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1. Wykaz skrétéow

ACL — wiezadto krzyzowe przednie (ang. anterior cruciate ligament)

ACLR - rekonstrukcja wiezadta krzyzowego przedniego (ang. anterior cruciate ligament
reconstruction)

ALL — wiezadto przednio-boczne (ang. anterolateral ligament)

FCL — wiezadto poboczne strzatkowe (ang. fibular collateral ligament)

IKDC - kwestionariusz Miedzynarodowego Komitetu Dokumentacji Kolana (ang. the
International Knee Documentation Committee)

ITB — pasmo biodrowo-piszczelowe (ang. iliotibial band)

KOOS — kwestionariusz Urazéw Kolana i Choroby Zwyrodnieniowej Stawdéw (ang. the Knee

Injury and Osteoarthritis Outcome Score)

KOOS-pain — subskala bdlu kwestionariuszu Urazéw Kolana i Choroby Zwyrodnieniowej
Stawéw(ang. the Knee Injury and Osteoarthritis Outcome Score pain subscale)

KOOS-symptoms - subskala objawéw kwestionariuszu Urazéw Kolana i Choroby
Zwyrodnieniowej Stawow (ang. the Knee Injury and Osteoarthritis Outcome Score symptoms
subscale)

KOOS-ADL - subskala funkcjonowania na co dzien kwestionariuszu Urazéw Kolana i Choroby
Zwyrodnieniowej Stawow (ang. the Knee Injury and Osteoarthritis Outcome Score function in
daily living subscale)

KOOS-sport - subskala aktywnosci sportowej i rekreacyjnego kwestionariuszu Urazéw Kolana
i Choroby Zwyrodnieniowej Stawéw (ang. the Knee Injury and Osteoarthritis Outcome Score
function in sport and recreation subscale)

KOOS-quality - subskala jakosci zycia w oparciu o stan kolana kwestionariuszu Urazow Kolana
i Choroby Zwyrodnieniowej Stawéw (ang. the Knee Injury and Osteoarthritis Outcome Score
knee-related Quality of Life subscale)

LET — tenodeza boczna zewnatrzstawowa (ang. lateral extra-articular tenodesis)

Lysholm — kwestionariusz oceny kolana Lysholm (ang. the Lysholm knee scoring scale)

LCL — wiezadto poboczne boczne (ang. lateral collateral ligament)
MRI — rezonans magnetyczny (ang. magnetic resonance imaging)
SD — odchylenie standardowe (ang. Standard deviation)

WOMAC - kwestionariusz oceny choroby zwyrodnieniowej Uniwersytetow Western Ontario i
McMaster (ang. the Western Ontario and McMaster Universities Arthritis Index)



2. Wstep

Wiezadto krzyzowe przednie (ACL) jest jednym z gtéwnych wiezadet stawu kolanowego i
zbudowane jest z dwéch peczkdw: przednio-przysrodkowego i tylno-bocznego. Pierwsze z
nich odpowiada gtéwnie za stabilno$¢ przednio-tylng, natomiast drugie za stabilno$¢ rotacyjna
[1]. Catkowite przerwanie tej struktury w wiekszosci przypadkéw prowadzi do niestabilnosci
stawu kolanowego i wigze sie z dodatkowymi uszkodzeniami tgkotek i chrzgstki stawowe;.
Szacuje sie, ze czestos¢ wystepowania tej dysfunkcji to 30-81 na 100 000 przypadkéw [2].
Ztotym standardem w leczeniu catkowitego uszkodzenia ACL stanowi jego artroskopowa
rekonstrukcja (ACLR) z uzyciem przeszczepu, najczesciej pobieranego z miesni kulszowo-
goleniowych, tak zwanych ,hamstringéw”[3]. W Stanach Zjednoczonych stanowi ona jedng z
najczesciej wykonywanych procedur w obrebie stawu kolanowego liczgc 125 000 — 200 000
przypadkdéw rocznie [4]. ACLR pozwala w duzej czesci na przywrdcenie stabilnosci przednio-
tylnej i rotacyjnej stawu kolanowego oraz wigze sie z zaopatrzeniem dodatkowych uszkodzen
w obrebie stawu. Wtasciwe wykonanie tych procedur, stanowi prewencje przedwczesnej
choroby zwyrodnieniowej [5]. Szacuje sie, ze odroczenie zabiegu operacyjnego o 12 miesiecy
lub wiecej, wigze sie z podwyzszonym ryzykiem nowych lub pogtebieniem juz przebytych
uszkodzen tgkotek i chrzgstki stawowej [6, 7]. Co wiecej, odsetek pourazowej artrozy stawu
kolanowego siega 0-13% przy izolowanym uszkodzeniu ACL, a 21-48% przy wspdtistniejgcym
urazie tgkotki [8]. Mimo ciggtego udoskonalania technik ACLR oraz wymienionych zalet takiego
postepowania, odsetek uszkodzen przeszczepionego ACL oscyluje w granicach 15-17%, a
poczucie niestabilnosci wsrdéd pacjentow osigga 25-30% [9, 10]. Ponadto powrdt do
aktywnosci fizycznej sprzed urazu udaje sie u okoto 60% pacjentéow w ciggu 2 lat od ACLR [11].
Relatywnie wysoki odsetek tych powiktan ttumaczy sie, miedzy innymi, niepetnym
odtworzeniem stabilnosci rotacyjnej przednio-bocznej ujawniajacej sie podczas ,pivot shift
test. Wynika ona z catkowitego uszkodzenia lub niewydolnosci struktur kompleksu przednio-
bocznego stawu kolanowego, w szczegdlnosci wiezadta przednio-bocznego (ALL) [12].
Przyczep proksymalny ALL rozpoczyna sie od kiykcia bocznego kosci udowej, a dystalny korczy
sie na nasadzie blizszej kosci piszczelowej miedzy guzkiem Gerdy’'ego a gtowg kosci
strzatkowej. Szacuje sie, ze wspotistniejagce przerwanie ALL wystepuje w 37,5-78,8%
przypadkéw catkowitego uszkodzenia ACL [11, 13, 14]. W 2013 r. nastgpito zwiekszone
zainteresowanie wokét ALL po publikacji nowych badan na temat jego biomechaniki, ktére
podkreslajg jego fundamentalng role w utrzymaniu stabilnosci rotacyjnej przednio-bocznej
stawu kolanowego [15]. Od tego momentu zaczeto ponownie stosowaé powszechnie

tenodeze boczng zewnatrzstawowg (LET), ktdra imituje dziatanie ALL i wzmacnia kompleks



przednio-boczny lub wykonywac bezposrednig rekonstrukcje ALL podczas jednoczasowej

ACLR.

3. Anatomia i biomechanika kompleksu przednio-bocznego stawu kolanowego

Historycznie, ALL po raz pierwszy zostato opisane w 1879 r. przez Paula Ferdinanda Segonda
jako struktura wzmacniajgca cze$é boczng torby stawowej i ulegajgca znacznemu napieciu
podczas rotacji wewnetrznej stawu kolanowego. Ponadto wykazano wtedy, ze izolowane
catkowite uszkodzenie ACL moze nie stanowic czestego zjawiska i towarzyszy mu zwykle uraz
struktur bocznych stawu kolanowego [16]. Po okoto 100 latach pdzniej, najpierw Hughston, a
potem Norwood potwierdzili te zaleznos¢ oraz opisali wynikajacg z tych uszkodzen
niestabilno$¢ przednio-rotacyjng stawu kolanowego [17, 18].

Sama struktura anatomiczna kompleksu przednio-bocznego stawu kolanowego pozostaje
ztozona i nie zostata jeszcze definitywnie opisana tak jak struktury kompleksu przysrodkowego
[19]. Pierwszg warstwe, tuz pod skérg, tworzy warstwa powierzchowna ITB, ktéra przyczepia
sie do guzka Gerdy. Przednia czes¢ wtdkien tej warstwy fgczy sie réwniez z boczng czescia
rzepki i wiezadfa rzepki, by utworzy¢ strukture zwang pasmem biodrowo-rzepkowym.
Natomiast tylne wtdkna tej warstwy wzmacniajg powiez miesnia dwugtowego uda (Rys. 1). Do
warstwy gtebokiej ITB zalicza sie widkna Kaplana, ktére przyczepiajg sie do przegrody bocznej
miedzymiesniowe]j i troczka bocznego. Ponadto witdkna te przebiegajg blisko gatezi sieci
tetniczej goérnej kolana. W tym miejscu, przy urazach rotacyjnych stawu kolanowego,
obserwuje sie krwiaka widocznego w MRI [19]. Ponizej wtdkien Kaplana przebiega najgtebsza
czes¢ ITB zwana warstwg torebkowo-kostng. Proksymalnie wtékna tej warstwy biegng wzdtuz
miesnia podeszwowego i czesci bocznej miesnia brzuchatego tydki, kofczac sie na tylnej czesci

guzka Gerdy.



Rys. 1. Zdjecie ukazujgce struktury powierzchowne pasma biodrowo-piszczelowego - jednego z elementow
kompleksu przednio-bocznego stawu kolanowego prawego. Uwidoczniono warstwe powierzchowng pasma
biodrowo-piszczelowego (Superficial Illiotibial band) [sITB]), sciegno migsnia dwuglowego uda (Biceps Femoris
[BF]), guzek Gerdy (Gerdy Tubercle [GT]) oraz pasmo biodrowo-rzepkowe (Illliopatellar Band [IPB]). Na
podstawie: Musahl, V., Herbst, E., Burnham, J., and Fu, F. The Anterolateral Complex and Anterolateral
Ligament of the Knee. Journal of the American Academy of Orthopaedic Surgeons. 2018,26(8):p 261-267.
https://doi.org/10.5435/JAAOS-D-16-00758.

Ponizej catego kompleksu ITB znajduje sie FCL oraz do przodu od niego ALL. Oba majg
przyczepy na nadktykciu bocznym kosci udowej, aich pojedyncze wtdkna w poczgtkowej czesci
mogg ulegac skrzyzowaniom [15]. Przyczep proksymalny ALL znajduje sie bardziej do przodu
od FCL oraz proksymalnie i do tytu od przyczepu sciegna miesnia podkolanowego. Przyczep
dystalny FCL ma miejsce na gtowie kosci strzatkowej, a ALL na nasadzie blizszej kosci
piszczelowej, miedzy guzkiem Gerdy a gtowgq kosci strzatkowej (Rys. 2). Przebieg ALL pozostaje
skosny a jego wtdkna tacza sie zwarcie z 1/3 czescig trzonu tgkotki bocznej. Miedzy tymi
dwiema strukturami przebiega tetnica dolna boczna kolana na wysokosci linii stawu
kolanowego. Pod katem histopatologicznym ALL ma gesty i dobrze zorganizowany przebieg
pojedynczych wtdkien oraz charakteryzuje sie bogatym unerwieniem i obecnoscig licznych
mechanoreceptoréw [20, 21]. Oprdocz FCL i ALL, do najgtebszej warstwy kompleksu przednio-
bocznego zalicza sie réwniez Sciegno miesnia podkolanowego, wiezadto podkolanowo-

strzatkowe oraz boczng cze$é torby stawowej [15].
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Rys. 2. Zdjecie ukazujgce struktury glebokie kompleksu przednio-bocznego stawu kolanowego prawego.
Uwidoczniono wiezadto przednio-boczne (Anterolateral Ligament [ALL]), guzek Gerdy (Gerdy’s Tubercle),
Sciegno miesnia podkolanowego (Popliteus Tendon) oraz wiezadlo podkolanowe-strzatkowe (Popliteofibular
Ligament). Na podstawie: Claes, S., Vereecke, E., Maes, M., Victor, J., Verdonk, P. and Bellemans, J. Anatomy
of the anterolateral ligament of the knee. Journal of Anatomy. 2013;223: 32]-
328. https://doi.org/10.1111/joa. 12087.

Badania biomechaniczne na kadawerach pod katem funkcji poszczegdlnych struktur
kompleksu przednio-bocznego stawu kolanowego sg ztozone i obejmujg wiele wariantéw
uszkodzen prébujac odtworzy¢ jak najbardziej zblizone warunki do naturalnych. Pod katem
biomechanicznym wykazano, ze samo ALL ulega najwiekszemu napieciu przy rotacji
wewnetrznej kosci piszczelowej i zgieciu stawu kolanowego miedzy 30 a 90 stopni. Natomiast
sam ACL stabilizuje przednio-rotacyjnie staw kolanowy gtdwnie przy zgieciu ponizej 35 stopni
[22]. Oprécz wymienionych struktur, warstwa powierzchowna kompleksu przednio-bocznego,
czyli ITB i jego anatomiczne komponenty, réwniez stabilizujg staw kolanowy rotacyjnie, w
szczegblnosci warstwa torebkowo-kostna ograniczajac rotacje wewnetrzng przy jego zgieciu
ponad 30 stopni [15, 19, 23]. Ponadto, oszacowano, ze nieuszkodzone ITB moze zmniejszac
sity dziatajgce na ACL o 23-40% [24]. Co wiecej, wykazano, ze przerwanie bocznej cze$é torby
stawowej odgrywa rowniez znaczng role w niestabilnosci przednio-rotacyjnej [15, 21].

Warto wspomnie¢, ze temat stabilnosci staw kolanowego stanowi ztozony aspekt i nie
ogranicza sie tylko do udziatu struktur powierzchownych i gtebokich kompleksu przednio-
bocznego. Uwaza sie, ze wptyw na stabilno$é¢ wyzej wymienionego stawu ma réwniez korzen
tylny takotki bocznej, ktérego uszkodzenie lub catkowite usuniecie moze prowadzié¢ do bardziej

wyrazonego testu ,pivot shift” [25]. Podobnie sygnalizuje sie, ze niewydolnos¢ wiezadta tylno-
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przysrodkowego fakotkowo-piszczelowego moze powodowad niestabilnos¢ rogu tylnego

takotki przysrodkowej, co moze pogtebia¢ niewydolnos¢ ACL [26].

4. Tenodeza boczna zewngtrzstawowa

Pierwsza technika LET zostata opisana w latach 1960 przez Lemaire jako izolowana forma
leczenia catkowitego uszkodzenia ACL. Z powodu niesatysfakcjonujgcych wynikow klinicznych
takiego dziatania, zaniechano stosowania tej procedury przez wiele lat [27]. Po doniesieniach
w 2013 r. na temat biomechaniki ALL, technika ta ponownie wrodcita do task jako procedura
uzupetniajgca artroskopowg ACLR. Celem ograniczenia niestabilnosci rotacyjnej podczas
jednoczasowej ACLR, wykonuje sie bezposrednig rekonstrukcjg ALL lub nieanatomiczng LET.
Aktualnie liczne badania nie wykazujg przewagi jednej procedury nad druga. Obie grupy
procedur wigzg sie ze zredukowanym odsetkiem uszkodzeh przeszczepionego ACL,
zmniejszonym odczuciem niestabilnosci oraz lepszymi wynikami klinicznymi w poréwnaniu z
izolowang artroskopowg ACLR [28-30]. Wskazania do LET podczas jednoczasowej ACLR
pozostajg przedmiotem debaty i nie zostaty jeszcze definitywnie okreslone. Mimo braku
konsensusu w tej kwestii, generalnie akceptowalnymi pozostaja: wysoki stopien , pivot shift
test”, rewizyjna ACLR, wiotkos¢ wiezadtowa, zawodowi sportowcy oraz pacjenci wymagajacy
naprawy tagkotek [11, 31]. Przeciwskazania do LET podczas jednoczasowej ACLR rowniez nie
zostaty dotychczas jednoznacznie okreslone. Jednak liczne prace wskazujg, ze procedura LET
nie powinna byé stosowana w uszkodzeniach wielowiezadtowych stawu kolanowego,
catkowitych uszkodzeniach wiezadta krzyzowego tylnego i uszkodzeniach wiezadet
pobocznych. Natomiast przeciwskazaniami, wokot ktérych panuje niezgodno$¢ stanowig
powazne uszkodzenia chrzgstki stawowej wymagajace chirurgicznego zaopatrzenia i znaczne
zaburzenia osi konczyny w ptaszczyznie czotowej [32-37].

Badania biomechaniczne na kadawerach wskazuja, ze zastosowanie LET prowadzi gtéwnie do
stabilizacji rotacyjnej stawu kolanowego przy jego zgieciu w zakresie 0-30 stopni. Szacuje sie,
ze LET w tym zakresie moze stabilizowaé wyzej wymieniony staw mocniej niz natywne
struktury takiej jak ALL i ITB [38]. Mniejszy wptyw LET, lecz nadal statystycznie istotny,
widoczny jest przy 60 i 90 stopniach [39]. Podobnie jak w obserwacjach klinicznych pacjentéw,
nie wykazano istotnych roézini¢ biomechanicznych miedzy licznymi technikami LET, co
podtrzymuje aktualne stanowisko o dobrowolnosci wyboru metody chirurgicznej przez
operatora [40]. Podobna zasada dotyczy réwniez wyboru wzmocnienia kompleksu przednio-

bocznego miedzy bezposrednig rekonstrukcjg ALL a nieanatomiczng LET — nie udowodniono
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wyzszosci jednej metody nad drugg [39, 41]. Co wiecej, szacuje sie, ze zastosowanie LET moze
powodowac zmniejszenie dziatajgcych sit na przeszczepiony ACL do 43% [21].

