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Os recentes estudos anatomicos e biomecanicos sobre o ligamento anterolateral (LAL) do
joelho evidenciam que essa estrutura apresenta fungao relevante para a estabilidade arti-
cular principalmente quando associada a lesdo do ligamento cruzado anterior (LCA). No
entanto, os critérios para sua reconstrucdo ainda nao estdo totalmente estabelecidos, assim
como as técnicas cirurgicas descritas apresentam variagdes sobre os pontos anatdmicos e
materiais de fixacdo. O estudo apresenta uma técnica reprodutivel para a reconstrucdo do
LAL e LCA com os tenddes flexores que usa trés parafusos de interferéncia para as fixagoes.
© 2015 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier Editora
Ltda. Este é um artigo Open Access sob uma licen¢a CC BY-NC-ND (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Reconstruction of anterior cruciate ligament and anterolateral ligament
using interlinked hamstrings - Technical note

ABSTRACT
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Recent anatomical and biomechanical studies on the anterolateral ligament (ALL) of the
knee have shown that this structure has an important function in relation to joint stability,
especially when associated with anterior cruciate ligament (ACL) injury. However, the crite-
ria for its reconstruction have not yet been fully established and the surgical techniques that
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have been described present variations regarding anatomical points and fixation materi-

als. This study presents a reproducible technique for ALL and ACL reconstruction using

hamstring tendons, in which three interference screws are used for fixation.
© 2015 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

Introducao

A instabilidade anterior do joelho tratada com a reconstrugao
do ligamento cruzado anterior (LCA) é um procedimento que
apresenta bons resultados clinicos. No entanto, estima-se que
o indice de insucesso para essa cirurgia esteja entre 1,8% a
14%.%? A persisténcia da instabilidade anterolateral avaliada
pelo teste de pivot-shift no pés-operatério é descrita como um
desses fatores.??

Ap6s a “redescoberta” anatémica e os estudos biomecani-
cos do ligamento anterolateral (LAL) demonstrarem que essa
estrutura agrega importéncia para estabilidade anterolateral
do joelho, nota-se que a insuficiéncia desse ligamento pode
contribuir para o insucesso funcional das reconstrucdes iso-
ladas do LCA.*

O objetivo deste trabalho é expor uma técnica reproduti-
vel de reconstrucdo anatémica do LCA e LAL com os tenddes
flexores e uso de trés parafusos de interferéncia.

Técnica cirurgica

Quinze pacientes adultos (19-38 anos), 12 homens e trés
mulheres, foram submetidos a reconstru¢do do LCA e LAL
pela técnica descrita a seguir com seguimento médio de 10
meses (6-15 meses). Todos os pacientes retornaram sem quei-
xas as atividades de vida didria e ou esportivas recreativas que
praticavam antes da lesao

Indicagdo

Apés a raquianestesia, um exame clinico é feito para a
mensuracao de suficiéncia do LAL.

A assimetria de anteriorizacdao do planalto lateral com a
rotacdo interna da tibia em flexdo de 30° a 60° em relacdo ao
joelho contralateral e acentuacdo da positividade da manobra
de pivot-shift podem ser indicios clinicos de insuficiéncia do
ligamento anterolateral.*

Usamos a classificagdo para a manobra de pivot-shift deter-
minada pela International Knee Documentation Committee®
(IKDC) 2000, que descreve quatro graus: O - normal, 1 - desliza-
mento, 2 - deslizamento com ressalto (clunk), 3 - deslizamento
grosseiro.

Os critérios usados para reconstrucdo do ligamento ante-
rolateral associado a lesdo do LCA s3o:

1. Lesdo na substdncia do LAL em ressondncia magnética
(RM), a qual denominamos Lesdo Segond-Like;

2. Fratura de Segond;’

3. Pivot-shift classificado como grau II/1II;

4. Revisdo de reconstrucdao do LCA em que pacientes apre-
sentavam pivot-shift residual durante o pés-operatério e
evoluiram com lesdo do enxerto;

5. Anteriorizacdo assimétrica do planalto lateral visivel com
a rotacao interna do joelho em flexdo entre 30° e 60°.

6. Sinal do entalhe lateral femoral.?

Preparacdo do enxerto e técnica cirtrgica

A exérese dos tenddes do semitendineo (ST) e gracil (GR) é feita
por meio de incisdo anteromedial na tibia de 4 cm sobre a pata
anserina.

Durante o procedimento artroscépico pelos portais ante-
romedial e anterolateral, o inventdrio articular e a limpeza
do intercondilo sdo feitos enquanto os tenddes sdo manipu-
lados na mesa de instrumentacdo. Todos os enxertos foram
preparados com Ethibond® n° 2 (Ethicon, Somerville, NJ).

O tenddo do Grécil, usado para reconstruir o LAL, é pre-
parado para formar um enxerto duplo. Cada uma de suas
extremidades é suturada com pontos tipo Krakow.

