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1. Wykaz skrótów

ACL – więzadło krzyżowe przednie (ang. anterior cruciate ligament) 

ACLR – rekonstrukcja więzadła krzyżowego przedniego (ang. anterior cruciate ligament 

reconstruction) 

ALL – więzadło przednio-boczne (ang. anterolateral ligament) 

FCL – więzadło poboczne strzałkowe (ang. fibular collateral ligament) 

IKDC – kwestionariusz Międzynarodowego Komitetu Dokumentacji Kolana (ang. the 
International Knee Documentation Committee) 

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

KOOS – kwestionariusz Urazów Kolana i Choroby Zwyrodnieniowej Stawów (ang. the Knee 
Injury and Osteoarthritis Outcome Score) 

KOOS-pain – subskala bólu kwestionariuszu Urazów Kolana i Choroby Zwyrodnieniowej 
Stawów(ang.  the Knee Injury and Osteoarthritis Outcome Score pain subscale) 

KOOS-symptoms - subskala objawów kwestionariuszu Urazów Kolana i Choroby 
Zwyrodnieniowej Stawów (ang. the Knee Injury and Osteoarthritis Outcome Score symptoms 
subscale) 

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

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

KOOS-quality - subskala jakości życia w oparciu o stan kolana kwestionariuszu Urazów Kolana 
i Choroby Zwyrodnieniowej Stawów (ang. the Knee Injury and Osteoarthritis Outcome Score 
knee-related Quality of Life subscale) 

LET – tenodeza boczna zewnątrzstawowa (ang. lateral extra-articular tenodesis) 

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

LCL – więzadło poboczne boczne (ang. lateral collateral ligament) 

MRI – rezonans magnetyczny (ang. magnetic resonance imaging) 

SD – odchylenie standardowe (ang. Standard deviation) 

WOMAC – kwestionariusz oceny choroby zwyrodnieniowej Uniwersytetów Western Ontario i 
McMaster (ang. the Western Ontario and McMaster Universities Arthritis Index) 
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2. Wstęp

Więzadło krzyżowe przednie (ACL) jest jednym z głównych więzadeł stawu kolanowego i 

zbudowane jest z dwóch pęczków: przednio-przyśrodkowego i tylno-bocznego. Pierwsze z 

nich odpowiada głównie za stabilność przednio-tylną, natomiast drugie za stabilność rotacyjną 

[1]. Całkowite przerwanie tej struktury w większości przypadków prowadzi do niestabilności 

stawu kolanowego i wiąże się z dodatkowymi uszkodzeniami łąkotek i chrząstki stawowej. 

Szacuje się, że częstość występowania tej dysfunkcji to 30-81 na 100 000 przypadków [2]. 

Złotym standardem w leczeniu całkowitego uszkodzenia ACL stanowi jego artroskopowa 

rekonstrukcja (ACLR) z użyciem przeszczepu, najczęściej pobieranego z mięśni kulszowo-

goleniowych, tak zwanych „hamstringów”[3].  W Stanach Zjednoczonych stanowi ona jedną z 

najczęściej wykonywanych procedur w obrębie stawu kolanowego licząc 125 000 – 200 000 

przypadków rocznie [4]. ACLR pozwala w dużej części na przywrócenie stabilności przednio-

tylnej i rotacyjnej stawu kolanowego oraz wiąże się z zaopatrzeniem dodatkowych uszkodzeń 

w obrębie stawu. Właściwe wykonanie tych procedur, stanowi prewencję przedwczesnej 

choroby zwyrodnieniowej [5]. Szacuje się, że odroczenie zabiegu operacyjnego o 12 miesięcy 

lub więcej, wiąże się z podwyższonym ryzykiem nowych lub pogłębieniem już przebytych 

uszkodzeń łąkotek i chrząstki stawowej [6, 7]. Co więcej, odsetek pourazowej artrozy stawu 

kolanowego sięga 0-13% przy izolowanym uszkodzeniu ACL, a 21-48% przy współistniejącym 

urazie łąkotki [8]. Mimo ciągłego udoskonalania technik ACLR oraz wymienionych zalet takiego 

postępowania, odsetek uszkodzeń przeszczepionego ACL oscyluje w granicach 15-17%, a 

poczucie niestabilności wśród pacjentów osiąga 25-30% [9, 10]. Ponadto powrót do 

aktywności fizycznej sprzed urazu udaje się u około 60% pacjentów w ciągu 2 lat od ACLR [11]. 

Relatywnie wysoki odsetek tych powikłań tłumaczy się, między innymi, niepełnym 

odtworzeniem stabilności rotacyjnej przednio-bocznej ujawniającej się podczas „pivot shift 

test. Wynika ona z całkowitego uszkodzenia lub niewydolności struktur kompleksu przednio-

bocznego stawu kolanowego, w szczególności więzadła przednio-bocznego (ALL) [12]. 

Przyczep proksymalny ALL rozpoczyna się od kłykcia bocznego kości udowej, a dystalny kończy 

się na nasadzie bliższej kości piszczelowej między guzkiem Gerdy’ego a głową kości 

strzałkowej. Szacuje się, że współistniejące przerwanie ALL występuje w 37,5-78,8% 

przypadków całkowitego uszkodzenia ACL [11, 13, 14]. W 2013 r. nastąpiło zwiększone 

zainteresowanie wokół ALL po publikacji nowych badań na temat jego biomechaniki, które 

podkreślają jego fundamentalną rolę w utrzymaniu stabilności rotacyjnej przednio-bocznej 

stawu kolanowego [15]. Od tego momentu zaczęto ponownie stosować powszechnie 

tenodezę boczną zewnątrzstawową (LET), która imituje działanie ALL i wzmacnia kompleks 
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przednio-boczny lub wykonywać bezpośrednią rekonstrukcję ALL podczas jednoczasowej 

ACLR.  

3. Anatomia i biomechanika kompleksu przednio-bocznego stawu kolanowego

Historycznie, ALL po raz pierwszy zostało opisane w 1879 r. przez Paula Ferdinanda Segonda 

jako struktura wzmacniająca część boczną torby stawowej i ulegająca znacznemu napięciu 

podczas rotacji wewnętrznej stawu kolanowego. Ponadto wykazano wtedy, że izolowane 

całkowite uszkodzenie ACL może nie stanowić częstego zjawiska i towarzyszy mu zwykle uraz 

struktur bocznych stawu kolanowego [16]. Po około 100 latach później, najpierw Hughston, a 

potem Norwood potwierdzili tę zależność oraz opisali wynikającą z tych uszkodzeń 

niestabilność przednio-rotacyjną stawu kolanowego [17, 18].  

Sama struktura anatomiczna kompleksu przednio-bocznego stawu kolanowego pozostaje 

złożona i nie została jeszcze definitywnie opisana tak jak struktury kompleksu przyśrodkowego 

[19]. Pierwszą warstwę, tuż pod skórą, tworzy warstwa powierzchowna ITB, która przyczepia 

się do guzka Gerdy. Przednia część włókien tej warstwy łączy się również z boczną częścią 

rzepki i więzadła rzepki, by utworzyć strukturę zwaną pasmem biodrowo-rzepkowym. 