Liczne techniki operacyjne LET zostaty opisane w literaturze. Aktualnie jedng z najczesciej
stosowanych metod jest zmodyfikowana technika Lemaire [42]. Nieco mniejszg popularnoscia
cieszg sie metody wedtug Maclntosha, Arnolda-Cokera, Ellisona oraz liczne ich modyfikacje
[40]. Wybdr techniki operacyjnej zalezy od preferencji chirurga ortopedy, bowiem zaréwno
rezultaty kliniczne jak i biomechaniczne sg zblizone i nie wykazano przewagi jednej metody
nad drugg [43, 44]. Zdecydowana wiekszos¢ z nich polega na opracowaniu paska z ITB o réznej
dtugosci i przetozeniu go pod FCL z zakotwiczeniem jego proksymalnego, wolnego korica w
ktykciu bocznym kosci udowej uzywajgc do tego dowolnego instrumentarium [11]. Z reguty
stosowane sg kotwice, staplery, sSruby interferencyjne lub szwy réznego typu. Badanie, ktdre
porownywato odsetek komplikacji miedzy kotwicg a $rubg interferencyjng podczas fiksacji
paska ITB w LET, nie wykazato istotnych réznic w obserwacji dwunastomiesiecznej [45].
Zmodyfikowana technika Lemaire polega na wykonaniu dostepu operacyjnego o dtugosci
okoto 6-8 cm miedzy guzkiem Gerdy a tylng krawedzig ktykcia bocznego kosci udowej. W
przypadku technik mato-inwazyjnych, ciecie ogranicza sie do 3-4 cm [46]. Nastepnie
identyfikuje sie centralng czes¢ ITB, w ktorym preparuje sie pasek wzdtuz dostepu
chirurgicznego o dtugosci 8 cm i szerokosci 1 cm z wolnym koricem proksymalnym, ktory
obszywa sie niémi, by utworzy¢ lejce. Kolejnym krokiem jest odnalezienie brzegdéw przedniego
i tylnego FCL. Za pomocg narzedzi chirurgicznych (np. kleszczykdw naczyniowych), preparujac
na ostro i tepo, wytwarza sie loze bezposrednio pod FCL, przez ktdrg przecigga sie pasek ITB z
wykorzystaniem wczesniej utworzonych lejcédw (Rys. 3). Nastepnie preparuje sie okolice
proksymalno-tylng ktykcia bocznego kosci udowej z tkanek miekkich celem dotarcia do
warstwy korowej. Po wykonaniu tego etapu, za pomocg dowolnego materiatu fiksujgcego, pod
umiarkowanym napieciem mocuje sie koniec wolny paska ITB do kosci. Staw kolanowy po
wykonaniu fiksacji, powinien mie¢ zachowany caty zakres ruchomosci. Nastepnie zszywa sie
ITB oraz tkanke podskdrng i skére. Cata procedura odbywa sie po wczesniejszym wykonaniu

ACLR oraz przy zgieciu w stawie kolanowym 90 stopni i neutralnej rotacji [42, 46, 47].
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Rys. 3. Zdjecie ukazujgce etap zmodyfikowanej techniki Lemaire, podczas ktorego przesunieto pasek ITB pod LCL
we wczesniej wypreparowanej lozy. Uwidoczniono wiezadlo poboczne strzatkowe (Lateral Collateral Ligament

[LCL]), pasek ITB (ITB strip), guzek Gerdy (Gerdy’s Tubercle) oraz rejon rzepki (Patella). Zasob wlasny.

Jak kazda procedura chirurgiczna, LET nie jest pozbawiona efektéw ubocznych. Jedng z
czestszych komplikacji tego sposobu leczenia jest mechaniczne podraznienie okolicznych
tkanek przez zastosowany materiat stuzgcy do fiksacji paska ITB [35, 48, 49]. Objawy jakie
wystepujg to uczucie dyskomfortu i dolegliwosci bélowe. Czes¢ z tych powiktan przemija
samoistnie, a w przypadku ich charakteru przewlektego, zaleca sie usuniecie materiatu
fiksujgcego [49]. Kolejnymi powiktaniami sg krwiak w okolicy dostepu operacyjnego,
przewlekty bél niezwigzany z materiatem fiksujgcym, Srédoperacyjne uszkodzenie paska ITB
lub materiatu fiksujgcego, przerwanie ciggtosci FCL i zakazenie miejsca operowanego [35, 48—
52]. Mimo opisanych efektéw ubocznych LET, jedno z badan randomizowanych nie wykazato
zwiekszonego odsetka reoperacji w grupie, w ktérej zastosowano jednoczasowo ACLR+LET w
poréwnaniu z grupg, u ktérych wykonano tylko ACLR (15% versus 18%) [35]. W aspekcie
dtugoterminowych komplikacji zwigzanych z LET, pozostaje obawa o mozliwosé

»przesztywnienia” przedziatu bocznego stawu kolanowego prowadzace do jego
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przyspieszonej choroby zwyrodnieniowej. Jednak aktualne badania kliniczne nie wykazujg
takiej tendencji [43, 48, 53]. Potwierdzajg to réwniez prace badajgce kinematyke stawu
kolanowego. Stwierdzono, ze nawet znaczne napiecie paska ITB podczas jego fiksacji (80
niutonéw) w niewielkim stopniu nadmiernie zwieksza kontakt powierzchni stawowych
przedziatu bocznego, a napiecie o wartosci 20 niutonéw jest wystarczajgce do przywrdcenia
fizjologicznego stanu [54]. Tyczy sie to rowniez implantacji paska ITB przy rotacji zewnetrznej
kosci piszczelowej a nie neutralnej [8]. Co wiecej, w jednej z prac o dtugiej obserwacji
przedstawiono wyniki, ktére ujawnity, ze pacjenci z grupy izolowanej ACLR, cierpieli na ciezszg

postac gonartrozy niz ci z grupy z ACLR+LET [55].

5. Cel pracy

Celem pracy jest ocena funkcjonalna i ultrasonograficzna pacjentéw po zastosowaniu
zmodyfikowanej tenodezy bocznej zewnatrzstawowej z uzyciem kotwicy ,self-punching all-
suture” w rekonstrukcji wiezadta krzyzowego przedniego oraz ustalenie wskazan do

wykonania tej procedury.

Szczegotowe cele:

1. Zastosownie mini-inwazyjnej zmodyfikowanej techniki tenodezy bocznej
zewnatrzstawowej z uzyciem kotwicy typu ,self-punching all-suture” podczas
jednoczasowej artroskopowe] rekonstrukcji wiezadta krzyzowego przedniego, z
jednoczasowg oceng funkcjonalng badanych pacjentéw.

2. Ocena pooperacyjna pasma biodrowo-piszczelowego wykorzystanego w technice
tenodezy bocznej zewnatrzstawowej z wykorzystaniem ultrasonografii oraz ustalenie
zaleznosci pomiedzy wynikami funkcjonalnymi a badaniem ultrasonograficznym.

3. Analizaiustalenie wskazan do wykonania tenodezy bocznej zewngatrzstawowej podczas

jednoczasowej artroskopowej rekonstrukcji wiezadfa krzyzowego przedniego.
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6. Streszczenie artykutow oryginalnych

Artykut oryginalny |

,Functional outcomes of simultaneous anterior cruciate ligament reconstruction and lateral

extra-articular tenodesis using an all-suture anchor: a modified mini-open technique”

Cel: Celem pracy byfo zastosowanie mini-inwazyjnej i zmodyfikowanej techniki operacyjnej
tenodezy bocznej zewnatrzstawowej z uzyciem kotwicy typu ,self-punching all-suture”
podczas jednoczasowej artroskopowej rekonstrukcji wiezadta krzyzowego przedniego oraz

pooperacyjna ocena kliniczna pacjentéw poddanych tej procedurze.

Materiat i metody: Do badania wtgczono 32 pacjentdéw, u ktérych wykonano pierwotny lub
rewizyjny zabieg artroskopowej rekonstrukcji wiezadta krzyzowego przedniego z
zastosowaniem mini-inwazyjnej techniki tenodezy bocznej zewnatrzstawowej z uzyciem
kotwicy ,self-punching all-suture”. Kryteria witgczenia obejmowaty catkowite uszkodzenie
wiezadta krzyzowego przedniego z objawowa niestabilnoscig, wiek od 18 do 64 lat i
oczekiwania pacjenta dotyczgce powrotu do poziomu sprawnosci sportowej sprzed urazu.
Kryteria wykluczenia obejmowaty wczesniejsze operacje przeciwnego stawu kolanowego,
uszkodzenia wiezadta krzyzowego przedniego bez objawowej niestabilnosci, uraz przeciwnego
stawu kolanowego, zaburzenia osiowosci kolana, uraz wielowiezadtowy stawu kolanowego,
wiek ponizej 18 roku zycia lub wiekszy niz 65 lat. Grupa badana zostata poddana przed- i
pooperacyjnym badaniu klinicznemu (test Lachmana, test McMurray’a, test pivot shift, test
szuflady przedniej i tylnej) wraz z zebraniem nastepujacych kwestionariuszy: KOOS, IKDC,

Lysholm i WOMALC.

Wyniki: W okresie pooperacyjnym w badanej grupie 32 pacjentéw byty 4 kobiety (12,5%) i 28
mezczyzn (87,5%), a ich sredni wiek wynidst 35,7 lat, wahajgc sie od 20 do 63 lat. Pieciu
pacjentow (15,6%) przeszto operacje rewizyjng rekonstrukcji wiezadta krzyzowego przedniego
oraz LET. Badanie kliniczne przeprowadzono s$rednio 234,5 dni (SD — 136,3 dni) po operacji
(zakres 55-487 dni). U 20 pacjentéw (62,5%) zdiagnozowano dodatkowe uszkodzenia tgkotek,
a ponadto uszkodzenia chrzgstki stopnia 2 wedtug skali Outerbridge wykryto u 7 pacjentéw, a
stopnia 3 u 1 pacjenta, co stanowito 25% badanej grupy. U wszystkich pacjentéw wyniki
testow fizykalnych, takich jak test Lachmana, tylnej szuflady i test McMurraya byty ujemne. W
grupie 4 pacjentéw (12,5%) uzyskano dodatni wynik testu pivot shift (stopiert 1), a u 1 pacjenta

(3,1%) uzyskano dodatni wynik testu przedniej szuflady (stopien 1), ci pacjenci nie zgtaszali
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objawdéw niestabilnosci stawu kolanowego. Powiktania $réd- i pooperacyjne nie wystapity.
Uzyskano poprawe wynikow klinicznych w kazdym z kwestionariuszy w pordwnaniu z oceng

przedoperacyjna.

Whioski: Przedstawiona w badaniu mini-inwazyjna i zmodyfikowana technika operacyjna
tenodezy bocznej zewngatrzstawowej z uzyciem kotwicy typu ,self-punching all-suture”
podczas jednoczasowej artroskopowej rekonstrukcji wiezadta krzyzowego jest bezpieczng
metodg, zmniejszajgcg ryzyko komplikacji. Jej zaletg jest mniejszy rozmiar blizny w
poréwnaniu z klasycznymi technikami operacyjnymi, a kotwica typu ,self-punching all-
suture” nie wymaga dodatkowych narzedzi chirurgicznych podczas fiksacji pasma biodrowo-

piszczelowego do kosci udowe;j.

Artykut oryginalny Il

“A Sonographic Examination of the lliotibial Band Strip Used in the Mini-Open Modified
Lemaire Lateral Extra-Articular Tenodesis in Patients with Primary and Revision ACL

Reconstruction—A Pilot Study.”

Cel: Celam pracy byty ultrasonograficzna identyfikacja i ocena pasma biodrowo-piszczelowego
wykorzystywanego w mini-inwazyjnej i zmodyfikowanej tenodezie bocznej zewnatrzstawowe;.
Dodatkowo autorzy oceniali zaleznosci miedzy cechami ultrasonograficznymi a wynikami

funkcjonalnymi.

Materiat i metody: Do badania wtgczono 32 pacjentdéw, u ktérych wykonano pierwotny lub
rewizyjny zabieg artroskopowej rekonstrukcji wiezadta krzyzowego przedniego z
zastosowaniem mini-inwazyjnej techniki tenodezy bocznej zewnatrzstawowej. Kryteria
wtaczenia stanowity catkowite uszkodzenie natywnego lub przeszczepionego wiezadta
krzyzowego przedniego z objawowag niestabilnoscig stawu kolanowego, wiek od 18 do 64 lat,
oczekiwania pacjenta dotyczgce powrotu do poziomu sprawnosci sportowej sprzed urazu i
poziom <3 w skali the American Society of Anesthesiologists. Kryteria wykluczenia
obejmowaty: uszkodzenia wiezadta krzyzowego przedniego bez objawowej niestabilnosci,
wczesniejsze operacje lub uraz przeciwnego stawu kolanowego, zaburzenia osiowosci kolana,
wiek ponizej 18 roku zycia lub wiekszy niz 65, poziom 24 w skali the American Society of
Anesthesiologists. Grupa badana zostata poddana ocenie ultrasonograficznej oraz przed- i

pooperacyjnym wypetnieniu nastepujgacych kwestionariuszy: KOOS, IKDC, Lysholm i WOMAC.
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Wyniki: W badanej grupie 32 pacjentow byto 28 mezczyzn (87,5%), i 4 kobiety (12,5%), a ich
sredni wiek wyniost 35,7 lat, wahajgc sie od 20 do 63 lat. Ocene ultrasonograficzng
przeprowadzono $rednio 234,5 dni (SD - 136,3 dni) po operacji (zakres 55-487 dni). Fragment
pasma biodrowo-piszczelowego uzytego do tenodezy bocznej zewntrzstawowej
zidentyfikowano u 31 pacjentow (96,9%). Charakteryzowat sie on srednig szerokoscig 5,0 mm
(SD — 1,6 mm) i srednig wysokoscig 4,6 mm (SD - 1,2 mm) w przekrojach poprzecznych.
Ultrasonograficznie, jego hiperechogeniczny obraz odnotowano u 27 pacjentéw (87,1%), a
hipoechogeniczny u 4 (12,9%). Lokalizacje na poziomie kosci udowej wykryto u 11 pacjentow
(58,1%), miedzy koscig udowg a piszczelowg u 11 (35,5%), a na poziomie kosci piszczelowej u
2 (6,5%). Fragment pasma biodrowo-piszczelowego uzytego do tenodezy bocznej
zewngatrzstawowej cechowat sie nieobecnoscig pasma ptynowego wokot u 26 pacjentéw
(83,9%) i brakiem aktywnego sygnatu Doppler (100%). Natomiast wysiek wokdt pobranego
fragmentu pasma zaobserwowano u 4 pacjentow (16,1%). Ultrasonograficzng cechg, ktéra
korelowata negatywnie z wynikami uzyskanymi w KOOS-symptoms byty pasma ptynowe wokét
paska pasma biodrowo-piszczelowego (p=0.0115). Pozostate cechy nie wykazaty istotnych

statystycznie zaleznosci.

Whioski: Badanie ultrasonograficzne stanowi uzyteczne narzedzie w identyfikacji pasma
biodrowo-piszczelowego zastosowanego w tenodezie bocznej zewnatrzstawowej podczas
jednoczasowej artroskopowej rekonstrukcji wiezadta krzyzowego przedniego. Cechy
ultrasonograficzne obrzeku wokét tej struktury mogag korelowaé ze stanem klinicznym

pacjenta i stuzy¢ szybkiej ocenie skutecznosci interwencji chirurgicznej.

Artykut oryginalny Il

“Indications for Lateral Extra-articular Tenodesis in Anterior Cruciate Ligament Reconstruction:

A Systematic Review.”

Cel: Celem pracy byta analiza i usystematyzowanie wskazan do wykonania tenodezy bocznej
zewngatrzstawowej podczas jednoczasowe]j artroskopowej rekonstrukcji wiezadta krzyzowego

przedniego w formie przegladu systematycznego.

Materiat i metody: Przeprowadzono przeglad literatury przeszukujac bazy PubMed, Cochrane
Central, ScienceDirect, Web of Science i Embase uzywajac nastepujacych fraz: extraarticular
lub extra-articular; tenodesis lub plasty, lub augmentation, lub procedure; reconstruction lub

reconstructive, lub surgical, lub surgery, lub technique; ACL lub anterior cruciate ligament. Do
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pracy wigczono badania przeprowadzane na ludziach o poziomie dowodu naukowego od 1 do
4 w jezyku angielskim. Wykluczono prace nieanglojezyczne, analizy przypadku, prace
przeglagdowe i ankietowe, listy do redakcji, badania nieobejmujgce tematyki stawu
kolanowego, prace na zwierzetach, anatomiczne i radiologiczne badania, abstrakty
konferencyjne oraz prace z niekompletnymi lub niejednoznacznymi danymi (poziom dowodu
naukowego 5). Ponadto nie brano pod uwage prac, ktére nie okreslaty klarownie wskazan.
Trzech niezaleznych wspoétautoréow pracy przeszukato i wyekstrahowato istotne informacje
takie jak: rok badania, kraj, rodzaj badania, liczba uczestnikéw, srednia wieku, pte¢iwskazania

do procedury tenodezy bocznej zewnatrzstawowe;.

Wyniki: Przesledzono 1027 artykutdw opublikowanych miedzy 1999 a 2023, z ktorych 29
spetnito kryteria wtgczenia. taczna liczba uczestnikdw w badaniach wyniosta 4041. Mezczyzn
byto 2796 (63,5%), a kobiet 1605 (36,5%). Sredni wiek badanych byt réwny 24,4 lat. 21 prac
miato charakter retrospektywny, 8 prospektywny. Poziomy dowodu naukowego ujetych prac
byty nastepujgce: 1 — 4 prace, 3 — 13 prac, 4 — 12 prac. Najwiecej prac przeprowadzono we
Wtoszech (5), Kanadzie (3), Francji (3) i Hiszpani (3). Na podstawie badan ustalono, ze
najczestszymi wskazaniami do LET byty: dyscypliny sportowe o wysokim ryzyku uszkodzenia
ACL (16 prac), potrzeba naprawy fakotki (11 prac), test pivot shift stopnia 2 i 3 (11 prac),
hipermobilnos¢ w skali Beightona >4 (8 prac) i zabieg rewizyjny rekonstrukcji wiezadta
krzyzowego przedniego (8 prac). Wskazania podzielono na 4 podgrupy w nawigzaniu do oceny
klinicznej, aktywnosci sportowej i zabiegu rewizyjnego, oceny radiologicznej i w zaleznosci
grupy wiekowej. W kazdej z wymienionych podgrup w wyzej wymienionej kolejnosci
najczestszymi wskazaniami byty: test pivot shift stopnia 2 i 3 (11 prac), dyscypliny sportowe o
wysokim ryzyku uszkodzenia ACL (16 prac), objaw Segonda i tytopochylenie plateau kosci

piszczelowej >12° (po 3 prace) i nastolatkowie w wieku od 10 do 19 lat (5 prac).

Whioski: Tenodeza boczna zewnatrzstawowa jest wartosciowg technika uzupetniajgca
rekonstrukcje wiezadta krzyzowego przedniego u pacjentdéw z niestabilnoscig rotacyjng lub
zwiekszonym ryzykiem uszkodzenia przeszczepu. Ustalenie dokfadnych wskazan do
wykonania tej procedury i odpowiednia selekcja pacjentdw pozwalajg uzyskaé lepsza
stabilnos¢ i dtugoterminowe wyniki funkcjonalne. Wigczenie tenodezy bocznej
zewnatrzstawowe] do algorytmu leczenia moze poprawic¢ skutecznos¢ leczenia uszkodzen
wiezadta krzyzowego przedniego, szczegdlnie u sportowcdw z towarzyszgcymi uszkodzeniami

takotek i dodatnim testem pivot shift, test stopnia 2i 3.
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7. Wnioski

1. Przedstawiona w badaniu mini-inwazyjna i zmodyfikowana technika operacyjna
tenodezy bocznej zewngatrzstawowej z uzyciem kotwicy typu ,self-punching all-
suture” podczas jednoczasowej artroskopowej rekonstrukcji wiezadfa krzyzowego
przedniego jest bezpieczng metodg, zmniejszajgca ryzyko komplikacji.

