpykrmu [TKC [12].

3akiaoueHue

TpancTrOMasbHast TEXHUKA C WCIOJIb30BAaHUEM
AyTOTPAHCIVIAHTATa U3 CYXOXKHUJINN TOAKOJEHHBIX
MBIIITIL He TIO3BOJISIET PACTIONIOKUTH OEIPEHHBIN TYH-
HeJib B 30He Tpoekiinu npukperiernst ITKC Gosee
YeM y MTOJIOBUHBI TIAIMEHTOB, YTO B CPETHECPOYHOM
nepuo/ie TPUBOUT K PA3BUTHIO CUMIITOMOB HECTa-
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OUIBHOCTH KOJIEHHOTO cycrasa. [[Jist 6ojiee TO4HOro
pasMelneHnsi KOCTHBIX TYHHeJell B 30He TpHUKpe-
mwaenns [TKC nenecoobpasHo UCIIONb30BaTh TEXHU-
KU MX HE3aBUCUMOT0 (hOPMUPOBAHISI.

Koundaukr uatepecosB: He 3asBJIeH.

Hcroynuk ¢QuHaHCHMpOBaHMS: UCCIIE0OBAHNE

POBEIEHO (€3 CIOHCOPCKOM MOIEPIKKH.
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