Natomiast tylne włókna tej warstwy wzmacniają powięź mięśnia dwugłowego uda (Rys. 1). Do 

warstwy głębokiej ITB zalicza się włókna Kaplana, które przyczepiają się do przegrody bocznej 

międzymięśniowej i troczka bocznego. Ponadto włókna te przebiegają blisko gałęzi sieci 

tętniczej górnej kolana. W tym miejscu, przy urazach rotacyjnych stawu kolanowego, 

obserwuje się krwiaka widocznego w MRI [19]. Poniżej włókien Kaplana przebiega najgłębsza 

część ITB zwana warstwą torebkowo-kostną. Proksymalnie włókna tej warstwy biegną wzdłuż 

mięśnia podeszwowego i części bocznej mięśnia brzuchatego łydki, kończąc się na tylnej części 

guzka Gerdy.  

7



Rys. 1. Zdjęcie ukazujące struktury powierzchowne pasma biodrowo-piszczelowego - jednego z elementów 

kompleksu przednio-bocznego stawu kolanowego prawego. Uwidoczniono warstwę powierzchowną pasma 

biodrowo-piszczelowego (Superficial Illiotibial band) [sITB]), ścięgno mięśnia dwugłowego uda (Biceps Femoris 

[BF]), guzek Gerdy (Gerdy Tubercle [GT]) oraz pasmo biodrowo-rzepkowe (Illiopatellar 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. 

Poniżej całego kompleksu ITB znajduje się FCL oraz do przodu od niego ALL. Oba mają 

przyczepy na nadkłykciu bocznym kości udowej, a ich pojedyncze włókna w początkowej części 

mogą ulegać skrzyżowaniom [15]. Przyczep proksymalny ALL znajduje się bardziej do przodu 

od FCL oraz proksymalnie i do tyłu od przyczepu ścięgna mięśnia podkolanowego. Przyczep 

dystalny FCL ma miejsce na głowie kości strzałkowej, a ALL na nasadzie bliższej kości 

piszczelowej, między guzkiem Gerdy a głową kości strzałkowej (Rys. 2). Przebieg ALL pozostaje 

skośny a jego włókna łączą się zwarcie z 1/3 częścią trzonu łąkotki bocznej. Między tymi 

dwiema strukturami przebiega tętnica dolna boczna kolana na wysokości linii stawu 

kolanowego. Pod kątem histopatologicznym ALL ma gęsty i dobrze zorganizowany przebieg 

pojedynczych włókien oraz charakteryzuje się bogatym unerwieniem i obecnością licznych 

mechanoreceptorów [20, 21]. Oprócz FCL i ALL, do najgłębszej warstwy kompleksu przednio-

bocznego zalicza się również ścięgno mięśnia podkolanowego, więzadło podkolanowo-

strzałkowe oraz boczną część torby stawowej [15].  
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Rys. 2. Zdjęcie ukazujące struktury głębokie kompleksu przednio-bocznego stawu kolanowego prawego. 

Uwidoczniono więzadło przednio-boczne (Anterolateral Ligament [ALL]), guzek Gerdy (Gerdy’s Tubercle), 

ścięgno mięśnia podkolanowego (Popliteus Tendon) oraz więzadło podkolanowe-strzałkowe (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: 321-

328. https://doi.org/10.1111/joa.12087.

Badania biomechaniczne na kadawerach pod kątem funkcji poszczególnych struktur 

kompleksu przednio-bocznego stawu kolanowego są złożone i obejmują wiele wariantów 

uszkodzeń próbując odtworzyć jak najbardziej zbliżone warunki do naturalnych. Pod kątem 

biomechanicznym wykazano, że samo ALL ulega największemu napięciu przy rotacji 

wewnętrznej kości piszczelowej i zgięciu stawu kolanowego między 30 a 90 stopni. Natomiast 

sam ACL stabilizuje przednio-rotacyjnie staw kolanowy głównie przy zgięciu poniżej 35 stopni 

[22]. Oprócz wymienionych struktur, warstwa powierzchowna kompleksu przednio-bocznego, 

czyli ITB i jego anatomiczne komponenty, również stabilizują staw kolanowy rotacyjnie, w 

szczególności warstwa torebkowo-kostna ograniczając rotację wewnętrzną przy jego zgięciu 

ponad 30 stopni [15, 19, 23]. Ponadto, oszacowano, że nieuszkodzone ITB może zmniejszać 

siły działające na ACL o 23-40% [24]. Co więcej, wykazano, że przerwanie bocznej część torby 

stawowej odgrywa również znaczną rolę w niestabilności przednio-rotacyjnej [15, 21].  

Warto wspomnieć, że temat stabilności staw kolanowego stanowi złożony aspekt i nie 

ogranicza się tylko do udziału struktur powierzchownych i głębokich kompleksu przednio-

bocznego. Uważa się, że wpływ na stabilność wyżej wymienionego stawu ma również korzeń 

tylny łąkotki bocznej, którego uszkodzenie lub całkowite usunięcie może prowadzić do bardziej 

wyrażonego testu „pivot shift” [25]. Podobnie sygnalizuje się, że niewydolność więzadła tylno-
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przyśrodkowego łąkotkowo-piszczelowego może powodować niestabilność rogu tylnego 

łąkotki przyśrodkowej, co może pogłębiać niewydolność ACL [26]. 

4. Tenodeza boczna zewnątrzstawowa

Pierwsza technika LET została opisana w latach 1960 przez Lemaire jako izolowana forma 

leczenia całkowitego uszkodzenia ACL. Z powodu niesatysfakcjonujących wyników klinicznych 

takiego działania, zaniechano stosowania tej procedury przez wiele lat [27]. Po doniesieniach 

w 2013 r. na temat biomechaniki ALL, technika ta ponownie wróciła do łask jako procedura 

uzupełniająca artroskopową ACLR. Celem ograniczenia niestabilności rotacyjnej podczas 

jednoczasowej ACLR, wykonuję się bezpośrednią rekonstrukcją ALL lub nieanatomiczną LET. 

Aktualnie liczne badania nie wykazują przewagi jednej procedury nad drugą. Obie grupy 

procedur wiążą się ze zredukowanym odsetkiem uszkodzeń przeszczepionego ACL, 

zmniejszonym odczuciem niestabilności oraz lepszymi wynikami klinicznymi w porównaniu z 

izolowaną artroskopową ACLR [28–30]. Wskazania do LET podczas jednoczasowej ACLR 

pozostają przedmiotem debaty i nie zostały jeszcze definitywnie określone. Mimo braku 

konsensusu w tej kwestii, generalnie akceptowalnymi pozostają: wysoki stopień „pivot shift 

test”, rewizyjna ACLR, wiotkość więzadłowa, zawodowi sportowcy oraz pacjenci wymagający 

naprawy łąkotek [11, 31]. Przeciwskazania do LET podczas jednoczasowej ACLR również nie 

zostały dotychczas jednoznacznie określone. Jednak liczne prace wskazują, że procedura LET 

nie powinna być stosowana w uszkodzeniach wielowięzadłowych stawu kolanowego, 

całkowitych uszkodzeniach więzadła krzyżowego tylnego i uszkodzeniach więzadeł 

pobocznych. Natomiast przeciwskazaniami, wokół których panuje niezgodność stanowią 

poważne uszkodzenia chrząstki stawowej wymagające chirurgicznego zaopatrzenia i znaczne 

zaburzenia osi kończyny w płaszczyźnie czołowej  [32–37]. 