2. Zastosowana technika charakteryzuje sie mniejszym rozmiarem blizn w poréwnaniu z
klasycznymi technikami operacyjnymi, a kotwica typu ,self-punching all-suture” nie
wymaga dodatkowych narzedzi chirurgicznych podczas pasma biodrowo-
piszczelowego do kosci udowej.

3. Opisana metoda operacyjna wigze sie z poprawg wynikéw klinicznych ocenianych w
kwestionariuszach KOOS, IKDC, Lysholm i WOMAC w poréwnaniu z wynikami
przedoperacyjnymi.

4. Badania ultrasonograficzne stanowi uzyteczne narzedzie w identyfikacji paska pasma-
biodrowo piszczelowego zastosownego w tenodezie bocznej zewngtrzstawowej
podczas jednoczasowej artroskopowej rekonstrukcji wiezadta krzyzowego
przedniego.

5. Ultrasonograficzna identyfikacja paska pasma biodrowo-piszczelowej uzytego do
tenodezy bocznej zewnatrzstawowej i okreslenie jego morfologii moze stuzyé jako
szybka ocena skutecznosci interwencji chirurgicznej.

6. Najczestszymi wskazaniami do zastosowania tenodezy bocznej zewngtrzstawowej
podczas jednoczasowe] rekonstrukcji wiezadta krzyzowego przedniego sg: udziat w
dyscyplinach sportowych o wysokim ryzyku uszkodzenia ACL, uszkodzenia tgkotek

wymagajgce naprawy oraz pozytywny wynik testu pivot shift, o stopniu 2 lub 3.

8. Streszczenie

Wiezadto krzyzowe przednie jest kluczowym elementem stabilizujgcym staw kolanowy,
odpowiedzialnym zaréwno za jego stabilnos¢ przednio-tylng, jak i rotacyjng. Jego catkowite
uszkodzenie prowadzi do niestabilnosci kolana oraz towarzyszgcych urazéw tgkotek i chrzastki
stawowej. Standardem leczenia takich urazow jest artroskopowa rekonstrukcja, najczesciej z
wykorzystaniem przeszczepu z miesni kulszowo-goleniowych. Pomimo skutecznosci tej
procedury, cze$¢ pacjentéw doznaje urazu przeszczepu wiezadtfa, utrzymujgcego sie uczucia
niestabilnosci i niemoznosci powrotu do aktywnosci fizycznej sprzed urazu. Jedng z gtéwnych

przyczyn tych niepowodzen jest niedostateczne odtworzenie stabilnosci rotacyjnej,
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wynikajgce z braku naprawy struktur kompleksu przednio-bocznego stawu kolanowego, w
szczegblnosci wiezadta przednio-bocznego. W celu poprawy wynikéw leczenia, coraz czesciej
podczas jednoczasowej artroskopowej rekonstrukcji wiezadta krzyzowego przedniego
wykonuje sie takze rekonstrukcje wiezadta przednio-bocznego lub nieanatomiczng tenodeze
boczng zewnatrzstawowa. Obie procedury majg na celu ograniczenie niestabilno$ci rotacyjnej,
a ich efekty biomechaniczne i kliniczne sg porownywalne. Zastosowanie tenodezy bocznej
zewnatrzstawowej moze istotnie zmniejszy¢ sity dziatajace na przeszczep wiezadta
krzyzowego przedniego i poprawi¢ jego trwatosé. Najczesciej stosowang metodg tenodezy
bocznej zewnatrzstawowej jest modyfikacja techniki Lemaire, polegajgca na wypreparowaniu
paska z pasma biodrowo-piszczelowego, ktéry przeprowadzany jest pod wiezadtem
pobocznym strzatkowym i mocowany do kosci udowej. Wybdr konkretnej techniki zalezy od
doswiadczenia chirurga, poniewaz dostepne metody nie wykazujg znaczacych rdéznic w

wynikach klinicznych.

Grupe badang stanowili pacjenci z catkowitym uszkodzeniem wiezadta krzyzowego
przedniego, z niestabilnoscig stawu kolanowego i dolegliwo$ciami bélowymi, w wieku od 18
do 64 lat i oczekiwaniami dotyczgcych powrotu do poziomu sprawnosci sportowej sprzed
urazu. U chorych wykonano jednoczasowo pierwotng lub rewizyjng artroskopowg
rekonstrukcje wiezadta krzyzowego przedniego i tenodeze boczng zewnatrzstawowg wedtug
mini-inwazyjnej, zmodyfikowanej techniki z uzyciem kotwicy ,,self-punching all-suture”. Kazdy
pacjent zostat poddany ocenie przed- i pooperacyjnej z wykorzystaniem skal KOOS, IKDC,
Lysholm i WOMAC. Ponadto pooperacyjnie wykonano u kazdego z nich testy kliniczne
Lachmana, McMurray’a, pivot shift, szuflady przedniej i tylnej oraz badanie
ultrasonograficzne. Obserwowano réwniez wystgpienie wczesnych komplikacji srod- i
pooperacyjnych. Kolejnym krokiem byto wykonanie na podstawie 29 prac z 1027
przeanalizowanych, przegladu systematycznego zgodnie z wytycznymi PRISMA, analizujac

wskazania do tenodezy bocznej zewnatrzstawowe;.

W badaniu wzieto udziat 32 pacjentéw o srednim wieku 35,7 lat. Pte¢ meska stanowita 87,5%
grupy badanej. Sredni czas obserwacji wyniést 234,5 dni. U 27 chorych (84,4%) wykonano
pierwotng artroskopowg rekonstrukcje wiezadta krzyzowego przedniego i tenodezy bocznej
zewnatrzstawowej, a u 5 (15,6%) rewizyjng. U 20 pacjentéw (62,5%) Srédoperacyjnie
zdiagnozowano dodatkowe uszkodzenia tgkotek oraz u 7 chorych (25%) uszkodzenia chrzastki
stawowej o réznym stopniu. W pooperacyjnym badaniu fizykalnym u 4 (12,5%) stwierdzono
pozytywny wynik testu ,pivot shift” stopnia 1, natomiast u 1 (3.1%) pozytywny test szuflady

przedniej stopnia 1. Testy Lachmana, szuflady tylnej i McMurray’a byly negatywne. Nie
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stwierdzono s$rédoperacyjnych i wczesnych powiktan pooperacyjnych po zastosowaniu
zaprezentowanej techniki tenodezy bocznej zewnatrzstawowej. Ponadto uzyskano poprawe
wynikéow klinicznych w kazdym z kwestionariuszy (KOOS, IKDC, Lysholm i WOMAC) w
poréwnaniu z oceng przedoperacyjng. W badaniu ultrasonograficznym pobrany fragment
pasma biodrowo-piszczelowego zidentyfikowano u 31 pacjentéow (96,9%). Typowa
ultrasonograficzna morfologia uzytego fragmentu pasma biodrowo-piszczelowego wydaje sie
by¢ nastepujgca: srednia szeroko$é 5,0 mm, $rednia wysokos¢ 4,6 mm, hiperechogeniczna
struktura (87,1%), lokalizacja na poziomie kosci udowej (58,1%), brak pasma ptynowego wokaot
(83,9%) i brak aktywnego sygnatu Doppler (100%). Ultrasonograficzng cechg, ktora korelowata
negatywnie z wynikami uzyskanymi w KOOS-symptoms byto pasmo ptynowe wokot
pobranego fragmentu pasma biodrowo-piszczelowego (p=0.011). Pozostate cechy nie
wykazaty istotnych statystycznie zaleznosci. W  przeprowadzonym przegladzie
systematycznym zidentyfikowano tgcznie we wszystkich pracach 4041 uczestnikow, a ich
sredni wiek wyniost 24,4 lat. 21 prac miato charakter retrospektywny, 8 prospektywny.
Poziomy dowodu naukowego ujetych prac byty nastepujgce: 1 — 4 prace, 3 — 13 prac, 4 — 12
prac. W rezultacie przeprowadzonej analizy ustalono ze, najczestszymi wskazaniami do
tenodezy bocznej zewngatrzstawowej byty: dyscypliny o wysokim ryzyku uszkodzenia ACL (16
prac), uszkodzenia tgkotek wymagajace naprawy (11 prac), pozytywny test ,pivot shift”

stopnia 2i 3 (11 prac).

Przedstawiona w badaniu mini-inwazyjna i zmodyfikowana technika operacyjna tenodezy
bocznej zewnatrzstawowej z uzyciem kotwicy typu ,self-punching all-suture” podczas
jednoczasowej artroskopowej rekonstrukcji wiezadta krzyzowego jest bezpieczng metoda,
zmniejszajacg ryzyko komplikacji. Zastosowana technika charakteryzuje sie mniejszym
rozmiarem blizn w porédwnaniu z klasycznymi technikami operacyjnymi, a kotwica typu ,self-
punching all-suture” nie wymaga dodatkowych narzedzi chirurgicznych podczas fiksacji pasma
biodrowo-piszczelowego kosci udowej. Badanie ultrasonograficzne stanowi uzyteczne
narzedzie w identyfikacji pasma biodrowo-piszczelowego zastosowanego w tenodezie bocznej
zewngatrzstawowej podczas jednoczasowe]j artroskopowej rekonstrukcji wiezadta krzyzowego
przedniego. Ultrasonograficzna identyfikacja paska pasma biodrowo-piszczelowego uzytego
do tenodezy bocznej zewnatrzstawowej i okreslenie jego morfologii moze stuzy¢ jako szybka
ocena skutecznosci interwencji chirurgicznej. Najczestszymi wskazaniami do zastosowania
tenodezy bocznej zewnatrzstawowej podczas jednoczasowe] rekonstrukcji wiezadta
krzyzowego przedniego s3: udziat w dyscyplinach sportowych o wysokim ryzyku uszkodzenia
wiezadta krzyzowego przedniego, uszkodzenia tgkotek wymagajgce napraway oraz pozytywny

wynik testu pivot shift stopnia 2 lub 3.
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9. Summary

The anterior cruciate ligament is a main stabilizing structure of the knee joint, responsible for
both anteroposterior and rotational stability. Its complete rupture leads to knee instability
and is often associated with concomitant injuries to the menisci and articular cartilage. The
standard treatment for such injuries is arthroscopic reconstruction, most commonly using a
hamstring tendon autograft. Despite the effectiveness of this procedure, a group of patients
experience graft failure, persistent instability, and an inability to return to pre-injury levels of
physical activity. One of the primary causes of these failures is insufficient restoration of
rotational stability, often due to damage to the anterolateral complex of the knee, particularly
the anterolateral ligament. To improve clinical outcomes, it is increasingly common to perform
concurrent reconstruction of the anterolateral ligament or a non-anatomic extra-articular
lateral tenodesis during anterior cruciate ligament reconstruction. Both procedures aim to
reduce rotational instability and demonstrate comparable biomechanical and clinical
outcomes. The use of extra-articular lateral tenodesis may significantly reduce the forces
acting on the anterior cruciate ligament graft and enhance its durability. The most frequently
employed method of extra-articular lateral tenodesis is the modified Lemaire technique,
which involves harvesting a strip of the iliotibial band, passing it under the lateral collateral
ligament, and fixing it to the femur. The choice of specific technique depends on the surgeon’s
experience, as no significant differences in clinical outcomes have been observed among the

available methods.

The study population consisted of patients aged 18 to 64 years with a complete anterior
cruciate ligament rupture, knee joint instability, and pain, and expectations of returning to
pre-injury levels of sports performance. These patients underwent either primary or revision
arthroscopic anterior cruciate ligament reconstruction combined with extra-articular lateral
tenodesis using a minimally invasive, modified technique with a self-punching all-suture
anchor. Each patient underwent pre- and postoperative assessment using the KOOS, IKDC,
Lysholm, and WOMAC scales. Additionally, postoperative clinical tests including Lachman,
McMurray, pivot shift, anterior and posterior drawer tests, and ultrasound examinations were
performed. Intra- and early postoperative complications were also recorded. Subsequently, a
systematic review based on 29 out of 1027 analyzed studies was conducted according to

PRISMA guidelines to evaluate the indications for extra-articular lateral tenodesis.

The study included 32 patients with a mean age of 35.7 years, 87.5% of whom were male. The

mean follow-up duration was 234.5 days. Primary anterior cruciate ligament reconstruction
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with extra-articular lateral tenodesis was performed in 27 patients (84.4%), and revision
surgery in 5 patients (15.6%). Intraoperatively, additional meniscal injuries were diagnosed in
20 patients (62.5%), and cartilage lesions of varying degrees in 7 patients (25%). Postoperative
physical examination revealed a positive grade 1 pivot shift test in 4 patients (12.5%) and a
positive grade 1 anterior drawer test in 1 patient (3.1%). Lachman, posterior drawer, and
McMurray tests were negative. No intraoperative or early postoperative complications were
observed with the applied technique of extra-articular lateral tenodesis. Moreover, clinical
scores (KOOS, IKDC, Lysholm, and WOMAC) improved compared to preoperative assessments.
Ultrasound examination identified the harvested iliotibial band graft in 31 patients (96.9%).
The typical sonographic morphology of the iliotibial band graft was as follows: mean width of
5.0 mm, mean thickness of 4.6 mm, hyperechoic structure (87.1%), level of femoral location
(58.1%), absence of surrounding fluid band (83.9%), and absence of Doppler signal (100%). A
fluid band surrounding the graft negatively correlated with KOOS-symptoms scores (p=0.011).
No other morphological features demonstrated statistically significant correlations. The
systematic review identified a total of 4041 participants across all included studies, with a
mean age of 24.4 years. Twenty-one studies were retrospective and eight prospective. The
levels of evidence were as follows: level 1 — 4 studies, level 3 — 13 studies, and level 4 — 12
studies. The most common indications for extra-articular lateral tenodesis were: participation
in sports with a high risk of ACL injury (16 studies), meniscal injuries requiring repair (11

studies), and a positive grade 2 or 3 pivot shift test (11 studies).

The minimally invasive, modified extra-articular lateral tenodesis technique using a self-
punching all-suture anchor, performed concurrently with arthroscopic anterior cruciate
ligament reconstruction, is a safe method that reduces the risk of complications. This
technique results in smaller surgical scars compared to traditional methods, and the self-
punching all-suture anchor eliminates the need for additional surgical instruments for iliotibial
band graft fixation to the femur. Ultrasound imaging is a valuable tool for identifying the
iliotibial band graft used in extra-articular lateral tenodesis during simultaneous anterior
cruciate ligament reconstruction. Sonographic identification and morphological assessment of
the iliotibial band graft can serve as a quick method for evaluating the effectiveness of the
surgical intervention. The most common indications for performing extra-articular lateral
tenodesis during simultaneous arthroscopic anterior cruciate ligament reconstruction are:
participation in high-risk sports, meniscal injuries requiring repair, and a positive grade 2 or 3

pivot shift test.
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ABSTRACT

INTRODUCTION The anterior cruciate ligament (ACL) rupture frequently leads to instability of the knee
joint, which subsequently damages other intra-articular structures. The combination of ACL reconstruction
(ACLR) with concurrent lateral extra-articular tenodesis (LET) improves rotational stability and reduces
the risk of subsequent ACL rupture. However, there is not much research that specifically outlines LET
hardware and surgical methods.

AIM This study aimed to describe and evaluate clinical outcomes of a mini-open modified Lemaire
technique using a self-punching all-suture anchor.

MATERIALS AND METHODS In this study, 32 patients underwent primary or revision ACLR combined with
LET via the mini-open modified Lemaire technique using a self-punching all-suture anchor. All individuals
completed the following pre- and postoperative questionnaires to evaluate their functional performance:
the Knee Injury and Osteoarthritis Outcome Score, assessing several domains, the International Knee
Documentation Committee subjective knee evaluation form, the Lysholm knee scoring scale, and the
Western Ontario and McMaster Universities Arthritis Index. Complication rates were also assessed.
RESULTS Each patient’s functional score values increased, as compared with preoperative measure-
ments. There were no early post- or intraoperative complications associated with the technique described.
coNcLUsIoNS This is the first study that evaluated clinical outcomes, intraoperative, and early post-
operative complications of the mini-open modified Lemaire technique using a self-punching all-suture
anchor. Our study indicates that this procedure is effective, safe, and associated with better cosmesis
than classic LET techniques.

INTRODUCTION In the United States, it is es-
timated that over 120 000 anterior cruciate lig-
ament (ACL) injuries occur each year, most-
ly among high school and college-age individ-
uals.! ACL rupture may lead to persistent knee
instability and the risk of subsequent chondral
lesions, meniscal injuries, and early osteoarthri-
tis.2 ACL reconstruction (ACLR) is recommended

to mitigate these effects, especially in young, ac-
tive patients.? Despite the fact that ACLR suc-
cessfully decreases anterior tibial translation,
25%-30% of patients experience postoperative
rotational instability, and the ACL graft failure
rate remains comparatively high (17.1%-18%).4*
Thus, ACLR has been recently combined with lat-
eral extra-articular tenodesis (LET) procedures
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FIGURE 1

e 3

Structures such as the lateral epicondyle (LE), fibular head, patella, and Gerdy

tubercle were palpated and marked with a marking pen. The surgical incisions of the mini-
-open (solid line) and classic lateral extra-articular tenodesis (dashed line) were marked.

or anterolateral ligament (ALL) reconstructions
that reliably decrease rotational knee instability
and reduce the risk of ACL graft failure.57 It was
found that patients after ACLR with concurrent
LET/ALL reconstruction are 2-to-4 times less like-
ly to experience graft failure than individuals af-
ter isolated ACLR.® According to biomechanical
research, LET aids in offloading the ACL graft,
which reduces anterior tibial translation in re-
sponse to rotational forces.®

The aforementioned data led to an increase in
literature supporting the use of the abovemen-
tioned methods during ACLR, especially among
patients with high-grade pivot shift, knee laxity,
concomitant meniscal lesions, revision ACLR, and
in physically active groups.®'® However, these in-
dications are not definitive and remain a subject
of debate. The LET technique was first described
by Lemaire in 1967."" Recently, it has garnered
increasing interest, which has spurred the devel-
opment of numerous new surgical techniques.?
The Lemaire technique and its modified form, as
well as the Ellison, MacIntosh, and Arnold-Cocker
techniques, rely on the use of autografts or al-
lografts to strengthen the knee’s lateral struc-
tures.® The majority of them harvest a strip of
the iliotibial band (ITB) and pass it under the lat-
eral collateral ligament (LCL), which ultimately
improves anterior laxity and tibial internal ro-
tation.'® The optimal area of graft implementa-
tion and the method of its fixation, including
the used device, differ across the techniques. How-
ever, the literature comparing clinical outcomes
of particular methods is limited. For instance, ini-
tial studies do not show significant differences in
patient outcomes between the modified Lemaire
and MacIntosh procedures.' Although there are
many surgical techniques describing the imple-
mentation of LET, the modified Lemaire proce-
dure seems to be widely favored.®

AIM  The aim of this study was to describe a new
mini-open LET approach that uses a self-punching

all-suture anchor. It is an extension of the modi-
fied Lemaire technique and is employed in addi-
tion to ACLR in a group of selected patients who
require greater control over their internal tibial
rotation. Moreover, this study also aimed to as-
sess clinical outcomes and complications after
the aforementioned procedure.