Uma das extremidades do gracil é passada em forma de
“alca” durante a preparacao do enxerto triplo do tendao semi-
tendineo, que sera usado para a reconstrucdo do LCA, de
maneira que o enxerto duplo do GR apresente o mesmo tama-
nho em suas duas partes e o enxerto triplo de ST apresente
uma extremidade com sutura Krakow e a outra extremidade
fique ancorada no gracil (fig. 1A-C).

Apés a preparacao e medida dos didmetros dos enxertos,
geralmente 8 mm para o triplo de ST e 5mm para o duplo GR,
os tuneis femoral e tibial sdo preparados.

O tuinel femoral, comum para o LCA e LAL, é feito pela téc-
nica outside-in. Um guia tibial de LCA é colocado de modo que
sua posigdo articular sobreponha o footprint da inser¢do anato-
mica do LCA na parede intercondilar. Uma abertura de 65° é
aplicada para minimizar o turn killer do enxerto.

Apbs o posicionamento do guia de LCA e a verificagdo do
local em que o fio guia sera introduzido, o mesmo é retirado e
uma incisdo longitudinal de 4 cm na pele e no trato iliotibial é
realizada na face lateral do joelho.

Identifica-se o epicondilo lateral por palpacdo
e a 8mm (aproximadamente uma ponta digital)
posterosuperiormente®'? introduz-se o fio guia na cortical
lateral femoral para marcar o local de entrada.

O guia do LCA é entdo recolocado e acoplado ao fio guia
seguido da perfuracdo em trajeto para o footprint articular.
Sequencialmente uma broca do didmetro do enxerto é usada
para fazer o tinel, que geralmente apresenta 35 mm de com-
primento.

O tunel tibial é preparado com o mesmo guia e da mesma
forma, porém com angulacdo de 55° posicionado sobre o foot-
print tibial do LCA.
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Figura 1 - (A) Enxertos tensionados do semitendineo triplo
e gracil duplo entrelacados prontos para a sutura.

(B) Enxerto triplo de semitendineo (LCA) e duplo do gracil
(LAL) iniciada a sutura. (C) Enxertos finalizados.

Apbs realizar os tineis para o LCA, um fio de sutura é pas-
sado pelo fio guia de quatro furos outside-in pelo tinel femoral
e “pescado” com uma pinca grasper pelo tunel tibial, de
maneira que transpasse a articulacdo e permita a passagem do
enxerto.

Os fios de sutura na borda livre do enxerto ST (LCA) sdo
lacados no fio transarticular e o enxerto é passado outside-in do
fémur para a tibia permanecendo em sua posicdo final (fig. 2A e
B). Um parafuso de interferéncia do mesmo didmetro do tinel
perfurado com comprimento de 30 a 35 mm é usado para a
fixacao femoral.

Para a reconstrucao e fixacdo na tibia do LAL, o guia do LCA
é posicionado com 65° de modo que o fio guia entre a 2 cm
distal ao tunel tibial do LCA pela mesma incisdo da retirada
do enxerto. Sua saida serd a meio caminho entre o tubérculo
de Gerdy e a cabeca da fibula 9 a 13 mm distal da superficie do
planalto tibial lateral, ponto anatémico do LAL.°

Uma incisdo anterolateral na pele e no trato iliotibial de
3cm é feita (fig. 2 C) e o tunel é perfurado com broca de 6 mm.

Uma pinga longa é introduzida pela incisao tibial do LAL
profundamente ao trato iliotibial até sua saida na incisdo do
tinel femoral do LCA, onde o GR é tracionado e passado pelo
tunel tibial do LAL (fig. 2D-F).

O joelho é entdo colocado em 30° de flexdo para fixacdo do
LCA e entre 45° a 60° para a fixacdo do LAL®> com parafusos
de interferéncia 2 mm maiores do que os tineis perfurados,

ambos pela mesma incisdo anteromedial. Podem-se amarrar
as suturas dos enxertos para reforcar a fixacdo.

A reabilitacdo pds-operatéria segue o protocolo para
reconstrucdo de LCA com flexores.

Discussao

A “redescoberta” do LAL e sua atribuicdo na estabili-
dade anterolateral do joelho apresenta-se atualmente como
uma das vertentes nas reconstrugdes ligamentares do
joelho.'?

O fato do LAL ndo ser uma estrutura descrita rotinei-
ramente nos laudos de RM e os critérios de reconstrucédo
ndo estarem totalmente estabelecidos contribuem para
que a lesdo desta estrutura seja subdiagnosticada e
tratada.

Helito et al.'? mostraram que a visualizagdo inteira do LAL
em RM de joelho é identificada em 71,7% dos exames. Ja Taneja
et al.’® identificaram a visualizacdo completa do LAL em 11%.

Spencer et al.* demonstram que a instabilidade anterolate-
raldojoelho é acentuada quando o LCA e o LAL estdo rompidos
e realca a manobra de pivot-shift.