Badania biomechaniczne na kadawerach wskazują, że zastosowanie LET prowadzi głównie do 

stabilizacji rotacyjnej stawu kolanowego przy jego zgięciu w zakresie 0-30 stopni. Szacuje się, 

że LET w tym zakresie może stabilizować wyżej wymieniony staw mocniej niż natywne 

struktury takiej jak ALL i ITB [38]. Mniejszy wpływ LET, lecz nadal statystycznie istotny, 

widoczny jest przy 60 i 90 stopniach [39]. Podobnie jak w obserwacjach klinicznych pacjentów, 

nie wykazano istotnych różnić biomechanicznych między licznymi technikami LET, co 

podtrzymuje aktualne stanowisko o dobrowolności wyboru metody chirurgicznej przez 

operatora [40]. Podobna zasada dotyczy również wyboru wzmocnienia kompleksu przednio-

bocznego między bezpośrednią rekonstrukcją ALL a nieanatomiczną LET – nie udowodniono 
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wyższości jednej metody nad drugą [39, 41].  Co więcej, szacuje się, że zastosowanie LET może 

powodować zmniejszenie działających sił na przeszczepiony ACL do 43% [21]. 

Liczne techniki operacyjne LET zostały opisane w literaturze. Aktualnie jedną z najczęściej 

stosowanych metod jest zmodyfikowana technika Lemaire [42]. Nieco mniejszą popularnością 

cieszą się metody według MacIntosha, Arnolda-Cokera, Ellisona oraz liczne ich modyfikacje 

[40]. Wybór techniki operacyjnej zależy od preferencji chirurga ortopedy, bowiem zarówno 

rezultaty kliniczne jak i biomechaniczne są zbliżone i nie wykazano przewagi jednej metody 

nad drugą [43, 44]. Zdecydowana większość z nich polega na opracowaniu paska z ITB o różnej 

długości i przełożeniu go pod FCL z zakotwiczeniem jego proksymalnego, wolnego końca w 

kłykciu bocznym kości udowej używając do tego dowolnego instrumentarium [11]. Z reguły 

stosowane są kotwice, staplery, śruby interferencyjne lub szwy różnego typu. Badanie, które 

porównywało odsetek komplikacji między kotwicą a śrubą interferencyjną podczas fiksacji 

paska ITB w LET, nie wykazało istotnych różnic w obserwacji dwunastomiesięcznej [45].  

Zmodyfikowana technika Lemaire polega na wykonaniu dostępu operacyjnego o długości 

około 6-8 cm między guzkiem Gerdy a tylną krawędzią kłykcia bocznego kości udowej. W 

przypadku technik mało-inwazyjnych, cięcie ogranicza się do 3-4 cm [46]. Następnie 

identyfikuje się centralną część ITB, w którym preparuje się pasek wzdłuż dostępu 

chirurgicznego o długości 8 cm i szerokości 1 cm z wolnym końcem proksymalnym, który 

obszywa się nićmi, by utworzyć lejce. Kolejnym krokiem jest odnalezienie brzegów przedniego 

i tylnego FCL. Za pomocą narzędzi chirurgicznych (np. kleszczyków naczyniowych), preparując 

na ostro i tępo, wytwarza się lożę bezpośrednio pod FCL, przez którą przeciąga się pasek ITB z 

wykorzystaniem wcześniej utworzonych lejców (Rys. 3). Następnie preparuje się okolicę 

proksymalno-tylną kłykcia bocznego kości udowej z tkanek miękkich celem dotarcia do 

warstwy korowej. Po wykonaniu tego etapu, za pomocą dowolnego materiału fiksującego, pod 

umiarkowanym napięciem mocuje się koniec wolny paska ITB do kości. Staw kolanowy po 

wykonaniu fiksacji, powinien mieć zachowany cały zakres ruchomości. Następnie zszywa się 

ITB oraz tkankę podskórną i skórę. Cała procedura odbywa się po wcześniejszym wykonaniu 

ACLR oraz przy zgięciu w stawie kolanowym 90 stopni i neutralnej rotacji [42, 46, 47].  
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Rys. 3. Zdjęcie ukazujące etap zmodyfikowanej techniki Lemaire, podczas którego przesunięto pasek ITB pod LCL 

we wcześniej wypreparowanej loży. Uwidoczniono więzadło poboczne strzałkowe (Lateral Collateral Ligament 

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

Jak każda procedura chirurgiczna, LET nie jest pozbawiona efektów ubocznych. Jedną z 

częstszych komplikacji tego sposobu leczenia jest mechaniczne podrażnienie okolicznych 

tkanek przez zastosowany materiał służący do fiksacji paska ITB [35, 48, 49]. Objawy jakie 

występują to uczucie dyskomfortu i dolegliwości bólowe. Część z tych powikłań przemija 

samoistnie, a w przypadku ich charakteru przewlekłego, zaleca się usunięcie materiału 

fiksującego [49]. Kolejnymi powikłaniami są krwiak w okolicy dostępu operacyjnego, 

przewlekły ból niezwiązany z materiałem fiksującym, śródoperacyjne uszkodzenie paska ITB 

lub materiału fiksującego, przerwanie ciągłości FCL i zakażenie miejsca operowanego [35, 48–

52]. Mimo opisanych efektów ubocznych LET, jedno z badań randomizowanych nie wykazało 

zwiększonego odsetka reoperacji w grupie, w której zastosowano jednoczasowo ACLR+LET w 

porównaniu z grupą, u których wykonano tylko ACLR (15% versus 18%) [35]. W aspekcie 

długoterminowych komplikacji związanych z LET, pozostaje obawa o możliwość 

„przesztywnienia” przedziału bocznego stawu kolanowego prowadzące do jego 
12



przyspieszonej choroby zwyrodnieniowej. Jednak aktualne badania kliniczne nie wykazują 

takiej tendencji [43, 48, 53]. Potwierdzają to również prace badające kinematykę stawu 

kolanowego. Stwierdzono, że nawet znaczne napięcie paska ITB podczas jego fiksacji (80 

niutonów) w niewielkim stopniu nadmiernie zwiększa kontakt powierzchni stawowych 

przedziału bocznego, a napięcie o wartości 20 niutonów jest wystarczające do przywrócenia 

fizjologicznego stanu [54]. Tyczy się to również implantacji paska ITB przy rotacji zewnętrznej 

kości piszczelowej a nie neutralnej [8]. Co więcej, w jednej z prac o długiej obserwacji 

przedstawiono wyniki, które ujawniły, że pacjenci z grupy izolowanej ACLR, cierpieli na cięższą 

postać gonartrozy niż ci z grupy z ACLR+LET [55]. 