MATERIAL AND METHODS General data This
study was conducted at the Department of Or-
thopaedic Surgery between March 2023 and
November 2024, and was approved by the lo-
cal bioethics committee (KB 347/2023). It was
designed as a retrospective study of the short-
-term outcomes of ACLR with LET using a nov-
el mini-open technique with an all-suture an-
chor. All participants gave an informed consent
before undergoing the procedures.

The present study included 32 patients who
underwent primary or revision arthroscop-
ic ACLR with LET, using the modified Lemaire
technique. All patients presented with chronic
(>3 weeks), post-trauma instability and pain in
the affected knee. An ACL tear on noncontrast
knee magnetic resonance imaging (MRI) and
physical examination (anterior drawer test, piv-
ot shift test, and the Lachman test) were used
to preoperatively confirm the instability in each
case.

The inclusion criteria comprised a complete
ACL tear with symptomatic instability, age of
18 to 64 years, and patient expectations of re-
turning to the preinjury level of sports perfor-
mance. Patients were excluded if they had under-
gone a prior surgery on the contralateral knee or
presented with an ACL tear without symptomat-
ic instability, a contralateral knee injury, signifi-
cant malalignment, or a multiligament knee in-
jury, or if their age was below 18 years or great-
er than or equal to 65 years.

All preoperative evaluations and operations
were performed by a senior orthopedic surgeon
(JZ) who was experienced in knee arthroscopy
and ACLR, and performed LET routinely (more
than 50 cases per year).

Similar procedures for the surgical treatment
of isolated ACLR and the rehabilitation process
are described in a study by Szwedowski et al,®
whose research team included one of the authors
of this publication.

Operative technique The surgery was performed
under general or intraspinal anesthesia with
the patient placed in the supine position. The af-
fected knee was evaluated to confirm that the ob-
served instability was consistent with ACL insuf-
ficiency and MRI findings. The pivot shift test
with verification of the excessive internal tibi-
al rotation was carried out in each case. Around
the affected leg’s thigh, a tourniquet and a leg
holder were applied. The knee was placed at 90
degrees of flexion, and structures such as the lat-
eral epicondyle, fibular head, patella, LET ap-
proach, and Gerdy tubercle were palpated and
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FIGURE 2 Intraoperative images showing the initial stages of lateral extra-articular tenodesis; A — placement of a vascular clamp under the lateral

collateral ligament (LCL) to prepare a tunnel for the iliotibial band (ITB) passage; B — securing of the ITB graft using whip stitches; C — performing
the anterior entrance to the tunnel underneath the LCL without a 15 surgical blade; D — introduction of a vascular clamp further to the exit, in front of
the LCL; E — passing the ITB graft under the LCL and grasping the stitches with the clamp
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marked with a sterile marking pen (FIGURE 1). Stan-
dard anterolateral and anteromedial knee por-
tals were used. Diagnostic arthroscopy was per-
formed to evaluate abnormal findings, primari-
ly to confirm a complete ACL rupture. Concom-
itant lesions, such as medial and lateral menis-
cal tears, were trimmed to a stable rim. Cartilage
lesions were probed, measured, and then grad-
ed during surgery according to the Outerbridge
classification. Intraoperative findings were col-
lected in a standardized format.

After arthroscopic assessment, which involved
confirming a complete ACL tear and address-
ing additional intra-articular injuries, the ACLR
was initiated. The standard ACLR procedure was
carried out according to Siebold’s guidelines."?
An autologous 4-strand hamstring graft (semi-
tendinosus and gracilis [STG] tendons) was per-
formed in each primary ACLR, while a bone-
-tendon-bone (BTB) autograft was applied in
each revision ACLR. Since a majority of the par-
ticipants underwent primary ACLR, the focus
was limited to the STG graft procedure. Proxi-
mally and medially to the insertion of the pes
anserinus, a 3-4 cm oblique incision was made.
The STG tendons were identified and the associ-
ated fascial bands were meticulously dissected.
They were harvested using an open-ended ten-
don stripper. To obtain better visualization and
precise anatomy of the LET, in this method, it
is advised to continue with the LET technique
and harvest the ITB before these structures be-
come swollen by arthroscopy fluid.

The obtained tendons were prepared to re-
move any remaining muscle tissue. They were
then secured in a looped configuration using
the Ethibond Excel polyester suture (Ethicon,
Raritan, New Jersey, United States) to create
a double-folded graft. Subsequently, the graft
was measured with a sizer, and the femoral tun-
nel was drilled correspondingly to the relevant
size. The femoral point of entry was marked

before drilling in compliance with the antero-
medial technique and under arthroscopic guid-
ance. Next, the tibial tunnel was drilled in a rou-
tine fashion using an ACL elbow guide. When
the tunnels were prepared, the Endobutton sys-
tem (Infinity Femoral Adjustable Loop Button,
CONMED, Utica, New York, United States) was
loaded with the graft and subsequently pulled
through the canals, flipped outside, and an-
chored to the femoral cortex. The sufficiency of
the ACL graft and knee range of motion were
checked arthroscopically. With the knee at 30 de-
grees of flexion and maximum stretch on the dis-
tal part of the graft, it was fixated using an in-
terference screw with a diameter corresponding
to the previously measured graft size (GENESYS
Matryx Interference Screw, CONMED).

Then, the knee was set in the 90-degree flexed
position and in neutral rotation. Mini-open LET,
based on the modified Lemaire technique, was
performed with a reduced 3-4 c¢m skin incision
between the lateral femoral epicondyle and
Gerdy tubercle. Dissection was performed to
identify and expose the ITB. A1 cmx8 cm ITB
strip was harvested along the axis of the ITB to-
ward the lateral femoral condyle (FIGURE 2). Dis-
tal insertion of the ITB was persevered, while
the proximal part of the graft was secured us-
ing whip stitches. The anterior and posterior
borders of the LCL were isolated, and vascular
clamps were passed under the LCL. Afterward,
the free end of the ITB strip was slipped under
the LCL from the proximal to the distal end.
This maneuver is usually done with a vascular
clamp or artery forceps. Special care is taken to
remain in the central part of the ITB to preserve
the Kaplan fibers, which are at a risk of damage
if the posterior border of the ITB is incised. It
should be noted that this step can be performed
right after diagnostic arthroscopy, before har-
vesting the ACL graft. Prolonged knee arthros-
copy may lead to the swelling of the knee joint
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FIGURE 3 Intraoperative images showing the process of preparing soft tissues for anchor implantation; A—C — identification of the lateral epicondyle
(LE), dissection of the remaining tissue using a vascular clamp without a 15 surgical blade, and exposition of the femoral cortex; D—F — placement of
the anchor 20-30 degrees from the posterior to the anterior cortex of the femur (axial plane) and 20 degrees from the anterior part of the LE of

the femur to the femoral canal (coronal plane) to avoid tunnel convergence

TABLE 1 Comparison of pre- and postoperative functional indicators

Questionnaire Before surgery After surgery P value
K0O0S-pain 59.88 (19.26) 80.46 (15.52) <0.001
KOOS-symptoms 60.59 (23.78) 82.38 (15.72) <0.001
K0O0S-ADL 67.39 (22.74) 90.36 (10.81) <0.001
KOOS-sport activity ~ 36.95 (27.35) 70.47 (24.96) <0.001
K0O0S-QoL 35.09 (22.09) 61.57(18.23) <0.001
IKDC 49.93 (19.59) 72.18 (15.32) <0.001
Lysholm 49.47 (20.78) 77.31(18.34) <0.001
WOMAC 30.19 (20.08) 12.63 (12.08) <0.001

Data are presented as mean (SD).

Abbreviations: ADL, activities of daily living; IKDC, International Knee Documentation
Committee; KOOS, Knee Injury and Osteoarthritis Outcome Score; QoL, quality of life;
WOMAC, Western Ontario and McMaster Universities Arthritis Index

tissue, which can subsequently complicate tissue
dissection and identification of the LCL. The fi-
nal ITB strip fixation takes place after success-
ful completion of the ACLR.

After passing the ITB strip under the LCL,
the lateral epicondyle (LE) was identified.
The surrounding soft tissue around the femo-
ral cortex was carefully dissected using vascu-
lar clamps, a surgical blade, or a finger. Of note,
using finger dissection and palpation is a good
method to avoid convergence with the ACLR
button. The exact point of anchor was proximal
and posterior to the LE (FIGURE 3). Additionally, to
prevent tunnel convergence, the anchor was po-
sitioned precisely 20-30 degrees from the pos-
terior to the anterior cortex of the femur (axial
plane) and 20 degrees from the anterior portion
of the lateral condyle of femur (LCF) to the fem-
oral canal (coronal plane). Drilling and locating
a pilot hole is not necessary for self-punching all-
-suture anchors.'® The ITB strip was whipstitched
using both wires that emerged from the suture
anchor, and it was then drawn in the direction
of the femur cortex. Subsequently, the graft was

fixed to the LCF using a self-punching all-suture
anchor (Linvatec Y-Knot RC 2.8 mm, CONMED)
at 30 degrees of knee flexion in neutral rota-
tion (FIGURE 3).

During fixation, moderate tension of the ITB
strip is sufficient, and maximum tension should
be avoided. Knee range of motion should be as-
sessed and cannot be restricted. Before closure,
careful hemostasia was performed to minimize
the risk of hematoma. In our opinion, the defect
in the ITB should be obligatorily closed. The edg-
es of the ITB were approximated using a contin-
uous suture. We believe that suturing of the ITB
additionally strengthens the anterolateral cap-
sule. The subcutaneous layer was closed using
a single suture (Ethicon). The skin closure is de-
termined by the surgeon’s preference, utilizing
either staples or standard sutures.

Rehabilitation protocol For every patient, a stan-
dard ACL rehabilitation program was followed.
It included progressive range-of-motion exer-
cises, an external hinge brace for 6 weeks, and
partial weight-bearing with crutches following
the treatment when there was no increased dis-
comfort or effusion. The restricted range of mo-
tion during the first 3 weeks was between 0 and
90 degrees, and between 90 and 120 degrees in
the following 3 weeks. After 3 weeks, complete
weight-bearing was permitted, whereas 6 weeks
following the surgery, full active range of mo-
tion was allowed. Restoring active knee exten-
sion and quadriceps activation was addressed in
early therapy. Four months postsurgery, if there
was no knee effusion and quadriceps strength
was deemed sufficient, a progressive return to
athletic activities was permitted. This included
running on flat terrain and participation in non-
-pivoting sports. Athletes could return to pivot-
ing noncontact sports approximately 6 months
after the procedure, while the return to pivoting
full-contact sports was typically allowed 8 to 9
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FIGURE 4 Boxplots showing pre- and postoperative Knee Injury and Osteoarthritis Outcome Score (KOOS) values; A — KOOS-pain; B — KOOS-symptoms;
C — KOOS-quality of life; D — KOOS-sport activity; E — KOOS-activities of daily living. Horizontal lines represent the median, boxes represent the interquartile
range, and whiskers represent minimal and maximal values.

months postoperation. The rehabilitation pro-
tocol was identical to that followed in the case
of isolated ACLR.

Follow-up examination All individuals under-
went physical examination by 2 independent
orthopedic surgeons who work together at the
same unit (JZ and JE). The following clinical
tests were performed: the Lahman test, the an-
terior drawer test, the posterior drawer test,
the McMurray test, and the pivot shift test.
The functional outcomes were measured using
several questionnaires: the Knee Injury and Os-
teoarthritis Outcome Score (KOOS), assessing
various domains (pain, symptoms, activities
of daily living [ADL], sport activity, and quali-
ty of life), the International Knee Documenta-
tion Committee subjective knee evaluation form
(IKDCQ), the Lysholm knee scoring scale, and the
Western Ontario and McMaster Universities Ar-
thritis Index (WOMAC). During the follow-up
period, possible intra- and postoperative com-
plications or recurrence of injury were observed.

Statystical analysis  Statistical analyses and group
comparisons were conducted by 2 independent
investigators using the GraphPad Prism software
(GraphPad 8.0.1, Dotmatics, Boston, Massachu-
setts, United States). Nominal variables were de-
scribed by the frequency of observations. Quan-
titative data were summarized using descriptive
statistics, including mean and SD for normally
distributed data, and median and range for data
with a non-normal distribution. Visual assess-
ment of histograms was also performed. Their dis-
tributions were confirmed using the Shapiro-Wilk
test. The values of the questionnaires were com-
pared using the Mann-Whitney test. A P value of
less than 0.05 was considered significant.

RESULTS In this study, we analyzed 32 individ-
uals who underwent concomitant ACL and LET
procedures. The study population included 4 wom-
en (12.5%) and 28 men (87.5%). Their mean (SD)
age was 35.7 (12.1) years, ranging from 20 to 63
years. Five patients (15.6%) underwent revision
ACL and LET surgery due to failure of the primary
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FIGURE 5 Boxplots representing pre- and postoperative scores in functional outcome questionnaires; A — International Knee
Documentation Committee subjective knee form; B — Lysholm knee scoring scale; C — Western Ontario and McMaster Universities
Arthritis Index. Horizontal lines represent the median, boxes represent the interquartile range, and whiskers represent the minimal and

maximal values.

ACLR. Of the 20 patients (62.5%) diagnosed with
additional meniscus tears, 15 had medial menis-
cus injury, 2 had lateral meniscus tears, and 3
had both. These were complex cases. According to
the modified Outerbridge classification, grade 2
cartilage lesions were discovered in 7 patients and
grade 3 in 1, whereas 26 patients (75%) showed no
signs of cartilage damage. Clinical examinations
were conducted after a mean (SD) 234.5 (136.3)
days following surgery (range, 55-478 days).

All patients had negative results of clinical
tests, such as the Lahman, the posterior draw-
er, and the McMurray tests; however, following
surgery, 4 patients (12.5%) had a positive pivot
shift test result (grade 1), and 1 patient (3.1%) had
a positive anterior drawer test result (grade 1).
Nonetheless, individuals with a grade 1 pivot
shift or a grade 1 anterior drawer test result did
not report any knee joint instability. There were
no signs of reinjury or intra- or postoperative
complications.

In all cases, the functional score values in-
creased in comparison with the preoperative
assessments. Increases in KOOS-pain, KOOS-
-symptoms, KOOS-ADL, KOOS-sport, IKDC, and
the Lysholm scales were significant. Additional-
ly, WOMAC ratings significantly decreased af-
ter the surgery, indicating improved function of
the afflicted lower limb. The outcomes are pre-
sented in TABLE 1 and FIGURES 4 and 5.

DISCUSSION The described novel mini-open
technique of LET using a self-punching all-suture
anchor was associated with improved clinical out-
comes, minimal risk of complications, and smaller
scarring, as compared with other LET techniques.

The Lemaire technique was first described in
1967, and it was proposed as a stand-alone sur-
gical treatment for ACL tear. Clinical outcomes
were, however, poor. The primary technique

ORIGINAL PAPER Orthopedics Outcomes of simultaneous ACL reconstruction and LET using all-suture anchor

used a 15-cm incision and a 15 cm x 1.5 cm graft.
The evolution of the procedure led to a reduc-
tion in both the surgical incision length (7-8 cm)
and the graft size (7-8 cm x1 cm)."®20 The tech-
nique was renamed “modified Lemaire technique”
and has since become one of the preferred meth-
ods among the LET techniques with concurrent
ACLR."%?! However, the method of attaching
the ITB strip to the femoral cortex remains a
subject of debate, and its fixation depends on
the surgeon, who may opt for staplers, interfer-
ence screws, or anchors. For instance, a study
by Behrendt et al?? compared anchor and inter-
ference screw fixation of the ITB graft with con-
comitant revision ACLR, but did not find any sig-
nificant clinical differences at 12-month follow-
-up. Our mini-open technique constitutes an ex-
tension of the modified Lemaire technique with
concurrent ACLR and recommends using a self-
-punching all-sutures anchor. The fundamentals
of this technique are similar to those of the min-
imally invasive modified Lemaire technique de-
scribed by Muller et al,'® but they differ in terms
of surgical aspects and the hardware used. How-
ever, both involve a 3-4 cm skin incision at the
same location.

In our study, the LET procedure did not cause
intra- or early postoperative complications.
Heard et al?® observed that while there was no
discernible rise in the incidence of other complica-
tions over a follow-up period of 2 years, the inclu-
sion of LET during ACLR was linked to a decrease
in ACL graft rupture and an increase in hard-
ware irritation rates. They employed the modi-
fied Lemaire technique using staples. The compli-
cations related to LET were as follows: need to re-
move LET hardware in 10 patients (3%), 3 intra-
operative staple failures (1%), 3 postoperative he-
matomas over the LET site (<1%), 2 cases of ITB
snapping (<1%), and 1 case of over-constrained
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lateral compartment (<1%). Eggeling et al?* also
described medical adverse events after LET pro-
cedure using modified Lemaire technique. They
found that 4 out of 23 patients who underwent
revision ACLR experienced pain over the LET site
2 years after the procedure. The fixation of the ITB
graft was performed using an interference screw
attached to a 5-mm tunnel wired 1 cm proximal
and posterior to the LE. The low complication rate
after LET using the modified Lemaire technique
was also reported by Declerq et al.?® The hardware
they used was the SwiveLock anchor (Arthrex,
Naples, Florida, United States) which required
prior drilling of the tunnel. They noticed a sin-
gle case of hematoma formation at the LET site
and a single case of hardware irritation among
42 patients who were reviewed at a mean of 67.7
months. Notably, Behrendt et al?2 compared an-
chor and interference screw fixation of LET dur-
ing the modified Lemaire technique among 52
patients undergoing revision ACLR. They report-
ed 1 clinical failure in the anchor group without
describing the details. The remaining complica-
tions typically linked with LET augmentation per-
formed using different techniques (ie, MacIntosh,
Cocker—Arnold, Ellison) are local infections asso-
ciated with LET hardware or sutures, damage to
the LCL, and intraoperative rupture of the ITB
graft,12.26:28

Furthermore, a cadaveric study by
Jaecker et al?® reported that the modified
Lemaire technique may lead to tunnel conver-
gence when combined with ACLR. In their re-
search, the ITB strip was attached to a previous-
ly prepared 6 mm x 20 mm tunnel using an inter-
ference screw. In our study, tunnel convergence
was not observed intraoperatively. Our technique
seems to minimize the risk of its occurrence, since
the self-punching all-suture anchor does not re-
quire drilling, and its 2.8-mm footprint provides
shallow but solid placement. Apart from the size
of the implant used, another reason for the lack
of tunnel conflict in our study is that our method
recommends drilling the tunnel at a 20-30-degree
angle in the axial plane and a 20-degree angle in
the coronal plane. The studies on cadavers and
humans showed that the drilling angle of at least
30 degrees in the axial plane decreased the risk
of tunnel convergence nearly to zero.3%3" It is
worth noting that hardware irritation (pain or
discomfort), a relatively frequent complication
in the abovementioned studies which sometimes
warrants hardware removal, was not reported
among our patients. The anchor used had a low
profile that reduced hardware prominence, com-
pared with staples or screws, which might ex-
plain the lack of these particular adverse events.

Primary or revision ACLR is a procedure fre-
quently performed among middle-aged patients
with chronic pain and knee instability. Indica-
tions for additional LET procedures differ among
studies and are based on poor-quality evidence.
However, Getgood et al3? suggest the following
criteria: revision ACLR, high-grade pivot shift,

generalized ligamentous laxity, and young pa-
tients participating in pivoting sports. Studies
show that ACLR with LET augmentation restores
knee function partially or fully, and results in im-
proved postoperative clinical outcomes, as as-
sessed by knee questionnaires (KOOS, IKDC,
Lysholm, etc.).3® The extent of clinical improve-
ment does not differ regardless of the graft used
(hamstring, BTB, or quadriceps graft).3* Some
studies recorded better functional scores and
a higher rate of return to the preinjury sports
performance in revision ACLR with LET augmen-
tation, compared with revision ACLR alone, which
may explain the abovementioned indications for
additional LET procedure in revision ACLR.35-38 [t
is estimated that 63% of patients after a stand-
alone ACLR restore their preinjury sports perfor-
mance level.3° This study also showed a reduction
in the severity of symptoms, reflected by higher
scores in the KOOS, IKDC, and Lysholm scales,
and lower WOMAC scores, regardless of primary
or revision ACLR with LET augmentation.

This study has several limitations. There was no
control group, and the sample size was relative-
ly small, consisting of the local population with
a combination of concomitant knee lesions. Com-
plex injuries affect and complicate the recovery,
rehabilitation protocol, and postoperative clinical
assessments. However, other studies comprised
a comparable number of participants with coex-
istent injuries. The follow-up period was differ-
ent among the patients, and the time interval be-
tween the surgery and the examination was broad.
Finally, all surgeries were performed by a single
orthopedic surgeon, which could impact clini-
cal outcomes. On the other hand, they were per-
formed by a well-trained surgeon and instructor.

CONCLUSIONS This is the first study that fo-
cused on the description and evaluation of clini-
cal outcomes and complications after LET using
the mini-open modified Lemaire technique in con-
junction with ACLR. The reported technique us-
ing a self-punching all-suture anchor appears to
be an effective and safe approach that minimiz-
es the risk of complications. It provides a short-
er skin incision, which, compared with other LET
techniques, is associated with better esthetics and
does not require additional surgical devices and
interventions, such as drilling of tunnels.
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Abstract: Anterior cruciate ligament reconstruction with concurrent lateral extra-articular
tenodesis enhances rotational stability. However, not many studies describe radiological
features following the abovementioned procedure. The purpose of this study was to
evaluate the visibility and describe the sonographic morphology of the iliotibial band
strip harvested during the modified Lemaire technique and to establish a correlation
between these findings and clinical outcomes. Thirty-two consecutive patients underwent
primary or revision anterior cruciate ligament reconstruction with the addition of lateral
extra-articular tenodesis by the mini-open modified Lemaire technique. All individuals
completed the following preoperative and postoperative questionnaires: the KOOS-pain,
KOOS-symptoms, KOOS-ADL, KOOS-sport, KOOS-quality, IKDC, Lysholm, and WOMAC.
Each patient underwent a postoperative ultrasound examination to evaluate the lateral
extra-articular procedure, especially the harvested iliotibial band strip. The most common
ultrasound findings of the iliotibial band strip were its hyperechoic appearance (87.1%),
location at the level of the femur (58.1%), no surrounding effusion (83.9%), and no power
Doppler signal (100%). Effusion seen in sonographic images was correlated with KOOS-
symptoms postoperative scores (p = 0.0115). However, there were no correlations between
other iliotibial band strip sonographic features and clinical outcomes. The functional
score value increased in each patient compared to preoperative measurements. This is
the first study that evaluated the sonographic features of the iliotibial band strip after the
lateral extra-articular procedure by the mini-open modified Lemaire technique. Our study
indicates that ultrasonography is a useful tool in identifying the iliotibial band strip after the
mentioned procedure. Effusion observed around the strip on ultrasound was significantly
associated with worse KOOS-symptoms scores, suggesting potential clinical relevance.

Keywords: lateral extra-articular tenodesis; Lemaire; anterior cruciate ligament reconstruction;
iliotibial band strip; ultrasonography

1. Introduction

The knee is the second most frequently injured body site among high school athletes,
and anterior cruciate ligament (ACL) tears constitute over 50% of all knee injuries [1,2].
ACL tears affect 68.6 per 100,000 individuals annually, and 125,000-200,000 ACL recon-
structions (ACLRs) are performed yearly in the United States [3]. Although the annual cost
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of ACLR in the U.S. is approximately one billion dollars, it appears to be a cost-effective
procedure compared to conservative treatment [1,4]. ACLR restores the knee’s native
biomechanics and increases both anteroposterior and rotational stability. Moreover, this
procedure also addresses concomitant intra-articular lesions, such as meniscal tears and
chondral lesions [5-7]. Although the long-term clinical outcomes of standard intra-articular
ACLR techniques have been proven to reliably reduce knee instability, these techniques do
not fully restore the anterolateral rotational stability of the knee joint [8-10]. The reason
behind rotatory knee laxity is that ACL injury often results in damage to the anterolateral
knee structures (including the anterolateral ligament [ALL]) [11]. The integration of lateral
extra-articular tenodesis (LET) with ACLR enhances the anterolateral complex of the knee,
prevents persistent postoperative rotational instability, and reduces the risk of graft fail-
ure [12,13]. Several studies have reported that LET biomechanically aids in shifting the
load from the ACL graft, which subsequently decreases excess anterior tibial translation
and rotation [12-16]. Despite the abundant body of work on ACL identification in mag-
netic resonance imaging (MRI) and ultrasonography, the literature does not provide much
information on postoperative ultrasound findings of the iliotibial band (ITB) strip that is
harvested during the modified Lemaire technique [17]. Ultrasonography is a non-invasive
and cost-effective tool that allows assessment of soft tissue structures, making it particularly
suitable for evaluating the ITB strip. The primary objective of this study was to determine
the detectability of the ITB strip using ultrasound imaging and to describe its postoper-
ative sonographic appearance in patients undergoing combined ACLR and LET by the
modified Lemaire technique. Secondary aims included identifying any correlation between
sonographic findings of the ITB strip and clinical outcomes. A better understanding of this
subject creates potential opportunities to improve currently used therapeutic algorithms.

2. Materials and Methods
2.1. General Data

This study received approval from the local bioethics committee and all participants
gave informed consent before undergoing any study procedures (KB 347/2023). Clinical
participants consisted of 32 patients who underwent either primary or revision ACLR with
concomitant LET using the mini-open modified Lemaire technique. All patients presented
with chronic knee instability and pain. Preoperative confirmation of instability was based
on physical examination, as well as the identification of ACL tears or retears on non-contrast
knee MRIs.

Inclusion criteria were as follows: a complete novel ACL injury or ACL graft injury
with symptomatic instability, age 18-64 years, and patients’ expectations of retuting to their
pre-injury level of physical activity is a seperate criteria; it should be “patients” expectations
of returning to their pre-injury level of physical activity, general health condition according
to the American Society of Anesthesiologists (ASA)” Physical Status Classification Sys-
tem < III. Exclusion criteria were as follows: an ACL tear without symptomatic instability,
significant malalignment, prior surgery to the contralateral knee, contralateral knee injury,
an ASA classification > IV, and age < 18 years or >65 years.

2.2. Operative Technique

All patients underwent ACLR with concomitant LET using the mini-open modified
Lemaire technique. Arthroscopy was performed to evaluate additional injuries and confirm
ACL tears. The standard ACLR technique was performed after arthroscopic evaluation
of the knee joint. An autologous 4-strand hamstring graft (semitendinosus and gracilis
tendons) was performed in primary ACLR, while a bone-patellar tendon-bone graft (BTB)
was performed in revision ACLR. Both grafts were harvested using standard techniques.
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LET, based on the mini-open modified Lemaire technique, was performed with a 4-5 cm
skin incision between the lateral femoral epicondyle and Gerdy tubercle. The ITB was
identified and a 1 cm wide X 8 cm long strip was harvested. Distal insertion of the ITB was
preserved, while the proximal part of the graft was slipped under the LCL. Subsequently,
the ITB strip was fixed slightly proximally and posteriorly to the lateral epicondyle of the
femur using a self-punching anchor under moderate tension.

All patients participated in the same standardized postoperative rehabilitation protocol
and were provided with external hinge braces for 6 weeks.

2.3. Follow-Up Examination

Patients were asked preoperatively to complete demographic information and the
following questionnaires: the Knee Injury and Osteoarthritis Outcome Score pain subscale
(KOOS-pain), symptoms subscale (KOOS-symptoms), function in daily living subscale
(KOOS-ADL), function in sport and recreation subscale (KOOS-sport), and knee-related
Quality of Life subscale (KOOS-quality); the International Knee Documentation Committee
subjective knee evaluation form (IKDC); the Lysholm knee scoring scale (Lysholm); and the
Western Ontario and McMaster Universities Arthritis Index (WOMAC). With a minimum
follow-up of 55 days, all patients came back to our department and postoperative KOOS-
pain, KOOS-symptoms, KOOS-ADL, KOOS-sport, KOOS-quality, IKDC, Lysholm, and
WOMAC questionnaires were administered. Each KOOS subscale and the IKDC and
Lysholm scales calculate and grade an overall score from 0 to 100 based on the answered
questions. Higher scores indicate better function and fewer symptoms. Conversely, higher
scores (from 0 to 96) on the WOMAC indicate functional limitations, worse pain, and
stiffness. Subsequently, all patients underwent ultrasound examination performed by
2 orthopaedic surgeons experienced in musculoskeletal sonography (Esaote My Lab X5)
using a 4-15 MHz linear transducer. The examiners were blinded to any previous imaging
data. The protocol of the sonographic examination was as follows: a supine position,
the knee in 90° of flexion, a linear transducer placed over the lateral knee in a coronal
oblique plane, the location of the lateral collateral ligament (LCL) extending from the
femur to the fibula in its long axis, and identification of the ITB strip in its short axis as a
rounded structure below the LCL. The visible scar on the skin after lateral extra-articular
tenodesis and characteristic bone landmarks, such as the lateral condyle of the femur,
Gerdy’s tubercle, and the fibular head, assisted in ITB identification. During examination,
the following sonographic parameters were documented: measurements of width and
height, colour Doppler assessment of the ITB strip, ITB strip echogenicity, the presence
of effusion around the ITB strip, and the location of the ITB strip according to designated
zones. Throughout the follow-up, intraoperative and postoperative complications and
reinjury were documented.

2.4. Statistical Analysis

Statistical calculations were performed in GraphPad, Prism software (GraphPad 8.0.1
Software, Dotmatics, UK). The normality of distribution was verified using the Shapiro—
Wilk test. Effusion and echogenicity were analysed using the Mann-Whitney test, LET strip
location by the Kruskal-Wallis test, and width and height using Spearman’s correlation
analysis (two-tailed). Qualitative variables were characterized by the number of obser-
vations and their structures. For numerical variables, i.e., mean and standard deviation,
median and range were calculated depending on the type of distribution. The level of
statistical significance was less than 0.05.
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3. Results

A total of 32 patients were included in this study; 28 individuals (87.5%) were males
and 4 were females (12.5%). The mean age in the studied group was 35.7 £ 12.1 years
(range 20-63). A total of 27 patients (84.4%) underwent primary ACLR and LET surgery,
while 5 patients (15.6%) had revision ACL and LET. Ultrasound examination was performed
an average 234.5 £ 136.3 days (range 55-478) after surgery.

The ITB strip was seen in 31 individuals (96.9%). In one patient it was impossible to
localize the graft using ultrasounds. On ultrasonography, effusion around the LET strip
was present in five patients (16.1%). Regarding echogenicity, the hyperechoic LET strip was
present in 27 (87.1%) patients, and the hypoechoic ITB strip in 4 (12.9%). Measurements in
ultrasounds revealed that the average width of ITB strips was 5.0 & 1.6 mm, while their
height was 4.6 mm £ 1.2 mm. Localization of ITB strips was as follows: 18 LET strips
(58.1%) were localized at the level of the femur, 11 (35.5%) were between the femur and
the tibia, and 2 (6.5%) were at the level of the tibia. The vascularization ITB strip was not
present using power Doppler sonography; the signal was negative. A schematic illustration
depicting the ITB strip is presented in Figure 1, while particular sonographic features are
presented in Figure 2. Ultrasound images of ITB strips in Figure 2 were obtained from
different patients showing their normal sonographic appearance and potential pathologies.
Itis important to note that the sonographic appearance of the ITB strip may differ depending
on the level and orientation of the scan and the device used. These factors may influence
the ITB strip echotexture and the visibility of surrounding structures. Demographic data
and sonographic features are shown in Table 1.

Figure 1. Illustration showing the harvested ITB strip (grey strip) passed under the LCL (white strip)
following the modified Lemaire technique. 1—lateral collateral ligament, 2—Gerdy’s tubercule (the
point of insertion for the ITB), 3—attachment site of the proximal fragment of the harvested graft that
should be located proximally and posteriorly to the lateral epicondyle of the femur.
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Figure 2. Sonographicpictures of ITB strips obtained from different patients showing their normal

sonographic appearance and potential pathologies. (A) Ultrasonographic short-axis scan of the
iliotibial band (ITB) strip (arrow) located at the level of the tibia. The ITB strip is hyperechoic. (B) Ul-
trasonographic short-axis scanof the iliotibial band (ITB) strip (arrow) located between the femur and

the tibia. The echogenicity of the ITB strip is slightly altered with centresof significantly decreased
echogenicity. (C) Ultrasonographic short-axis scanof the iliotibial band (ITB) strip (arrow) located
between the femur and the tibia. The ITB strip is hyperechoicwith the surrounding hypoechogenic
area,suggesting the presenceof fluid (*). (D) Ultrasonographic short-axis scanof the iliotibial band

(ITB) strip (arrow) located at the level of the tibia. The ITB strip is hyperechoicwith the surrounding

hypoechogenic area, suggesting the presenceof fluid (*). F—femur; T—tibia; LCL—Iateral collateral

ligament; *—presenceof fluid.
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Table 1. Patient demographics and sonographic features.

General
Sex, n males (%) 28 (87.5)
Age, years (mean + SD) 357121
Limb side, right (%) 19 (59.4)
Primary ACLR (%) 27 (84.4)
Revision ACLR (%) 5 (15.6)
Postoperative evaluation, days (mean + SD) 234.5 £136.3
Sonographic features of ITB strips
Visibility (%) 31 (96.9)
Width, mm (mean + SD) 50+ 1.6
Height, mm (mean £ SD) 46412
Hyperechogenicity (%) 27 (87.1)
Effusion (%) 5(16.1)
Power Doppler signal (%) 0 (0)
Location at the level of the femur (%) 18 (58.1)
Location at the level of the tibia (%) 2 (6.5)
Location between the femur and the tibia (%) 11 (35.5)

Functional score values increased in each case compared to pre-operative measure-

ments. There were statistically significant increases in KOOS-pain, KOOS-symptom:s,
KOOS-ADL, KOOS-sport, KOOS-quality, IKDC, and Lysholm scores. WOMAC scores
decreased postoperatively and were also statistically significant, which indicates improved

clinical results. Outcome scores are presented in Table 2. The negative correlation between

the postoperative KOOS-symptoms score and effusion around the ITB strip was noticed and
is presented in Figure 3. However, KOOS-pain, KOOS-ADL, KOOS-sport, KOOS-quality,
IKDC, Lysholm, and WOMAC scores were not correlated.

Table 2. Preoperative and postoperative clinical outcomes comparison.

Before Surgery After Surgery
Mean Standard Deviation Mean Standard Deviation p-Value
KOOS-pain 59.88 19.26 80.46 15.52 <0.0001
KOOS-symptoms 60.59 23.78 82.38 15.72 <0.0001
KOOS-ADL 67.39 22.74 90.36 10.81 <0.0001
KOOS-sport 36.95 27.35 70.47 24.96 <0.0001
KOOS-quality 35.09 22.09 61.57 18.23 <0.0001
IKDC 49.93 19.59 72.18 15.32 <0.0001
Lysholm 49.47 20.78 77.31 18.34 <0.0001
WOMAC 30.19 20.08 12.63 12.08 0.0002

Correlations of ultrasound features of ITB strips (such as width and height) and clinical
outcomes assessed using scales are summarized in Tables 3-5. There were no correlations

between clinical outcomes and the ITB strips” width, height, echogenicity, or location.
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p = 0.0015
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Figure 3. The negative correlation between postoperative KOOS-symptoms scores and effusion
around ITB strips.

Table 3. Significance levels (p-values) of correlations between ultrasound features (width and height)
and clinical scores.

Ultrasound Feature

Width Height
KOOS-pain 0.269 0.353
KOOS-symptoms 0.847 0.751
KOOS-ADL 0.396 0.751
KOOS-sport 0.549 0.123
KOOS-quality 0.888 0.895
IKDC 0.969 0.701
Lysholm 0.637 0.888
WOMAC 0.164 0.706

Table 4. Significance levels (p-values) of correlations between ultrasound features (echogenicity and
effusion) and clinical scores using the Mann-Whitney test. *—statistical significance.

Ultrasound Feature

Echogenicity Effusion

KOOS-pain 0.352 0.592
KOOS-symptoms 0.922 0.012 %
KOOS-ADL 0.723 0.536
KOOS-sport 0.443 0.533
KOOS-quality 0.963 0.453
IKDC 0.788 0.139
Lysholm 0.853 0.060
WOMAC 0.723 0.765
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Table 5. Significance levels (p-values) of correlations between ultrasound features (location of the ITB
strip) and clinical scores using the Kruskal-Wallis test.