5. Cel pracy

Celem pracy jest ocena funkcjonalna i ultrasonograficzna pacjentów po zastosowaniu 

zmodyfikowanej tenodezy bocznej zewnątrzstawowej z użyciem kotwicy „self-punching all-

suture” w rekonstrukcji więzadła krzyżowego przedniego oraz ustalenie wskazań do 

wykonania tej procedury. 

Szczegółowe cele: 

1. Zastosownie mini-inwazyjnej zmodyfikowanej techniki tenodezy bocznej

zewnątrzstawowej z użyciem kotwicy typu „self-punching all-suture” podczas

jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego przedniego, z

jednoczasową oceną funkcjonalną badanych pacjentów.

2. Ocena pooperacyjna pasma biodrowo-piszczelowego wykorzystanego w technice

tenodezy bocznej zewnątrzstawowej z wykorzystaniem ultrasonografii oraz ustalenie

zależności pomiędzy wynikami funkcjonalnymi a badaniem ultrasonograficznym.

3. Analiza i ustalenie wskazań do wykonania tenodezy bocznej zewnątrzstawowej podczas

jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego przedniego.
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6. Streszczenie artykułów oryginalnych

Artykuł oryginalny I 

„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 było zastosowanie mini-inwazyjnej i zmodyfikowanej techniki operacyjnej 

tenodezy bocznej zewnątrzstawowej z użyciem kotwicy typu „self-punching all-suture” 

podczas jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego przedniego oraz 

pooperacyjna ocena kliniczna pacjentów poddanych tej procedurze. 

Materiał i metody: Do badania włączono 32 pacjentów, u których wykonano pierwotny lub 

rewizyjny zabieg artroskopowej rekonstrukcji więzadła krzyżowego przedniego z 

zastosowaniem mini-inwazyjnej techniki tenodezy bocznej zewnątrzstawowej z użyciem 

kotwicy „self-punching all-suture”. Kryteria włączenia obejmowały całkowite uszkodzenie 

więzadła krzyżowego przedniego z objawową niestabilnością, wiek od 18 do 64 lat i 

oczekiwania pacjenta dotyczące powrotu do poziomu sprawności sportowej sprzed urazu. 

Kryteria wykluczenia obejmowały wcześniejsze operacje przeciwnego stawu kolanowego, 

uszkodzenia więzadła krzyżowego przedniego bez objawowej niestabilności, uraz przeciwnego 

stawu kolanowego, zaburzenia osiowości kolana, uraz wielowięzadłowy stawu kolanowego, 

wiek poniżej 18 roku życia lub większy niż 65 lat. Grupa badana została poddana przed- i 

pooperacyjnym badaniu klinicznemu (test Lachmana, test McMurray’a, test pivot shift, test 

szuflady przedniej i tylnej) wraz z zebraniem następujących kwestionariuszy: KOOS, IKDC, 

Lysholm i WOMAC. 

Wyniki: W okresie pooperacyjnym w badanej grupie 32 pacjentów były 4 kobiety (12,5%) i 28 

mężczyzn (87,5%), a ich średni wiek wyniósł 35,7 lat, wahając się od 20 do 63 lat. Pięciu 

pacjentów (15,6%) przeszło operację rewizyjną rekonstrukcji więzadła krzyżowego przedniego 

oraz LET. Badanie kliniczne przeprowadzono średnio 234,5 dni (SD – 136,3 dni) po operacji 

(zakres 55-487 dni). U 20 pacjentów (62,5%) zdiagnozowano dodatkowe uszkodzenia łąkotek, 

a ponadto uszkodzenia chrząstki stopnia 2 według skali Outerbridge wykryto u 7 pacjentów, a 

stopnia 3 u 1 pacjenta, co stanowiło 25% badanej grupy.  U wszystkich pacjentów wyniki 

testów fizykalnych, takich jak test Lachmana, tylnej szuflady i test McMurraya były ujemne. W 

grupie 4 pacjentów (12,5%) uzyskano dodatni wynik testu pivot shift (stopień 1), a u 1 pacjenta 

(3,1%) uzyskano dodatni wynik testu przedniej szuflady (stopień 1), ci pacjenci nie zgłaszali 14



objawów niestabilności stawu kolanowego. Powikłania śród- i pooperacyjne nie wystąpiły. 

Uzyskano poprawę wyników klinicznych w każdym z kwestionariuszy w porównaniu z oceną 

przedoperacyjną. 

Wnioski: Przedstawiona w badaniu mini-inwazyjna i  zmodyfikowana technika operacyjna 

tenodezy bocznej zewnątrzstawowej z użyciem kotwicy typu „self-punching all-suture” 

podczas jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego jest bezpieczną 

metodą, zmniejszającą ryzyko komplikacji. Jej zaletą jest  mniejszy rozmiar blizny w 

porównaniu z klasycznymi technikami operacyjnymi, a kotwica typu „self-punching all-

suture” nie wymaga dodatkowych narzędzi chirurgicznych podczas fiksacji pasma biodrowo-

piszczelowego do kości udowej. 

Artykuł oryginalny II 

“A Sonographic Examination of the Iliotibial 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 były ultrasonograficzna identyfikacja i ocena pasma biodrowo-piszczelowego 

wykorzystywanego w mini-inwazyjnej i zmodyfikowanej tenodezie bocznej zewnątrzstawowej. 

Dodatkowo autorzy oceniali zależności między cechami ultrasonograficznymi a wynikami 

funkcjonalnymi. 

Materiał i metody: Do badania włączono 32 pacjentów, u których wykonano pierwotny lub 

rewizyjny zabieg artroskopowej rekonstrukcji więzadła krzyżowego przedniego z 

zastosowaniem mini-inwazyjnej techniki tenodezy bocznej zewnątrzstawowej. Kryteria 

włączenia stanowiły całkowite uszkodzenie natywnego lub przeszczepionego więzadła 

krzyżowego przedniego z objawową niestabilnością stawu kolanowego, wiek od 18 do 64 lat, 

oczekiwania pacjenta dotyczące powrotu do poziomu sprawności sportowej sprzed urazu i 

poziom ≤3 w skali the American Society of Anesthesiologists. Kryteria wykluczenia 

obejmowały: uszkodzenia więzadła krzyżowego przedniego bez objawowej niestabilności, 

wcześniejsze operacje lub uraz przeciwnego stawu kolanowego, zaburzenia osiowości kolana, 

wiek poniżej 18 roku życia lub większy niż 65, poziom ≥4 w skali the American Society of 

Anesthesiologists. Grupa badana została poddana ocenie ultrasonograficznej oraz przed- i 

pooperacyjnym wypełnieniu następujących kwestionariuszy: KOOS, IKDC, Lysholm i WOMAC. 15



Wyniki: W badanej grupie 32 pacjentów było 28 mężczyzn (87,5%), i 4 kobiety (12,5%), a ich 

średni wiek wyniósł 35,7 lat, wahając się od 20 do 63 lat. Ocenę ultrasonograficzną 

przeprowadzono średnio 234,5 dni (SD - 136,3 dni) po operacji (zakres 55-487 dni). Fragment 

pasma biodrowo-piszczelowego użytego do tenodezy bocznej zewntrzstawowej 

zidentyfikowano u 31 pacjentów (96,9%). Charakteryzował się on średnią szerokością 5,0 mm 

(SD – 1,6 mm) i średnią wysokością 4,6 mm (SD - 1,2 mm) w przekrojach poprzecznych. 