Ultrasound Feature—Location

At the Level of the Between the Femur At the Level of the

Femur and the Tibia Tibia

KOOS-pain 0.502 0.905 0.500
KOOS-symptoms 0.222 0.300 0.134
KOOS-ADL 0.724 0.440 0.986
KOOS-sport 0.443 0.716 0.623
KOOS-quality 0.600 0.337 0.185
IKDC 0.446 0.740 0.645
Lysholm 0.369 0.351 0.240
WOMAC 0.369 0.968 0.550

4. Discussion

To our knowledge, this was the first investigation that evaluated the visibility of
the ITB strip, examined its morphology using ultrasound, and tried to find any links
between ultrasound features and clinical outcomes. The detectability of the ITB strip using
ultrasound imaging was presented and its sonographic appearance was described. This
study also demonstrated that effusion around the ITB strip in the ultrasound was negatively
correlated with the KOOS-symptoms subscale that includes questions regarding knee joint
stiffness in various positions, swelling, sensations of clicking and locking, as well as the
ability to achieve a full range of motion. This relationship may be considered a negative
symptom after a LET procedure indicating irritation or inflammation of the ITB strip and
potentially contributing to mechanical symptoms mentioned above [18]. However, other
functional scores, such as KOOS-pain, KOOS-ADL, KOOS-sport, IKDC, Lysholm, and
WOMAC scores, did not support this indication. Moreover, other correlations between
ultrasound features and clinical scores were not provided.

Sonographic measurements showed that the average width of ITB strips was
5.0 &+ 1.6 mm, while their height was 4.6 mm =+ 1.2 mm and their shape in a short axis was
rounded. Essentially, in the Lemaire technique or its modification, it is recommended to
obtain a flat graft with a width of 1 to 1.5 cm [19]. The discrepancy between the sonographic
measurement and the intraoperative dimensions of the ITB graft harvested according to the
surgical technique may result from the fact that the ITB strip undergoes moderate tension
during fixation to the lateral femoral condyle. This tension may lead to a reduction in its
width and a more rounded shape. Moreover, changes in its size and shape may also be
attributed to spontaneous ligamentization processes similar to those observed during the
maturation of ACL grafts [20]. In other LET techniques, the following ITB strip widths are
advised: the MacIntosh technique and its modification (Arnold and Coker), 2 cm; and the
Ellison technique, 1.5 cm [21]. However, if a thinner or wider LET strip led to better clinical
results, then surgical techniques recommending a thinner or wider strip would be preferred,
but the literature shows that different LET techniques provide similar functional outcomes
and rotational stability [22]. This may partially explain why no correlation between the
ITB size and clinical outcomes was demonstrated in this study. Regarding the echogenicity
of the ITB strip, our results suggest that a hyperechogenic appearance is physiological,
as the majority of cases (87.1%) demonstrated this pattern. In contrast, hypoechogenicity
may indicate an ongoing pathological process. However, this ultrasound feature was not
associated with clinical outcome scores. The absence of a power Doppler signal in the ITB
strip may be interpreted as a lack of hyperemia, which typically correlates with the absence
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of active inflammation or neovascularization. This is consistent with studies showing that
mature tendon or graft tissues exhibit no Doppler activity under normal physiological
conditions. In contrast, an increased Doppler signal is often associated with tendinopathy
or inflammatory changes [23].

There are a few studies that evaluated patients after ACLR and LET procedures, mainly
using MRI rather than other imaging techniques. For instance, Lobo et al. presented the
ITB strip’s appearance after a modified Lemaire technique on the coronal and axial planes.
On the coronal plane, the ITB strip coursed obliquely, and on both planes a gap in the
central portion of the ITB was observed that was secondary to graft harvesting. They also
included imaging findings of the attachment of the ITB strip using the interference screw
in the lateral femoral epicondyle [17]. However, the number of studies evaluating ITB
strip morphology assessed using MRI or other imaging techniques is limited. Researchers
primarily focus on radiological assessment of results of ACLR and LET procedures. For
instance, some authors presented postoperative complications of the LET procedure, such
as LET graft failure, hematoma, infection, tunnel convergence, etc., seen in X-ray, computed
tomography, and MRI [24]. Other scientists who investigated the LET graft using MRI
suggested that it absorbs a portion of the forces acting on the knee, thereby reducing the
load on the ACL graft, which may hasten its regeneration [25]. For instance, Cavaignac
et al. presented that the addition of LET to ACLR improves the maturation of the ACL graft
and its incorporation as assessed using MRI at the 12-month follow-up. However, there
were no differences in clinical outcomes between ACLR alone and ACLR+LET groups [26].
On the other hand, Rojas et al. showed that the application of the LET procedure during
primary ACLR may slow the healing hamstring ACL graft at 10 months postoperatively, as
observed via MRI [27]. There were also studies using quantitative MRI aimed at assessing
accelerated osteoarthritis after the ACLR + LET procedure, but it was not proven [28].

As there are cadaveric studies that investigated biomechanical properties of LET de-
pending on the location of its attachment to the lateral femoral epicondyle, we decided to
divide localization of the ITB strip under LCL as seen in ultrasound into three zones: at the
level of femur, between the femur and the tibia, and at the level of the tibia. For instance,
biomechanical studies show that LET insertion proximal to the LCF may present a steady
length change pattern and lower the total strain range compared to situations when its in-
sertion is localized anteriorly and distally to the LCF [29]. Moreover, apart from localization
of the LET attachment, graft behaviour may be influenced by its course, which finally may
affect knee joint kinematics and cause overconstraint in internal rotation [30]. Therefore,
we designated the aforementioned three zones, as they could reflect the fibre route and the
location of the ITB strip attachment. However, we did not find any relationship between
the ITB strip area and clinical outcomes. This may suggest that our zones do not accurately
reflect the location of LET attachment; that the postoperative healing process of knee tissues
is complex and ultimately affects knee biomechanics that cannot be predicted on cadavers;
or that different factors during surgery, such as graft size, graft tension, the fixation method,
and knee angle during ITB strip attachment, affect the final result.

This pilot study provides initial insight into the utility of ultrasonography for the
detection and evaluation of the ITB strip after the modified Lemaire technique. Based on
these preliminary findings, future research should focus on larger, multicentre cohorts
to validate the observed results and further expand the prognostic value of ultrasound-
detected effusion. Additionally, long-term studies may enhance understanding of graft
integration and postoperative knee function. This study had several limitations. Firstly,
the sample size was relatively small and consisted of the local population with complex
knee injuries. However, this sample size was considered sufficient for the primary aim of
the study—namely, to assess the feasibility of identifying the ITB strip using ultrasound,
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which has not been described in the literature to date. Secondly, clinical outcomes could
be affected by applying two types of treatment—ACLR and LET. However, separation
of these two methods is not practiced anymore due to poor clinical results after treating
ACL rupture sole with LET. Thirdly, the follow-up period was different among patients
and the range of days between surgery and examination was wide. Lastly, sonographic
examination highly depends on the device used and the examiner’s experience.

5. Conclusions

This is the first study that focused on sonography of the ITB strip after a LET procedure
by the modified Lemaire technique in conjunction with ACLR. Ultrasound seems to be
useful in detecting the ITB strip, which may allow the verification of a successful LET
procedure. Even though ultrasound examination is limited due to its subjective nature,
certain sonographic findings regarding ITB strips were presented. Further research on
the effusion around harvested ITB strips is needed to establish whether its effusion may
influence clinical outcomes in patients.

Author Contributions: Conceptualization, ].E. and J.Z.; methodology, ].E.; validation, ].Z. and P.P;
formal analysis, J.E.; investigation, J.E.; resources, J.Z.; writing—original draft preparation, J.E.;
writing—review and editing, ].E.; supervision, P.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board (or Ethics Committee) of Komisja
Bioetyczna Uniwersytetu Mikotaja Kopernika w Toruniu, Collegium Medicum im. Ludwika Rydy-
giera w Bydgoszczy (KB 347/2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author, the data are not publicly available due to privacy and ethical restrictions.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Sayampanathan, A.A.; Howe, B.K.T.; Bin Abd Razak, H.R.; Chi, C.H.; Tan, A.-H.C. Epidemiology of Surgically Managed Anterior
Cruciate Ligament Ruptures in a Sports Surgery Practice. J. Orthop. Surg. 2017, 25, 2309499016684289. [CrossRef] [PubMed]

2. Swenson, D.M.; Collins, C.L.; Best, T.M.; Flanigan, D.C.; Fields, S.K.; Comstock, R.D. Epidemiology of Knee Injuries among Us
High School Athletes, 2005/06-2010/11. Med. Sci. Sports Exerc. 2013, 45, 462—-469. [CrossRef] [PubMed]

3. Biaty, M.; Kublin, K.; Brzuszkiewicz-Kuzmicka, G.; Gnat, R. Myofascial and Movement Tests after Anterior Cruciate Ligament
Reconstruction. J. Hum. Kinet. 2022, 83, 67-75. [CrossRef]

4. Afzali, T; Fangel, M.V,; Vestergaard, A.S.; Rathleff, M.S.; Ehlers, L.H.; Jensen, M.B. Cost-Effectiveness of Treatments for Non-
Osteoarthritic Knee Pain Conditions: A Systematic Review. PLoS ONE 2018, 13, €0209240. [CrossRef]

5. Montalvo, A.M.; Schneider, D.K.; Webster, K.E.; Yut, L.; Galloway, M.T.; Heidt, R.S.; Kaeding, C.C.; Kremcheck, T.E.; Magnussen,
R.A.; Parikh, S.N; et al. Anterior Cruciate Ligament Injury Risk in Sport: A Systematic Review and Meta-Analysis of Injury
Incidence by Sex and Sport Classification. J. Athl. Train. 2019, 54, 472-482. [CrossRef]

6. LaBella, C.R.; Hennrikus, W.; Hewett, T.E.; Council on Sports Medicine and Fitness, and Section on Orthopaedics; Brenner,
J.S.; Brookes, M.A.; Demorest, R.A.; Halstead, M.E.; Kelly, A K.W.; Koutures, C.G.; et al. Anterior Cruciate Ligament Injuries:
Diagnosis, Treatment, and Prevention. Pediatrics 2014, 133, e1437-e1450. [CrossRef]

7. Tuca, M.; Valderrama, I; Eriksson, K.; Tapasvi, S. Current Trends in Anterior Cruciate Ligament Surgery. A Worldwide Benchmark
Study. J. ISAKOS 2023, 8, 2-10. [CrossRef] [PubMed]

8. Magnussen, R.A.; Reinke, E.K.; Huston, L.J.; Hewett, T.E.; Spindler, K.P.; Andrish, ].T.; Jones, M.H.; Parker, R.D.; McCarty, E.C,;

Marx, R.G,; et al. Effect of High-Grade Preoperative Knee Laxity on Anterior Cruciate Ligament Reconstruction Outcomes. Am. J.
Sports Med. 2016, 44, 3077-3082. [CrossRef]

49


https://doi.org/10.1177/2309499016684289
https://www.ncbi.nlm.nih.gov/pubmed/28142351
https://doi.org/10.1249/MSS.0b013e318277acca
https://www.ncbi.nlm.nih.gov/pubmed/23059869
https://doi.org/10.2478/hukin-2022-0052
https://doi.org/10.1371/journal.pone.0209240
https://doi.org/10.4085/1062-6050-407-16
https://doi.org/10.1542/peds.2014-0623
https://doi.org/10.1016/j.jisako.2022.08.009
https://www.ncbi.nlm.nih.gov/pubmed/36154898
https://doi.org/10.1177/0363546516656835

Appl. Sci. 2025, 15, 4702 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Na, B.-R.; Kwak, W.-K_; Seo, H.-Y.; Seon, J.-K. Clinical Outcomes of Anterolateral Ligament Reconstruction or Lateral Extra-
Articular Tenodesis Combined with Primary ACL Reconstruction: A Systematic Review with Meta-Analysis. Orthop. ]. Sports
Med. 2021, 9, 23259671211023099. [CrossRef]

Grassi, A.; Pizza, N.; Al-zu’bi, B.B.H.; Fabbro, G.D.; Lucidi, G.A.; Zaffagnini, S. Clinical Outcomes and Osteoarthritis at Very
Long-Term Follow-up After ACL Reconstruction: A Systematic Review and Meta-Analysis. Orthop. ]. Sports Med. 2022,
10, 23259671211062238. [CrossRef]

Musahl, V.; Getgood, A.; Neyret, P.; Claes, S.; Burnham, ].M.; Batailler, C.; Sonnery-Cottet, B.; Williams, A.; Amis, A.; Zaffagnini,
S.; et al. Contributions of the Anterolateral Complex and the Anterolateral Ligament to Rotatory Knee Stability in the Setting of
ACL Injury: A Roundtable Discussion. Knee Surg. Sports Traumatol. Arthrosc. 2017, 25, 997-1008. [CrossRef] [PubMed]

Devitt, BM.; Bell, SW.; Ardern, C.L.; Hartwig, T.; Porter, T.J.; Feller, J.A.; Webster, K.E. The Role of Lateral Extra-Articular
Tenodesis in Primary Anterior Cruciate Ligament Reconstruction: A Systematic Review with Meta-Analysis and Best-Evidence
Synthesis. Orthop. J. Sports Med. 2017, 5, 2325967117731767. [CrossRef] [PubMed]

Temperato, J.; Ewing, M.; Nuelle, C.W. Lateral Extra-Articular Tenodesis with Iliotibial Band Using Knotless All-Suture Anchor
Femoral Fixation. Arthrosc. Tech. 2023, 12, e677—-e682. [CrossRef]

Feller, J.A.; Devitt, B.M.; Webster, K.E.; Klemm, H.]. Augmentation of Primary ACL Reconstruction with a Modified Ellison Lateral
Extra-Articular Tenodesis in High-Risk Patients: A Pilot Study. Orthop. . Sports Med. 2021, 9, 23259671211021351. [CrossRef]
Rowan, FE.; Huq, S.S.; Haddad, ES. Lateral Extra-Articular Tenodesis with ACL Reconstruction Demonstrates Better Patient-
Reported Outcomes Compared to ACL Reconstruction Alone at 2 Years Minimum Follow-Up. Arch. Orthop. Trauma. Surg. 2019,
139, 1425-1433. [CrossRef] [PubMed]

Joseph, L.; Demey, G.; Chamu, T.; Schmidt, A.; Germain, A.; van Rooij, F; Saffarini, M.; Dejour, D. Adding a Modified Lemaire
Procedure to ACLR in Knees with Severe Rotational Knee Instability Does Not Compromise Isokinetic Muscle Recovery at the
Time of Return-to-Play. J. Exp. Ortop. 2020, 7, 84. [CrossRef]

Lobo, C.ET.; Helito, P.V.P,; Bordalo-Rodrigues, M.; Helito, C.P. Computed Tomography (CT), X-Ray, and MRI Evaluation of Two
Anterolateral Knee Reconstruction Techniques: Lateral Extra-Articular Tenodesis (LET) and the Anterolateral Ligament (ALL)
Reconstruction. Skelet. Radiol. 2020, 49, 1037-1049. [CrossRef]

Chiang, Y.-P.; Wang, T.-G.; Lew, H.L. Application of High Resolution Ultrasound for Examination of the Knee Joint. J. Med.
Ultrasound 2007, 15, 203-212. [CrossRef]

McAleese, T.; Murgier, J.; Cavaignac, E.; Devitt, B.M. A Review of Marcel Lemaire’s Original Work on Lateral Extra-Articular
Tenodesis. J. ISAKOS 2024, 9, 431-437. [CrossRef]

Sanchez, M.; Anitua, E.; Azofra, J.; Prado, R.; Muruzabal, F; Andia, I. Ligamentization of Tendon Grafts Treated with an
Endogenous Preparation Rich in Growth Factors: Gross Morphology and Histology. Arthrosc. J. Arthrosc. Relat. Surg. 2010,
26, 470-480. [CrossRef]

Slette, E.L.; Mikula, J.D.; Schon, J].M.; Marchetti, D.C.; Kheir, M.M.; Turnbull, T.L.; LaPrade, R.F. Biomechanical Results of Lateral
Extra-Articular Tenodesis Procedures of the Knee: A Systematic Review. Arthrosc. J. Arthrosc. Relat. Surg. 2016, 32, 2592-2611.
[CrossRef]

Laksana, LK.M.; Aryana, I.W,; Pratistha, I.R.T. Functional Outcomes of ACL Reconstruction with Lateral Extra-Articular Tenodesis
Using Modified Lemaire Procedure Versus Modified MacIntosh Procedure: A Systematic Review. Orthop. ]. Sports Med. 2023,
11, 2325967121500870. [CrossRef]

Suzuki, T. Power Doppler Ultrasonographic Assessment of the Ankle in Patients with Inflammatory Rheumatic Diseases. World J.
Orthop. 2014, 5, 574-584. [CrossRef]

Marshall, D.C;; Silva, ED.; Goldenberg, B.T.; Quintero, D.; Baraga, M.G.; Jose, ]. Imaging Findings of Complications After Lateral
Extra-Articular Tenodesis of the Knee: A Current Concepts Review. Orthop. J. Sports Med. 2022, 10, 23259671221114820. [CrossRef]
[PubMed]

Retzky, J.S.; Chipman, D.E.; Mintz, D.N.; Cordasco, F.A.; Green, D.W. Association of Lateral Extra-Articular Tenodesis with
Improved Graft Maturity on MRI 2 Years After ACL Reconstruction with Quadriceps Tendon Autograft in Skeletally Immature
Athletes. Orthop. ]. Sports Med. 2024, 12, 23259671231211885. [CrossRef] [PubMed]

Cavaignac, E.; Mesnier, T.; Marot, V.; Fernandez, A.; Faruch, M.; Berard, E.; Sonnery-Cottet, B. Effect of Lateral Extra-Articular
Tenodesis on Anterior Cruciate Ligament Graft Incorporation. Orthop. ]. Sports Med. 2020, 8, 2325967120960097. [CrossRef]
Rojas, G.; Perelli, S.; Ibanez, M.; Formagnana, M.; Ormazabal, I.; Monllau, J.C. Effect of Modified Lemaire Anterolateral Extra-
Articular Tenodesis on the Magnetic Resonance Imaging Maturity Signal of Anterior Cruciate Ligament Hamstring Graft. Am. J.
Sports Med. 2021, 49, 2379-2386. [CrossRef]

Nakanishi, Y.; Hegarty, P; Vivacqua, T; Firth, A.; Milner, ].S.; Pritchett, S.; Willits, K.; Litchfield, R.; Bryant, D.; Getgood, A.M.]J.
Quantitative MRI Analysis of Patellofemoral Joint Cartilage Health 2 Years After Anterior Cruciate Ligament Reconstruction and
Lateral Extra-Articular Tenodesis. Am. J. Sports Med. 2024, 52, 1773-1783. [CrossRef]

50


https://doi.org/10.1177/23259671211023099
https://doi.org/10.1177/23259671211062238
https://doi.org/10.1007/s00167-017-4436-7
https://www.ncbi.nlm.nih.gov/pubmed/28286916
https://doi.org/10.1177/2325967117731767
https://www.ncbi.nlm.nih.gov/pubmed/29124075
https://doi.org/10.1016/j.eats.2023.01.004
https://doi.org/10.1177/23259671211021351
https://doi.org/10.1007/s00402-019-03218-3
https://www.ncbi.nlm.nih.gov/pubmed/31297583
https://doi.org/10.1186/s40634-020-00302-1
https://doi.org/10.1007/s00256-020-03402-2
https://doi.org/10.1016/S0929-6441(08)60038-7
https://doi.org/10.1016/j.jisako.2024.02.006
https://doi.org/10.1016/j.arthro.2009.08.019
https://doi.org/10.1016/j.arthro.2016.04.028
https://doi.org/10.1177/2325967121S00870
https://doi.org/10.5312/wjo.v5.i5.574
https://doi.org/10.1177/23259671221114820
https://www.ncbi.nlm.nih.gov/pubmed/36062159
https://doi.org/10.1177/23259671231211885
https://www.ncbi.nlm.nih.gov/pubmed/38188621
https://doi.org/10.1177/2325967120960097
https://doi.org/10.1177/03635465211018858
https://doi.org/10.1177/03635465241248642

Appl. Sci. 2025, 15, 4702 12 of 12

29. Jaecker, V.; Naendrup, ].-H.; Pfeiffer, T.R.; Bouillon, B.; Shafizadeh, S. Radiographic Landmarks for Femoral Tunnel Positioning in
Lateral Extra-Articular Tenodesis Procedures. Am. J. Sports Med. 2019, 47, 2572-2576. [CrossRef]

30. Kittl, C.; Halewood, C.; Stephen, ] M.; Gupte, C.M.; Weiler, A.; Williams, A.; Amis, A.A. Length Change Patterns in the Lateral
Extra-Articular Structures of the Knee and Related Reconstructions. Am. J. Sports Med. 2015, 43, 354-362. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

51


https://doi.org/10.1177/0363546519864580
https://doi.org/10.1177/0363546514560993

Publikacja Ill

52



1) Check for updates

Clinical Sports Medicine Update

Indications for Lateral Extra-articular
Tenodesis in Anterior Cruciate Ligament
Reconstruction

A Systematic Review
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Background: The anterior cruciate ligament (ACL) is a major sagittal plane stabilizer of the knee joint. Even if anterior laxity can be
brought under control by utilizing modern surgical techniques, internal rotational instability may not always be controlled ade-
quately. Various surgical techniques are used to prevent this coronal or rotational instability, such as lateral extra-articular tenod-
esis (LET). Despite an abundance of articles in recent decades discussing LET in ACL reconstruction, no definitive indicators for
extra-articular tenodesis have been described in the literature.

Purpose: Given the scarcity of literature assessing the indications in LET, the purpose of this study was to conduct a systematic
review of the described indications for this operation in the context of concurrent ACL reconstruction.

Study Design: Systematic review; Level of evidence, 4.

Methods: We searched PubMed, Cochrane Central, ScienceDirect, Web of Science, and Embase using the following key terms
with no limits regarding the year of publication: (extraarticular OR extraarticular) AND (tenodesis OR plasty OR augmentation OR
procedure or reconstruction OR reconstructive OR surgical OR surgery OR technique) AND (ACL OR anterior cruciate ligament).
We included clinical human studies based on levels of evidence 1 to 4 that were written in English. We excluded studies not writ-
ten in English, case studies, reviews, letters to editors, conference abstracts, or studies containing incomplete or irrelevant data.

Results: The analysis evaluated 29 articles published between 1999 and 2023. We evaluated mostly level 3 (n = 13) and level 4 (n
= 12) evidence; however, there were 4 articles with level 1 evidence. The majority of the studies were retrospective (n = 21),
although there were prospective studies (n = 8). The mean age of the participants was 24.4 years. The most prevalent indications
for LET were high-risk sports (16 articles), medial meniscal repair/excision (11 articles), and pivot-shift test grades 2 and 3 (11
articles).

Conclusion: The reviewed articles showed reduced pivoting and laxity, improved clinical outcomes, and decreased revision rates
after primary ACL reconstruction. The main frequent and repeated indications for using LET in ACL reconstruction are meniscal
surgery, sports activity, and grade 2 and 3 pivoting.

Keywords: LET; ACL; ACLR; ALL; knee; multiligament knee injuries

The anterior cruciate ligament (ACL) is one of the major lig-
aments that stabilizes the knee joint. It has multiple func-
tions: rotation control and prevention of excessive knee
extension and anterior tibial translation. The prevalence of
ACL injuries has doubled in recent years. Without a doubt,
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the growing popularity of competitive team sports explains
the rapid rise in the occurrence of ACL injuries.?33%-32

The ACL is the most frequently operated ligament in
the knee and ACL reconstruction is one of the most fre-
quently performed knee surgical procedures. The initial
course of treatment is reconstruction with arthroscopic
assistance. Although the exact number is unknown,
roughly 200,000 ACL injuries occur each year in the
United States, with 100,000 ACL reconstructions (ACLRs)
performed. The primary goal of surgery is to reduce
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sagittal and rotational instability, restore knee stability,
and prevent future meniscal tears in addition to chondral
injuries.®”

It is crucial to acknowledge the significance of extra-
articular procedures for enhancing knee stability after sur-
gery. Postoperative outcomes have recently emphasized per-
sistent rotatory knee instability after surgery.'”*® Even if
anterior laxity can be brought under control by utilizing
modern surgical techniques, internal rotational instability
may not always be controlled adequately. Various surgical
techniques are used to prevent this coronal or rotational
instability, such as lateral extra-articular tenodesis (LET).
LET reduces anterolateral rotatory laxity, which conse-
quently lowers the chances of graft failure, especially in
high-risk patient groups.®®* LET is typically performed as
an augmentation to ACLR. Lemaire first described the lat-
eral tenodesis operation in the mid-1960s as a surgical
treatment for anterolateral knee instability. Despite an
abundance of articles in recent decades discussing LET in
ACLR, no definitive indicators for extra-articular tenodesis
have been described in the literature.!

Furthermore, the American Orthopaedic Society for
Sports Medicine consensus of 1989 noted that extra-
articular operations in patients with ACL injuries did not
produce satisfactory results, prompting many surgeons to
forsake the LET concept for several years. Additionally,
owing to the advancement of arthroscopic techniques,
LET ceased to be used for many years.!® Another break-
through was published by Claes et al,* who described the
anatomy of the anterolateral ligament (ALL) of the knee
joint in detail, therefore recently revisiting the LET
concept.

Other authors noted that the maximum tension of the
ALL occurs during simultaneous knee flexion and internal
tibial rotation.®!” In a cadaver investigation, Thein et al®*
discovered that the load carried by the ALL during the
pivot-shift test with an intact ACL and knee flexion of
30° was only 16.6% of the force pressing on the ACL;
once the ACL was cut, this figure increased >3-fold. These
studies suggest that the ALL has a substantial role in the
biomechanics of the knee joint, specifically in limiting
internal rotation in patients with a torn ACL.

Given the scarcity of literature assessing the indications
in LET, the purpose of this study was to conduct a system-
atic review of the described indications for this operation in
the context of concurrent ACLR. We hypothesized that the
indications for LET would be inconsistent; thus, we con-
centrated on finding the primary indications for this
procedure.

The American Journal of Sports Medicine

METHODS

Search Strategy

To identify all the essential studies that reported relevant
information and data concerning the indications in LET,
an extensive search of the major and significant electronic
databases (PubMed, Cochrane Central, ScienceDirect, Web
of Science, and Embase) was performed by 3 independent
authors (M.A., M.S., B.M.).

A systematic investigation was conducted in November
2023 using combinations of the following key terms with no
limits regarding the year of publication: (extra-articular OR
extraarticular) AND (tenodesis OR plasty OR augmentation
OR procedure or reconstruction OR reconstructive OR surgi-
cal OR surgery OR technique) AND (ACL OR anterior cruci-
ate ligament). Moreover, an additional intensive search
through the references of all identified studies was con-
ducted. A systematic review of the collected literature was
carried out according to the PRISMA guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-analyses).
The PRISMA checklist for our project is presented in supple-
mentary material (available in the online version of this arti-
cle), as well as the PRISMA flow diagram in Figure 1.
Registration of this systematic review was performed in
2023 using the PROSPERO International Prospective Regis-
ter of Systematic Reviews (CRD42023428461). This research
received no external funding.

Eligibility Assessment

Screening of databases was carried out independently by 3
authors (M.A., M.S., B.M.). After a database search, 3 inde-
pendent reviewers (J.E., M.Z., J.Z.) screened all the articles
and identified a title, abstract, and full text concerning LET
and indications in ACLR. The inclusion criteria were clini-
cal human studies, evidence levels 1 to 4, and English lan-
guage. Studies ineligible for inclusion were those not
written in English, case studies, reviews, letters to editors,
conference abstracts, or studies containing incomplete or
irrelevant data (level of evidence 5). Other exclusion criteria
were any clinical outcomes and basic science studies in any
joint other than the knee, ALL studies, anatomic and radio-
graphic studies, animal studies, editorial articles, and sur-
veys. Articles without clearly described indications were
excluded. The senior 2 authors and experts in evidence-
based medicine (J.Z., A.K.) made the final decision in case
of disagreement among the authors.
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Figure 1. PRISMA flow diagram.

Data Extraction

Three independent reviewers (J.E., M.Z., J.Z.) extracted
the initially screened and relevant data: year of study,
country, type of study, number of participants, mean age,
gender, and indications for surgery.

Risk-of-Bias Assessment

The risk-of-bias assessment was performed using the
Cochrane Collaboration’s Risk of Bias Tool (supplementary
material, available online). Bias risk was classified as low,
high, or unclear for the following domains: sequence gener-
ation/allocation concealment (selection bias), blinding of
participants and personnel (performance bias), blinding
of outcome assessment (detection bias), incomplete out-
come data (attrition bias), selective outcome reporting
(reporting bias), and other sources of bias. Three reviewers
independently assessed the quality of the articles and
reached an agreement.

RESULTS

The analysis evaluated 29 articles published between 1999
and 2023. The general characteristics and descriptive data
are presented in Table 1. Most articles were from Italy (n =
5), Canada (n = 3), France (n = 3), and Spain (n = 3). A
large proportion of the studies had level 3 (n = 13) and level
4 (n = 12) evidence, although there were 4 articles with
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level 1 evidence. The majority of the studies were retro-
spective (n = 21), although there were also prospective
studies (n = 8). The number of patients in the studies
ranges from 19 to 618. The overall number of participants
was 4401, which comprised 2796 men and 1605 females;
however, Mahmoud et al?* and Imbert et al'® did not dis-
close the precise number of males and females, instead pre-
senting the male proportion. Recalculation of absolute
numbers was required in these 2 cases. The male to female
ratio varied greatly throughout the publications analyzed,;
1 of the studies had all female patients, and 3 had an all-
male study group. The average age of the participants
was 24.4 years. Yet, in the study of Marcacci et al,>” the
age of patients was not mentioned. In the studies of Perelli
et al,3! Trichine et al,®®> Rowan et al,>®> El-Azab et al,’
Joseph et al,?! Viglietta et al,>® Getgood et al,'> Heard
et al,'® and Keizer et al,>? the mean age was calculated
for subgroups, so a recalculation of the mean age for the
full study group was required. In the studies, the groups
consisted of patients of various ages, including teenagers,
young adults, and middle-aged adults.

Radiologic findings are among the least-used indications
for qualifying for LET surgery. Only 4 articles could be
found with the indication given, out of 29 collected. Of these
4 articles, the most common radiologic indications appeared
to be the Segond sign and posterior tibial slope >12°, as
assessed on a true lateral radiograph, which both appeared
in 3 articles. Others—such as anterior translation >7 mm,
notch width index <0.22, and a large marrow edema
pattern—appeared in only 1 of the listed studies, as
assessed on magnetic resonance imaging (Table 2).

Clinical examination of patients, or rather its compo-
nents, was covered in 25 of 29 articles. Of greatest impor-
tance was the pivot-shift test (performed in the office
unless otherwise stated in Appendix Table A1)—in partic-
ular, grade 2 as a clunk and grade 3 as a gross, which
appeared in the indications in 11 articles. The authors of
8 articles considered a pivot-shift test result of grade 3 to
be an important inclusion criterion, while 3 articles
included grade 1 or a positive result alone, regardless of
grade, as one of the important criteria for qualifying
a patient for ACLR surgery with LET. Another important
inclusive criterion for surgery is hyperlaxity on the
Beighton test (>4). This criterion was noted by 8 authors
in their articles. The degree of the recurvatum has already
proved to be a less important indicator for undergoing sur-
gery. Four authors included a grade >10° recurvatum in
the indication, while in the Joseph et al?! study, the grade
of hyperextension could not exceed 20°. Table 3 also out-
lines smaller criteria that have been used in studies but
are considered secondary. The absence of damage to the
opposite knee in the patient’s medical history was taken
into account in only 2 articles. Osteochondral lesions do
not appear to be a relevant factor in determining whether
a patient is eligible for surgery. Just 2 studies specified
lesions >3 cm? in their indications. Regarding surgical
indications, the idea of laxity was not among the most
essential factors. Exploring the problem of laxity in-depth,
such as lateral laxity or anterior laxity >5 mm, revealed
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TABLE 1
General Characteristics and Descriptive Data of the Studies on Indications for the Lateral Extra-articular Tenodesis

Level of Sample Mean
First Author Year Country Study Design Evidence  Type of Study Size Male Female Age,y
Green'* 2023 USA Case series 4 Retrospective 48 27 21 14.20
Hantouly'® 2023  Qatar Cohort 3 Retrospective 100 94 6 28.15
Perelli®! 2022  Spain Cohort 3 Retrospective 66 43 23 13.65
Firth!! 2022 Canada Case-control 3 Retrospective 568 276 292 18.80
Trichine®® 2014  Algeria Randomized trial 1 Prospective 120 120 0 28.15
Mahmoud?* 2022  Australia Matched cohort 3 Retrospective 72 55 17 25.00
Rowan®® 2019 UK Propensity-matched case-control 3 Prospective 273 154 119 31.60
Imbert!® 2017  France Multicenter study 4 Retrospective 478 373 105 28.00
El-Azab’ 2023  Egypt, Austria Randomized comparative 1 Prospective 100 73 27 27.50
Joseph?! 2020  France, Switzerland  Comparative study 3 Retrospective 87 57 30 29.70
Eggeling® 2022  Germany Cohort 3 Retrospective 78 48 30 28.70
Minguell Monyart®® 2023  Spain Case series 4 Prospective 46 31 15 36.30
Vadala®® 2013  Italy Comparative 3 Prospective 60 0 60 27.00
Gibbs®? 2022  USA, Japan Cohort 3 Retrospective 20 12 8 20.80
Feller® 2021  Australia Case series 4 Retrospective 25 21 4 8.50
Viglietta®® 2022  Italy Cohort 3 Retrospective 164 126 38 27.30
Marcacci®’ 2009 Italy Case series 4 Retrospective 60 45 15 —
Ibrahim '® 1999 Kuwait Case series 4 Retrospective 153 153 0 23.70
Declercq® 2023  Belgium Case series 4 Retrospective 86 69 17 26.10
Monaco® 2022 Italy Cohort 3 Retrospective 111 69 42 16.20
Getgood!? 2020 Canada Randomized controlled trial 1 Retrospective 356 154 202 18.90
Heard!® 2023 Canada Randomized clinical trial 1 Prospective 618 302 316 18.90
Zaffagnini*’ 2017  Ttaly Case series 4 Prospective 60 45 15 25.50
Farinelli® 2023  Austria Case series 4 Retrospective 27 27 0 23.15
Trojani>® 2012  France Case series 4 Retrospective 189 127 62 22.70
Alm? 2020  Germany Case series 4 Retrospective 73 39 34 31.00
Jacquet?° 2021  France Cohort 3 Retrospective 266 190 76 30.40
Keizer®? 2023  Netherlands Cohort 3 Retrospective 78 57 21 29.30
Borim? 2023  Spain Case series 4 Prospective 19 9 10 27.70

TABLE 2
Indications for the Lateral Extra-articular Tenodesis According to Radiologic Findings®

Indication Green et al'*  Firth et al'!  Monaco et al?®  Farinelli et al®
Anterior translation >7 mm + - - -
Posterior tibial slope >12° + + - +
Notch width index <0.22 + - - -
Large marrow edema pattern (LFC and LTP transchondral fractures) + - - -
Segond sign + _ + +

“LFC, lateral femoral condyle; LTP, lateral tibial plateau.

the minimal use of these markers for surgical qualification.
In only 1 article, patients were examined in detail, and quan-
titative pivot shift was indicated as an inclusion criterion: >3
mm of lateral translation with >8 m/s? of acceleration, or
a side-to-side difference of 50% greater, as assessed using
PIVOT technology and an inertial sensor (Table 3).

Table 4 presents studies with indications for LET focus-
ing mostly on patient physical activity, revision surgery,
and meniscal reconstruction. The most prevalent were
high-risk sports (15 publications) and medial meniscal
repair/excision (11 articles). ACLR revision was discussed
in 8 articles. Six cases showed chronic ACL insufficiency
and a significantly high risk of graft failure. A high degree
of athleticism was noted in 3 studies, whereas

contralateral ACLR and small graft diameter occurred
just twice. The remaining 7 minor criteria were mentioned
once by Vadala et al,® Feller et al,® and Rowan et al.?