Ultrasonograficznie, jego hiperechogeniczny obraz odnotowano u 27 pacjentów (87,1%), a 

hipoechogeniczny u 4 (12,9%). Lokalizację na poziomie kości udowej wykryto u 11 pacjentów 

(58,1%), między kością udową a piszczelową u 11 (35,5%), a na poziomie kości piszczelowej u 

2 (6,5%). Fragment pasma biodrowo-piszczelowego użytego do tenodezy bocznej 

zewnątrzstawowej cechował się nieobecnością pasma płynowego wokół u 26 pacjentów 

(83,9%) i brakiem aktywnego sygnału Doppler (100%). Natomiast wysięk wokół pobranego 

fragmentu pasma  zaobserwowano u 4 pacjentów (16,1%). Ultrasonograficzną cechą, która 

korelowała negatywnie z wynikami uzyskanymi w KOOS-symptoms były pasma płynowe wokół 

paska pasma biodrowo-piszczelowego (p=0.0115). Pozostałe cechy nie wykazały istotnych 

statystycznie zależności.  

Wnioski: Badanie ultrasonograficzne stanowi użyteczne narzędzie w identyfikacji pasma 

biodrowo-piszczelowego zastosowanego w tenodezie bocznej zewnątrzstawowej podczas 

jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego przedniego. Cechy 

ultrasonograficzne obrzęku wokół tej struktury mogą korelować ze stanem klinicznym 

pacjenta i służyć szybkiej ocenie skuteczności interwencji chirurgicznej. 

Artykuł oryginalny III 

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

A Systematic Review.” 

Cel: Celem pracy była analiza i usystematyzowanie wskazań do wykonania tenodezy bocznej 

zewnątrzstawowej podczas jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego 

przedniego w formie przeglądu systematycznego. 

Materiał i metody: Przeprowadzono przegląd literatury przeszukując bazy PubMed, Cochrane 

Central, ScienceDirect, Web of Science i Embase używając następujących 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 włączono badania przeprowadzane na ludziach o poziomie dowodu naukowego od 1 do 

4 w języku angielskim. Wykluczono prace nieanglojęzyczne, analizy przypadku, prace 

przeglądowe i ankietowe, listy do redakcji, badania nieobejmujące tematyki stawu 

kolanowego, prace na zwierzętach, anatomiczne i radiologiczne badania, abstrakty 

konferencyjne oraz prace z niekompletnymi lub niejednoznacznymi danymi (poziom dowodu 

naukowego 5). Ponadto nie brano pod uwagę prac, które nie określały klarownie wskazań. 

Trzech niezależnych współautorów pracy przeszukało i wyekstrahowało istotne informacje 

takie jak: rok badania, kraj, rodzaj badania, liczba uczestników, średnia wieku, płeć i wskazania 

do procedury tenodezy bocznej zewnątrzstawowej. 

Wyniki: Prześledzono 1027 artykułów opublikowanych między 1999 a 2023, z których 29 

spełniło kryteria włączenia. Łączna liczba uczestników w badaniach wyniosła 4041. Mężczyzn 

było 2796 (63,5%), a kobiet 1605 (36,5%). Średni wiek badanych był równy 24,4 lat. 21 prac 

miało charakter retrospektywny, 8 prospektywny. Poziomy dowodu naukowego ujętych prac 

były następujące: 1 – 4 prace, 3 – 13 prac, 4 – 12 prac. Najwięcej prac przeprowadzono we 

Włoszech (5), Kanadzie (3), Francji (3) i Hiszpani (3). Na podstawie badań ustalono, że 

najczęstszymi wskazaniami do LET były: dyscypliny sportowe o wysokim ryzyku uszkodzenia 

ACL (16 prac), potrzeba naprawy łąkotki (11 prac), test pivot shift stopnia 2 i 3 (11 prac), 

hipermobilność w skali Beightona ≥4 (8 prac) i zabieg rewizyjny rekonstrukcji więzadła 

krzyżowego przedniego (8 prac). Wskazania podzielono na 4 podgrupy w nawiązaniu do oceny 

klinicznej, aktywności sportowej i zabiegu rewizyjnego, oceny radiologicznej i w zależności 

grupy wiekowej. W każdej z wymienionych podgrup w wyżej wymienionej kolejności 

najczęstszymi wskazaniami były:  test pivot shift stopnia 2 i 3 (11 prac), dyscypliny sportowe o 

wysokim ryzyku uszkodzenia ACL (16 prac), objaw Segonda i tyłopochylenie plateau kości 

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

Wnioski: Tenodeza boczna zewnątrzstawowa jest wartościową techniką uzupełniającą 

rekonstrukcję więzadła krzyżowego przedniego u pacjentów z niestabilnością rotacyjną lub 

zwiększonym ryzykiem uszkodzenia przeszczepu. Ustalenie dokładnych wskazań do 

wykonania tej procedury i odpowiednia selekcja pacjentów pozwalają uzyskać lepszą 

stabilność i długoterminowe wyniki funkcjonalne. Włączenie tenodezy bocznej 

zewnątrzstawowej do algorytmu leczenia może poprawić skuteczność leczenia uszkodzeń 

więzadła krzyżowego przedniego, szczególnie u sportowców z towarzyszącymi uszkodzeniami 

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

1. Przedstawiona w badaniu mini-inwazyjna i zmodyfikowana technika operacyjna

tenodezy bocznej zewnątrzstawowej z użyciem kotwicy typu „self-punching all-

suture” podczas jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego

przedniego jest bezpieczną metodą, zmniejszającą ryzyko komplikacji.

2. Zastosowana technika charakteryzuje się mniejszym rozmiarem blizn w porównaniu z

klasycznymi technikami operacyjnymi, a kotwica typu „self-punching all-suture” nie

wymaga dodatkowych narzędzi chirurgicznych podczas pasma biodrowo-

piszczelowego do kości udowej.

3. Opisana metoda operacyjna wiążę się z poprawą wyników klinicznych ocenianych w

kwestionariuszach KOOS, IKDC, Lysholm i WOMAC w porównaniu z wynikami

przedoperacyjnymi.

4. Badania ultrasonograficzne stanowi użyteczne narzędzie w identyfikacji paska pasma-

biodrowo piszczelowego zastosownego w tenodezie bocznej zewnątrzstawowej

podczas jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego

przedniego.

5. Ultrasonograficzna identyfikacja paska pasma biodrowo-piszczelowej użytego do

tenodezy bocznej zewnątrzstawowej i określenie jego morfologii może służyć jako

szybka ocena skuteczności interwencji chirurgicznej.

6. Najczęstszymi wskazaniami do zastosowania tenodezy bocznej zewnątrzstawowej

podczas jednoczasowej rekonstrukcji więzadła krzyżowego przedniego są: udział w

dyscyplinach sportowych o wysokim ryzyku uszkodzenia ACL, uszkodzenia łąkotek

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

8. Streszczenie

Więzadło krzyżowe przednie jest kluczowym elementem stabilizującym staw kolanowy, 

odpowiedzialnym zarówno za jego stabilność przednio-tylną, jak i rotacyjną. Jego całkowite 

uszkodzenie prowadzi do niestabilności kolana oraz towarzyszących urazów łąkotek i chrząstki 

stawowej. Standardem leczenia takich urazów jest artroskopowa rekonstrukcja, najczęściej z 

wykorzystaniem przeszczepu z mięśni kulszowo-goleniowych. Pomimo skuteczności tej 

procedury, część pacjentów doznaje urazu przeszczepu więzadła, utrzymującego się uczucia 

niestabilności i niemożności powrotu do aktywności fizycznej sprzed urazu. Jedną z głównych 

przyczyn tych niepowodzeń jest niedostateczne odtworzenie stabilności rotacyjnej, 18



wynikające z braku naprawy struktur kompleksu przednio-bocznego stawu kolanowego, w 

szczególności więzadła przednio-bocznego. W celu poprawy wyników leczenia, coraz częściej 

podczas jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego przedniego 

wykonuje się także rekonstrukcję więzadła przednio-bocznego lub nieanatomiczną tenodezę 

boczną zewnątrzstawową. Obie procedury mają na celu ograniczenie niestabilności rotacyjnej, 

a ich efekty biomechaniczne i kliniczne są porównywalne. Zastosowanie tenodezy bocznej 

zewnątrzstawowej może istotnie zmniejszyć siły działające na przeszczep więzadła 

krzyżowego przedniego i poprawić jego trwałość. Najczęściej stosowaną metodą tenodezy 

bocznej zewnątrzstawowej jest modyfikacja techniki Lemaire, polegająca na wypreparowaniu 

paska z pasma biodrowo-piszczelowego, który przeprowadzany jest pod więzadłem 

pobocznym strzałkowym i mocowany do kości udowej. Wybór konkretnej techniki zależy od 

doświadczenia chirurga, ponieważ dostępne metody nie wykazują znaczących różnic w 

wynikach klinicznych. 

Grupę badaną stanowili pacjenci z całkowitym uszkodzeniem więzadła krzyżowego 

przedniego, z niestabilnością stawu kolanowego i dolegliwościami bólowymi, w wieku od 18 

do 64 lat i oczekiwaniami dotyczących powrotu do poziomu sprawności sportowej sprzed 

urazu. U chorych wykonano jednoczasowo pierwotną lub rewizyjną artroskopową 

rekonstrukcję więzadła krzyżowego przedniego i tenodezę boczną zewnątrzstawową według 

mini-inwazyjnej, zmodyfikowanej techniki z użyciem kotwicy „self-punching all-suture”. Każdy 

pacjent został poddany ocenie przed- i pooperacyjnej z wykorzystaniem skal KOOS, IKDC, 

Lysholm i WOMAC. Ponadto pooperacyjnie wykonano u każdego z nich testy kliniczne 

Lachmana, McMurray’a, pivot shift, szuflady przedniej i tylnej oraz badanie 

ultrasonograficzne. Obserwowano również wystąpienie wczesnych komplikacji śród- i 

pooperacyjnych. Kolejnym krokiem było wykonanie na podstawie 29 prac z 1027 

przeanalizowanych, przeglądu systematycznego zgodnie z wytycznymi PRISMA, analizując 

wskazania do tenodezy bocznej zewnątrzstawowej. 

W badaniu wzięło udział 32 pacjentów o średnim wieku 35,7 lat. Płeć męska stanowiła 87,5% 

grupy badanej. Średni czas obserwacji wyniósł 234,5 dni. U 27 chorych (84,4%) wykonano 

pierwotną artroskopową rekonstrukcję więzadła krzyżowego przedniego i tenodezy bocznej 

zewnątrzstawowej, a u 5 (15,6%) rewizyjną. U 20 pacjentów (62,5%) śródoperacyjnie 

zdiagnozowano dodatkowe uszkodzenia łąkotek oraz u 7 chorych (25%) uszkodzenia chrząstki 

stawowej o różnym 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 były negatywne. Nie 19



stwierdzono śródoperacyjnych i wczesnych powikłań pooperacyjnych po zastosowaniu 

zaprezentowanej techniki tenodezy bocznej zewnątrzstawowej. Ponadto uzyskano poprawę 

wyników klinicznych w każdym z kwestionariuszy (KOOS, IKDC, Lysholm i WOMAC) w 

porównaniu z oceną przedoperacyjną. W badaniu ultrasonograficznym pobrany fragment 

pasma biodrowo-piszczelowego zidentyfikowano u 31 pacjentów (96,9%). Typowa 

ultrasonograficzna morfologia użytego fragmentu pasma biodrowo-piszczelowego wydaje się 

być następująca: średnia szerokość 5,0 mm, średnia wysokość 4,6 mm, hiperechogeniczna 

struktura (87,1%), lokalizacja na poziomie kości udowej (58,1%), brak pasma płynowego wokół 

(83,9%) i brak aktywnego sygnału Doppler (100%). Ultrasonograficzną cechą, która korelowała 

negatywnie z wynikami uzyskanymi w KOOS-symptoms było pasmo płynowe wokół 

pobranego fragmentu pasma biodrowo-piszczelowego (p=0.011). Pozostałe cechy nie 

wykazały istotnych statystycznie zależności. W przeprowadzonym przeglądzie 

systematycznym zidentyfikowano łącznie we wszystkich pracach 4041 uczestników, a ich 

średni wiek wyniósł 24,4 lat. 21 prac miało charakter retrospektywny, 8 prospektywny. 

Poziomy dowodu naukowego ujętych prac były następujące: 1 – 4 prace, 3 – 13 prac, 4 – 12 

prac. W rezultacie przeprowadzonej analizy ustalono że, najczęstszymi wskazaniami do 

tenodezy bocznej zewnątrzstawowej były: dyscypliny o wysokim ryzyku uszkodzenia ACL (16 

prac), uszkodzenia łąkotek wymagające naprawy (11 prac), pozytywny test „pivot shift” 

stopnia 2 i 3 (11 prac).   