Table 5 lists the indications for LET based on age. The
analysis comprised 16 articles, with 9 age categories split.
Adolescents were the most used age criterion, appearing in
5 articles. The second-most common age was <25 years old.
Furthermore, the ages <20 and 15 to 50 years were
addressed only twice. Ages ranging from 14 to 40, 18 to 50,
>18, <40, and >16 years all appeared just once. However,
Joseph et al,?! Vadala et al,3® Marcacci et al,?” and Rowan
et al®® found the age requirement to be less important. Mean-
while, Feller et al® simultaneously listed 2 age criteria: ado-
lescents and, as a minor criterion, age <20 years.
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TABLE 3
Indications for the Lateral Extra-articular Tenodesis According to Clinical Assessment®

Indication

No. of Studies

Pivot shift

Grade 3 8
Grade >1 3
Recurvatum
>10° 4
>20° 1
High-grade pivot shift: >2 11
Hyperlaxity: Beighton >4 8
Lateral laxity of grade 1 or 2: joint opening of 2-10 mm on varus stress 1
Increased rotational laxity of 5° to 10° 1
Quantitative pivot shift >3 mm of lateral translation with >8 m/s? of acceleration or a side-to-side 1
difference >50% assessed using PIVOT technology and an inertial sensor
Side-to-side difference in anterior-posterior knee laxity with the knee in 20° flexion >10 mm with maximum manual force 1
No osteochondral lesion >3 cm? 2
Normal contralateral knee with no history of trauma or surgery 2
Low-grade anterior knee laxity: defined as side-to-side difference <5 mm 1
“The full table listing the studies is available as an appendix with the online version of this article.
TABLE 4 TABLE 5
Indications for Lateral Extra-articular Tenodesis Indications for Lateral Extra-articular
Related to Physical Activity and Revision Surgery® Tenodesis According to Age®
No. of Age No. of Studies
Indication Studies
Adolescents 5
Patient with chronic ACL insufficiency 5 <25y 3
Contralateral ACLR 2 <20y 2
Revision ACLR 8 14-40 y 1
Sports: high risk 15 15-50 y 2
High risk of graft failure 6 >18y 1
Medial meniscal repair/excision 11 <40y 1
Small graft diameter 2 18-50 y 1
High-level athletics 3 >16y 1
High level of sporting activity: Tegner activity 1
score >7 “The full table listing the studies is available as an appendix
Failed contralateral ACLR® 1 with the online version of this article.
Body mass index: 18-35 1
Minimum interval of 2 mo between trauma 1
and surgery”
Positive history of ACL rupture (parent, sibling) 9 effect of LET on ACLR outcomes in recent years, it appears
Persistent or recurrent instability after ACLR 1 crucial to establish clear indications for this procedure.
ACLR graft rupture 1 Our study findings showed that the main frequent and
Tegner Activity Scale level >6 before primary 1 repeated indications for using LET in ACLR are meniscal

ACL rupture and before primary ACLR

“The full table listing the studies is available as an appendix
with the online version of this article. ACL, anterior cruciate liga-
ment; ACLR, anterior cruciate ligament reconstruction.

®Minor criteria.

DISCUSSION

This systematic review aimed to find and describe indica-
tions for LET in the setting of concurrent ACLR. Owing
to the growing interest in the anatomy of ALL and the

surgery, sports activity, and grade 2 and 3 pivoting.
Nowadays, there is a growing popularity of high-risk
competitive sports (eg, football, soccer, and basketball),
which are major risk factors for ACL injuries, one of the
most common knee injuries in sports. As we presented,
most of the studies focused on high-risk sports as one of
the main indications for LET. The authors emphasized
that among athletic patients, LET techniques provide bet-
ter knee stability and decreased graft rupture.!t252931 In
the Green et al'* study, participation in a high-risk com-
petitive sport was one of the main inclusive criteria.
They observed that all patients who underwent a quadri-
ceps tendon ACLR with a concomitant modified Lemaire
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returned to sport, and the rate of graft rupture was 0%.
Joseph et al?! noted that the modified Lemaire procedure
restored rotational stability without compromising isoki-
netic muscle recovery at the time of return to play. More-
over, active patients with a high risk of reinjury should
be particularly treated with a LET. Firth et al'! suggested
that orthopaedic surgeons consider this technique in
a group of physically active, young patients, as the LET
was protective when adjusted for other variables in their
analysis.

Additionally, it is worth paying attention to female ath-
letes, who are increasingly participating in competitive
sports, which is associated with a higher injury rate.?%2%
Vadala et al®® observed in a group of female athletes that
the additional extra-articular MacIntosh procedure modi-
fied by Cocker-Arnold in combination with ACLR signifi-
cantly reduced the postoperative rotational instability of
the knee. In Ibrahim’s study,'® patients, after having
a torn ACL, were able to return to their previous sports
activity, but 13.7% had to give up on sports completely or
had to modify their activities. Despite the 21 participants
who could not do sports, the majority fully returned to pre-
vious activities after ACLR with LET. Feller et al® pre-
sented the use of the modified Ellison procedure as
a LET augmentation of a primary ACLR to try to reduce
the graft rupture rate in a cohort of patients considered
to be at a high risk of reinjury, which appeared to be effec-
tive and safe. In their outcomes, 23 of 25 patients returned
to sport after 24 months; 17 were playing at the same level
or higher and only 2 at a low level; nevertheless, 1 patient
experienced a contact mechanism graft rupture at 12
months.

Moreover, other studies have revealed that extra-
articular augmentation demonstrates highly satisfactory
results at a long-term follow-up.2”3%4% Viglietta et al®®
observed that there was no difference in postoperative sub-
jective scores between patients undergoing isolated ACLR
and those with a combined Arnold-Coker modification of
the McIntosh extra-articular procedure. Despite this,
knees with the combined ACLR technique had a signifi-
cantly lower osteoarthritis grade after partial lateral
meniscectomy, better knee stability, and a lower graft rup-
ture at the long-term follow-up. Marcacci et al?’ studied
high-level sports patients and found that ACLR with
extra-articular augmentation showed maintenance of
knee stability without an increased rate of degenerative
arthritis at long-term follow-up. Zaffagnini et al*® noted
that the LET technique demonstrated good results at 20-
year follow-up without generating lateral knee or patellofe-
moral osteoarthritis among patients participating in cut-
ting sports. In addition, Declercq et al® investigated the
LET procedure with regard to osteoarthritis. They pre-
sented evidence suggesting that it is safe and does not
raise the risk of osteoarthritis. Furthermore, they found
no statistically significant differences among the various
LET techniques, such as the modified Coker-Arnold and
the modified Lemaire. Imbert et al'® also opted to include
patients involved in pivot sports and competitive athletes
in their study. At their mean follow-up, they found that
extra-articular reconstruction provided greater control
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over the pivot shift with a low retear rate and a low rate
of secondary meniscal damage. Getgood et al'? stated
that adding the LET approach to ACLR reduces subjective
functional recovery up to 6 months postoperatively, but
these differences had no effect on objective function. They
also included patients who took part in competitive pivot-
ing sports.

However, Perelli et al°” noted that patients who under-
went surgery with a LET procedure or patients with only
ACLR returned to sports at the same competitive level,
without a significant difference between the groups. Addi-
tionally, Hantouly et al'® observed no significant differen-
ces at short-term follow-up in terms of postoperative
outcomes among athletes with ACLR alone, ACLR with
lateral tenodesis, and ACL with ALL reconstruction.

Although opinions are divided, most authors presented
the LET technique as a required supplement for ACLR.
They showed advantages, especially among the athlete
population, such as reduced time of functional recovery,
a lower rate of secondary meniscal damage, a lower rate
of retear, better knee stability, a lower rate of graft rup-
ture, a significantly lower osteoarthritis grade, and high
return-to-play rate. We believe that, for all the results pre-
sented here, sports activity should be one of the crucial
indications for using LET techniques in ACLR.

Some authors decided to include patients with meniscal
lesions or different types of meniscal treat-
ments. % 111821273839 Ripth et al'’ observed that in the
group of patients with medial meniscal repair or excision,
adding a LET with increasing hamstring autograft diame-
ter significantly reduced asymmetric pivot shift and
increased knee stability. In Ibrahim’s study,'® magnetic
resonance imaging was not available, making it difficult
to assess the knees preoperatively in terms of the type
and grade of meniscal injury; nevertheless, 47% of patients
had meniscal injuries, in addition to torn ACLs, according
to operative findings, and as stated by the author none had
poor postoperative results in questionnaire evaluation and
clinical examination. Viglietta et al®® noted that knees
with combined ACLR had a significantly lower osteoarthri-
tis grade after partial lateral meniscectomy, which was the
main risk factor negatively associated with osteoarthritis
changes.

Additionally, grade 2 and 3 pivoting is considered a cru-
cial indication for the LET technique, which was reported
in some of the studies in this review,?%91214:28:33.35,38
Trichine et al®® found that LET plays a major role in the
lateral compartment, and the gain on this segment, as
compared with preoperative laxity, was significantly better
than for an isolated intra-articular plasty. It is worth not-
ing that the main inclusion criterion in this study was
advanced chronic anterior laxity, defined as a positive
Lachman test result with a grade 3 + pivot shift and a pos-
itive anterior drawer test at 90° of flexion. Rowan et al®
observed that among patients with high-grade pivot shift,
postoperative outcomes for ACLR with LET were signifi-
cantly better than those for ACLR alone. Minguell Mon-
yart et al®® also documented that stability examination
tests (Lachman and pivot shift) showed significant
improvements in most cases where revision ACLR using
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allografts was augmented with LET. Moreover, the Vadala
et al®® evaluation showed that a positive pivot-shift result
was found postoperatively much less often in a group of
patients treated with ACLR and LET techniques.

Jacquet et al?® and Farinelli et al® found no benefit of
LET regardless of the graft chosen for ACLR. However,
most authors reported improved knee stability in groups
with LET, despite graft choice. This contrast with studies
by Keizer et al?> and Borim et al,2 which demonstrated
beneficial effects with a patellar tendon graft, as well as
studies using soft tissue grafts - such as Heard et al'®
for hamstrings, Green et al'* for quadriceps femoris, and
Minguell Monyart et al?® for allografts.

The success of LET methods relies on several indica-
tions. As we presented, the majority of studies focused on
sports activity, high-grade pivoting, and meniscal surgery.
Interestingly, despite the lack of definitive indications for
LET in the literature, which was first described in the
mid-1960s, many authors have been using defined indica-
tions, which are mostly associated with positive postopera-
tive outcomes.

This systematic review was not without limitations.
First, the methodology of the studies, number of partici-
pants, various operative LET methods, follow-up period,
and study designs varied significantly. Second, the litera-
ture on this topic mostly consists of retrospective studies
based on level 3 and 4 evidence. Third, the source of selec-
tion bias was also inherent, as only English-language stud-
ies were included. In addition, the mean age varied per
publication, ranging from 8.5 to 36.3 years. We observed
that most studies included adolescents and young adults.

In summary, while this systematic review shows a vari-
ety of current indications and provides valuable informa-
tion for the state of LET in ACLR, we recommend that
future research be done to provide detailed guidelines.

CONCLUSION

Owing to the advancement of arthroscopic techniques, the
method of LET is gradually returning to everyday ACL
surgery, with the introduction of LET in the adolescent
group becoming particularly popular. The increased
awareness is mainly caused by the better-understood anat-
omy of the anterolateral complex of the knee joint and its
role in joint biomechanics. Most of the articles included
are from the recent decade. The main frequent and
repeated indications for using LET in ACLR are meniscal
surgery, sports activity, and grade 2 and 3 pivoting. The
articles reviewed showed reduced pivoting and laxity,
improved clinical outcomes, and decreased revision rates
after primary ACLR failures. What is more, revision was
not the most frequent indication.
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Jakub Ohla, Michalina Adamczyk, Maciej Sokotowski, Bartosz Majchrzak, Gazi Huri

Mo¢; udziat polegat na: przeszukiwaniu baz naukowych i selekcji artykutow.

M0j udzial w powstaniu pracy wynosi 1%.
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B

Zatgcznik nr 5 do uchwaty Nr 38 Senatu UMK z dnia 26 wrzesnia 2023 r.
w sprawie postgpowania o nadanic stopnia dokton:a
na Uniwersytecie Mikotaja Kopernika w Toruniu

Torun, dnia 07.05.2025

Dr n.med. Michat Btachowski

Katedra Ortopedii, Traumatologii i Chirurgii Plastycznej
Uniwersytet Mikotaja Kopernika w Toruniu

Collegium Medicum w Bydgoszczy

85-092 Bydgoszcz, Polska

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Niniejszym o$§wiadczam, ze w pracy:
Tytul publikacji: ,,Indications for Lateral Extra-articular Tenodesis in Anterior Cruciate

Ligament Reconstruction: A Systemic Review”

Jan Zabrzynski, Adam Kwapisz, Jakub Erdmann, Maria Zabrzyfiska, Michat Btachowski,
Jakub Ohla, Michalina Adamczyk, Maciej Sokolowski, Bartosz Majchrzak, Gazi Huri |

Mo6j udziat polegal na: wystaniu artykutu do czasopisma

Méj udzial w powstaniu pracy wynosi 1%.
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Zalgcznik nr 5 do uchwaly Nr 38 Senatu UMK z dnia 26 wrze$nia 2023 r.
w sprawie postgpowania o nadanie stopnia doktora
na Uniwersytecie Mikolaja Kopernika w Toruniu

Torun, dnia 05.05.2025

Dr n. med. Jakub Ohla

Katedra Ortopedii, Traumatologii i Chirurgii Plastycznej
Uniwersytet Mikotaja Kopernika w Toruniu

Collegium Medicum w Bydgoszczy

85-092 Bydgoszcz, Polska

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Niniejszym o$wiadczam, ze W pracy:
Tytul publikacji: ,Indications for Lateral Extra-articular Tenodesis in Anterior Cruciate
Ligament Reconstruction: A Systemic Review”

Jan Zabrzynski, Adam Kwapisz, Jakub Erdmann, Maria Zabrzynska, Michat Btachowski,
Jakub Ohla, Michalina Adamczyk, Maciej Sokotowski, Bartosz Majchrzak, Gazi Hugl :

Moj udziat polegat na: rewizji pracy po recenzjach, akceptacji ostatecznej wersji
manuskryptu.

Moj udzial w powstaniu pracy wynosi 1%.
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Zalgcznik nr 5 do uchwaly Nr 38 Senatu UMK z dnia 26 wrzesnia 2023 .
W sprawie postgpowania o nadanie stopnia doktora
na Uniwersytecie Mikolaja Kopernika w Toruniju

Torun, dnia 05.05.2025

Michalina Adamczyk

Katedra Ortopedii, Traumatologii i Chirurgii Plastycznej
Uniwersytet Mikotaja Kopernika w Toruniu

Collegium Medicum w Bydgoszczy

85-092 Bydgoszcz, Polska

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Niniejszym o$wiadczam, ze w pracy:

Tytul publikacji: ,,Indications for Lateral Extra-articular Tenodesis in Anterior Cruciate
Ligament Reconstruction: A Systemic Review”

Jan Zabrzynski, Adam Kwapisz, Jakub Erdmann, Maria Zabrzyniska, Michat Btachowski,
Jakub Ohla, Michalina Adamczyk, Maciej Sokotowski, Bartosz Majchrzak, Gazi Huri

Mdj udziat polegat na: przeszukaniu baz naukowych

Moj udziat w powstaniu pracy wynosi 1%.
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Zatgeznik nr 5 do uchwaty Nr 38 Senatu UMK z dnia 26 wrzesnia 2023 r.
w sprawie postgpowania o nadanie stopnia doktora
na Uniwersytecie Mikotaja Kopernika w Toruniu

Torun, dnia 05.05.2025

Bartosz Majchrzak

Katedra Ortopedii, Traumatologii i Chirurgii Plastycznej
Uniwersytet Mikolaja Kopernika w Toruniu

Collegium Medicum w Bydgoszczy

85-092 Bydgoszcz, Polska

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu :
Niniejszym o$wiadczam, Ze w pracy:
Tytul publikacji: ,Indications for Lateral Extra-articular Tenodesis in Anterior Cruciate
Ligament Reconstruction: A Systemic Review”

Jan Zabrzynski, Adam Kwapisz, Jakub Erdmann, Maria Zabrzyniska, Michat Blachowski,
Jakub Ohla, Michalina Adamczyk, Maciej Sokotowski, Bartosz Majchrzak, Gazi Huri

Moéj udziat polegat na: przeszukaniu baz naukowych

Méj udzial w powstaniu pracy wynosi 1%.
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Zalgcznik nr 5 do uchwaly Nr 38 Senatu UMK z dnia 26 wrze$nia 2023 r.
w sprawie postgpowania o nadanie stopnia doktora
na Uniwersytecie Mikolaja Kopernika w Toruniu

Torun, dnia 06.05.2025

Prof. Gazi Huri, MD, PhD

Hacettepe University School of Medicine
Orthopaedics and Traumatology Department
Collegium Medicum w Bydgoszczy

06-320, Ankara, Turkey

Rada Dyscypliny Nauki Medyczne
Uniwersytetu Mikolaja Kopernika
w Toruniu

Niniejszym o$wiadczam, ze w pracy:
Tytul publikacji: ,,Indications for Lateral Extra-articular Tenodesis in Anterior Cruciate

Ligament Reconstruction: A Systemic Review”

Jan Zabrzyniski, Adam Kwapisz, Jakub Erdmann, Maria Zabrzynska, Michat Blachowski,
Jakub Ohla, Michalina Adamczyk, Maciej Sokotowski, Bartosz Majchrzak, Gazi Huri . 8

M¢j udzial polegal na: akceptacji ostatecznej wersji artykutu.

Moj udzial w powstaniu pracy wynosi 1%.
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13. Zgoda komisji bioetycznej
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Uniwersy tet Mikolaja Kopernika w Toruniu
Collegium Medicum im L. Rydygiera w Bydgoszcry
KOMISJA BIOETYCZNA
UL M. Sklodowskiej-Curie 9, 83-094 Bydgoszcz, tel.(052) S85-15-61

KB 347/2023 Bydgoszcz, 22 08 2021 r

Daalajac na podstawie ant 29 ustawy 2 dnia § 12,1996 1. 0 zawodzie lekarza (D2 U 2 1997 r Nr 28 poz
182 wras 7 pormejarymi rmianami), rozporzadzenia Ministra Zdrowia z dnia 26 01 2023r w sprawie komis)i
boetycane) oraz Odwolawcre) Komisji Bioctycenej (De. U 2023 por. 218) oraz Zarzadzenia nr 108 Rekiora
Unswersytetu Mikolajs Kopemika w Toruniu 2 dnia 31 maja 202)3r. w sprawie powolania komisji bioetyczne) oraz
godne ¢ zasadami rawartymi w DI GCP

Komisja Biocty czna prey UMK w Toruniu, Collegium Medicum w Bydgoszezy

na possadreniu w dryu 22.082023 r. przeanalizowala wniosek, kidry zlozyl kierownik badania

dr hab. n. med. Jan Zabrzynski, prof. UMK
Katedra i Klinika Ortopedii | Traumatologlli Narzgdu Ruchu
Collegiom Medicum w Bydgoszezy UMK w Toruniu

1 respolem w shixine

dr hab. n. med. Jan Zabrzyaski, prol. UMK, lek. Rafal Wajcicki, lek. Piotr Walus, lek.
Jakub Erdman, dr a. med. Michal Dlachowskl

w spraww badlema

Zastosowanie tenodezy boczne) zewngtrzstawowej w rekonstrukeji wigzadla
krzytowego przednicgo stawu kolanowego™.
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