Przedstawiona w badaniu mini-inwazyjna i zmodyfikowana technika operacyjna tenodezy 

bocznej zewnątrzstawowej z użyciem kotwicy typu „self-punching all-suture” podczas 

jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego jest bezpieczną metodą, 

zmniejszającą ryzyko komplikacji. Zastosowana technika charakteryzuje się mniejszym 

rozmiarem blizn w porównaniu z klasycznymi technikami operacyjnymi, a kotwica typu „self-

punching all-suture” nie wymaga dodatkowych narzędzi chirurgicznych podczas fiksacji pasma 

biodrowo-piszczelowego kości udowej. Badanie ultrasonograficzne stanowi użyteczne 

narzędzie w identyfikacji pasma biodrowo-piszczelowego zastosowanego w tenodezie bocznej 

zewnątrzstawowej podczas jednoczasowej artroskopowej rekonstrukcji więzadła krzyżowego 

przedniego. Ultrasonograficzna identyfikacja paska pasma biodrowo-piszczelowego użytego 

do tenodezy bocznej zewnątrzstawowej i określenie jego morfologii może służyć jako szybka 

ocena skuteczności interwencji chirurgicznej.  Najczęstszymi wskazaniami do zastosowania 

tenodezy bocznej zewnątrzstawowej podczas jednoczasowej rekonstrukcji więzadła 

krzyżowego przedniego są: udział w dyscyplinach sportowych o wysokim ryzyku uszkodzenia 

więzadła krzyżowego przedniego, uszkodzenia łąkotek wymagające napraway oraz pozytywny 

wynik testu pivot shift stopnia 2 lub 3.  20



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 21



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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to mitigate these effects, especially in young, ac-
tive patients.3 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%).4,5 
Thus, ACLR has been recently combined with lat-
eral extra-articular tenodesis (LET) procedures 

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.1 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 
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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.
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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,16 
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 

or anterolateral ligament (ALL) reconstructions 
that reliably decrease rotational knee instability 
and reduce the risk of ACL graft failure.6,7 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.8 According to biomechanical 
research, LET aids in offloading the ACL graft, 
which reduces anterior tibial translation in re-
sponse to rotational forces.9

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.8,10 However, these in-
dications are not definitive and remain a subject 
of debate. The LET technique was first described 
by Lemaire in 1967.11 Recently, it has garnered 
increasing interest, which has spurred the devel-
opment of numerous new surgical techniques.12 
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.9 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.13 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.14 Although there are 
many surgical techniques describing the imple-
mentation of LET, the modified Lemaire proce-
dure seems to be widely favored.15

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

A B

FIGURE 1�  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.
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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 cm skin incision 
between the  lateral femoral epicondyle and 
Gerdy tubercle. Dissection was performed to 
identify and expose the ITB. A 1 cm × 8 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 

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.17 
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 

A B C D E

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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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 

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.18 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 

A B C D E

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

KOOS‑pain 59.88 (19.26) 80.46 (15.52) <0.001

KOOS‑symptoms 60.59 (23.78) 82.38 (15.72) <0.001

KOOS‑ADL 67.39 (22.74) 90.36 (10.81) <0.001

KOOS‑sport activity 36.95 (27.35) 70.47 (24.96) <0.001

KOOS‑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
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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 

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 
(IKDC), 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.

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.
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used a 15‑cm incision and a 15 cm × 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 × 1 cm).19,20 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.19,21 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 al22 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,15 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 al23 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 

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 

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. 
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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.).33 The extent of clinical improve-
ment does not differ regardless of the graft used 
(hamstring, BTB, or quadriceps graft).34 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 It 
is estimated that 63% of patients after a stand-
alone ACLR restore their preinjury sports perfor-
mance level.39 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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lateral compartment (<1%). Eggeling et al24 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.25 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 al22 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 al29 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 × 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.30,31 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 al32 suggest the following 
criteria: revision ACLR, high‑grade pivot shift, 
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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 × 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.
It is 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.

Appl. Sci. 2025, 15, x FOR PEER REVIEW 4 of 12 
 

strip location by the Kruskal–Wallis test, and width and height using Spearman’s correla-
tion analysis (two-tailed). Qualitative variables were characterized by the number of ob-
servations 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. 

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 per-
formed 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%). Measure-
ments 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 illustra-
tion 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 patholo-
gies. It is 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. Demo-
graphic 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. 

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. Sonographic pictures 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 scan of the iliotibial band (ITB) strip (arrow) located between the femur and
the tibia. The echogenicity of the ITB strip is slightly altered with centres of significantly decreased
echogenicity. (C) Ultrasonographic short-axis scan of the iliotibial band (ITB) strip (arrow) located
between the femur and the tibia. The ITB strip is hyperechoic with the surrounding hypoechogenic
area, suggesting the presence of fluid (*). (D) Ultrasonographic short-axis scan of the iliotibial band
(ITB) strip (arrow) located at the level of the tibia. The ITB strip is hyperechoic with the surrounding
hypoechogenic area, suggesting the presence of fluid (*). F—femur; T—tibia; LCL—lateral collateral
ligament; *—presence of fluid.
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Table 1. Patient demographics and sonographic features.

General

Sex, n males (%) 28 (87.5)

Age, years (mean ± SD) 35.7 ± 12.1

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) 5.0 ± 1.6

Height, mm (mean ± SD) 4.6 ± 1.2

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-symptoms,
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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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
Femur

Between the Femur
and the Tibia

At the Level of the
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.
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Indications for Lateral Extra-articular
Tenodesis in Anterior Cruciate Ligament
Reconstruction

A Systematic Review

Jan Zabrzyński,* Prof. , Adam Kwapisz,yz MD, PhD , Jakub Erdmann,* MD ,
Maria Zabrzyńska,* MD, Michał Błachowski,*§ MD, PhD , Jakub Ohla,* MD, PhD ,
Michalina Adamczyk,* Maciej Sokołowski,* Bartosz Majchrzak,* and Gazi Huri,|| Prof.
Investigation performed at the Department of Orthopaedics and Traumatology,
Faculty of Medicine, Collegium Medicum in Bydgoszcz, Nicolaus Copernicus
University in Toruń, Bydgoszcz, Poland

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,

the growing popularity of competitive team sports explains
the rapid rise in the occurrence of ACL injuries.23,30,32

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.37

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.17,38 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.9,33 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.21

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.10 Another break-
through was published by Claes et al,4 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.3,17 In a cadaver investigation, Thein et al34

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.

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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||Department of Orthopaedics and Traumatology, School of Medicine, Hacettepe University, Ankara, Turkey.
Submitted May 13, 2024; accepted September 4, 2024.

The authors declared that they have no conflicts of interest in the authorship and publication of this contribution. AOSSM checks author disclosures
against the Open Payments Database (OPD). AOSSM has not conducted an independent investigation on the OPD and disclaims any liability or respon-
sibility relating thereto.

2 Zabrzyński et al The American Journal of Sports Medicine

54



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

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 al24 and Imbert et al19 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,27 the
age of patients was not mentioned. In the studies of Perelli
et al,31 Trichine et al,35 Rowan et al,33 El-Azab et al,7

Joseph et al,21 Viglietta et al,39 Getgood et al,12 Heard
et al,16 and Keizer et al,22 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 al21 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 cm2 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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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/s2 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 Vadalà et al,38 Feller et al,9 and Rowan et al.33

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,21 Vadalà et al,38 Marcacci et al,27 and Rowan
et al33 found the age requirement to be less important. Mean-
while, Feller et al9 simultaneously listed 2 age criteria: ado-
lescents and, as a minor criterion, age \20 years.

TABLE 1
General Characteristics and Descriptive Data of the Studies on Indications for the Lateral Extra-articular Tenodesis

First Author Year Country Study Design

Level of

Evidence Type of Study

Sample

Size Male Female

Mean

Age, y

Green14 2023 USA Case series 4 Retrospective 48 27 21 14.20

Hantouly15 2023 Qatar Cohort 3 Retrospective 100 94 6 28.15

Perelli31 2022 Spain Cohort 3 Retrospective 66 43 23 13.65

Firth11 2022 Canada Case-control 3 Retrospective 568 276 292 18.80

Trichine35 2014 Algeria Randomized trial 1 Prospective 120 120 0 28.15

Mahmoud24 2022 Australia Matched cohort 3 Retrospective 72 55 17 25.00

Rowan33 2019 UK Propensity-matched case-control 3 Prospective 273 154 119 31.60

Imbert19 2017 France Multicenter study 4 Retrospective 478 373 105 28.00

El-Azab7 2023 Egypt, Austria Randomized comparative 1 Prospective 100 73 27 27.50

Joseph21 2020 France, Switzerland Comparative study 3 Retrospective 87 57 30 29.70

Eggeling6 2022 Germany Cohort 3 Retrospective 78 48 30 28.70

Minguell Monyart28 2023 Spain Case series 4 Prospective 46 31 15 36.30

Vadalà38 2013 Italy Comparative 3 Prospective 60 0 60 27.00

Gibbs13 2022 USA, Japan Cohort 3 Retrospective 20 12 8 20.80

Feller9 2021 Australia Case series 4 Retrospective 25 21 4 8.50

Viglietta39 2022 Italy Cohort 3 Retrospective 164 126 38 27.30

Marcacci27 2009 Italy Case series 4 Retrospective 60 45 15 —

Ibrahim 18 1999 Kuwait Case series 4 Retrospective 153 153 0 23.70

Declercq5 2023 Belgium Case series 4 Retrospective 86 69 17 26.10

Monaco29 2022 Italy Cohort 3 Retrospective 111 69 42 16.20

Getgood12 2020 Canada Randomized controlled trial 1 Retrospective 356 154 202 18.90

Heard16 2023 Canada Randomized clinical trial 1 Prospective 618 302 316 18.90

Zaffagnini40 2017 Italy Case series 4 Prospective 60 45 15 25.50

Farinelli8 2023 Austria Case series 4 Retrospective 27 27 0 23.15

Trojani36 2012 France Case series 4 Retrospective 189 127 62 22.70

Alm1 2020 Germany Case series 4 Retrospective 73 39 34 31.00

Jacquet20 2021 France Cohort 3 Retrospective 266 190 76 30.40

Keizer22 2023 Netherlands Cohort 3 Retrospective 78 57 21 29.30

Borim2 2023 Spain Case series 4 Prospective 19 9 10 27.70

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

Indication Green et al14 Firth et al11 Monaco et al29 Farinelli et al8

Anterior translation .7 mm 1 – – –
Posterior tibial slope .12� 1 1 – 1

Notch width index \0.22 1 – – –
Large marrow edema pattern (LFC and LTP transchondral fractures) 1 – – –
Segond sign 1 – 1 1

aLFC, lateral femoral condyle; LTP, lateral tibial plateau.
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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

effect of LET on ACLR outcomes in recent years, it appears
crucial to establish clear indications for this procedure.
Our study findings showed that the main frequent and
repeated indications for using LET in ACLR are meniscal
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.11,21,29,31 In
the Green et al14 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

TABLE 3
Indications for the Lateral Extra-articular Tenodesis According to Clinical Assessmenta

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/s2 of acceleration or a side-to-side

difference �50% assessed using PIVOT technology and an inertial sensor
1

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 cm2 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

aThe full table listing the studies is available as an appendix with the online version of this article.

TABLE 4
Indications for Lateral Extra-articular Tenodesis

Related to Physical Activity and Revision Surgerya

Indication
No. of

Studies

Patient with chronic ACL insufficiency 5
Contralateral ACLR 2
Revision ACLR 8
Sports: high risk 15
High risk of graft failure 6
Medial meniscal repair/excision 11
Small graft diameter 2
High-level athletics 3
High level of sporting activity: Tegner activity

score �7
1

Failed contralateral ACLRb 1
Body mass index: 18-35 1
Minimum interval of 2 mo between trauma

and surgeryb
1

Positive history of ACL rupture (parent, sibling)b 2
Persistent or recurrent instability after ACLR 1
ACLR graft rupture 1
Tegner Activity Scale level �6 before primary

ACL rupture and before primary ACLR
1

aThe 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.

bMinor criteria.

TABLE 5
Indications for Lateral Extra-articular

Tenodesis According to Agea

Age No. of Studies

Adolescents 5
\25 y 3
\20 y 2
14-40 y 1
15-50 y 2
.18 y 1
\40 y 1
18-50 y 1
.16 y 1

aThe full table listing the studies is available as an appendix
with the online version of this article.
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returned to sport, and the rate of graft rupture was 0%.
Joseph et al21 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 al11 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.25,26

Vadalà et al38 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,18 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 al9 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.27,39,40 Viglietta et al39

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 al27 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 al40 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 al5 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 al19 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

over the pivot shift with a low retear rate and a low rate
of secondary meniscal damage. Getgood et al12 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 al31 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 al15 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.9,11,18,21,27,38,39 Firth et al11 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,18 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 al39 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.2,5,9,12,14,28,33,35,38

Trichine et al35 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 1 pivot shift and a pos-
itive anterior drawer test at 90� of flexion. Rowan et al33

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 al28 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 Vadalà
et al38 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 al20 and Farinelli et al8 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 al22 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 al16

for hamstrings, Green et al14 for quadriceps femoris, and
Minguell Monyart et al28 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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38. Vadalà AP, Iorio R, De Carli A, et al. An extra-articular procedure

improves the clinical outcome in anterior cruciate ligament recon-

struction with hamstrings in female athletes. Int Orthop.

2013;37(2):187-192.

39. Viglietta E, Ponzo A, Monaco E, et al. ACL reconstruction combined

with the Arnold-Coker modification of the MacIntosh lateral extra-

articular tenodesis: long-term clinical and radiological outcomes.

Am J Sports Med. 2022;50(2):404-414.

40. Zaffagnini S, Marcheggiani Muccioli GM, Grassi A, et al. Over-the-top

ACL reconstruction plus extra-articular lateral tenodesis with ham-

string tendon grafts: prospective evaluation with 20-year minimum

follow-up. Am J Sports Med. 2017;45(14):3233-3242.

For reprints and permission queries, please visit Sage’s Web site at http://www.sagepub.com/journals-permissions
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