Sonnery-Cottet et al.’* indicam a reconstrugéo do LAL nas
fraturas de Segond, lesdes cronicas do LCA, no pivot-shift grau
I1I, na participacao esportiva em alto nivel ou que exija rotacdo
sobre o joelho e a presenca do sinal do entalhe lateral femoral 8
No entanto, ndo consideramos a cronicidade e as atividades
dos pacientes critérios para reconstrucio empirica do LAL se
nao for constatada durante o exame fisico evidéncia de sua
insuficiéncia.

Emrelacdo as técnicas descritas para a reconstru¢do do LCA
e LAL, Helito et al.’ usam enxerto quadruplo de LCA (triplo de
ST e um de GR) e um de gracil para o LAL e a fixacdo tibial é
feita com &ncora. Sonnery-Cottet et al.’! usam enxerto triplo
de ST para o LCA e duplo de GR para o LAL, com dois furos
tibiais para reconstruir o LAL.

Na técnica apresentada o formato de preparo dos enxertos
cria um efeito suspensério semelhante ao endobutton somado
a sutura para reforcar essa unido, que ainda contara com um
parafuso de interferéncia. Isso permite que a extremidade
do enxerto ST possa permanecer préximo do ponto articular
femoral e ndo precise ocupar todo o tunel, que estard preen-
chido pelo gréacil, situacdo facilitadora em caso de enxertos
curtos.

Estudos apresentam divergéncias para o ponto anatéomico
femoral do LAL. Caterine et al.'® e Kennedy et al.” demons-
traram que sua origem estd em média a 3mm posterior e
proximal ao epicondilo lateral, ponto esse que usamos em
nossa técnica. J4 Helito et al.'> e Claes et al.’® demonstra-
ram que a origem do LAL se apresenta anterior ao epicdndilo
lateral.

A opcdo adotada na técnica apresentada é fazer o tunel
posterossuperior ao epicondilo lateral para o trajeto diminuir
o turn killer intra-articular do enxerto, além de esse ponto se
aproximar da isometria descrita por Kurosawa et al.”” para a
tenodese lateral do trato iliotibial.

Para o ponto tibial, Sonnery-Cottet et al.'* usam dois tineis,
0 que ndo nos parece necessario, ja que o a insercdo anatémica
do LAL apresenta aproximadamente 9 mm na tibia.’



REV BRAS ORTOP.20716;51(4):466-470 469

Figura 2 - (A) Enxerto do LCA posicionado nos tineis femoral e tibial e o enxerto do LAL fixado no ponto femoral;

(B) visualizacdo do comprimento do enxerto duplo do GR para reconstruir o LAL no trajeto que deve percorrer;

(C) posicionamento do guia de LCA com 65° e ponto de saida a meio caminho entre o tubérculo de Gerdy e a cabega da fibula
a 13 mm da superficie do planalto tibial lateral; (D) passagem de pinga profunda ao trato iliotibial para conduzir o enxerto do
LAL para o tinel tibial; (E) passagem do enxerto LAL pelo tiinel tibial; (F) enxertos do LCA e LAL prontos para serem fixados

com parafuso de interferéncia pela mesma inciséo.

Concluséao

A reconstrugdo do LCA e LAL pela técnica descrita para a ins-
tabilidade anterolateral do joelho apresentou-se satisfatéria
para nossos pacientes, além de usar materiais, guias e inci-
soes habituais para qualquer cirurgido, o que facilita a sua
reproducao.

Conflitos de interesse

Os autores declaram nao haver conflitos de interesse.

REFERE NCIAS

1. Mariscalco MW, Flanigan DC, Mitchell J, Pedroza AD, Jones
MH, Andrish JT, et al. The influence of hamstring autograft
size on patient-reported outcomes and risk of revision after
anterior cruciate ligament reconstruction: a Multicenter
Orthopaedic Outcomes Network (MOON) Cohort Study.
Arthroscopy. 2013;29(12):1948-53.

2. Prodromos CC, Joyce BT, Shi K, Keller BL. A meta-analysis of
stability after anterior cruciate ligament reconstruction as a
function of hamstring versus patellar tendon graft
and fixation type. Arthroscopy. 2005;21(10):1202.

10.

. Mohtadi NG, Chan DS, Dainty KN, Whelan DB. Patellar tendon

versus hamstring tendon autograft for anterior cruciate
ligament rupture in adults. Cochrane Database Syst Rev.
2011;(9):CD005960.

. Spencer L, Burkhart TA, Tran MN, Rezansoff AJ, Deo S,

Caterine S, et al. Biomechanical analysis of simulated clinical
testing and reconstruction of the anterolateral ligament of
the knee. Am J Sports Med. 2015;43(9):2189-97.

. Parsons EM, Gee AO, Spiekerman C, Cavanagh PR. The

biomechanical function of the anterolateral ligament of the
knee. Am ] Sports Med. 2015;43(3):669-74.

. Irrgang JJ, Ho H, Harner CD, Fu FH. Use of the International

Knee Documentation Committee guidelines to assess
outcome following anterior cruciate ligament reconstruction.
Knee Surg Sports Traumatol Arthrosc. 1998;6(2):107-14.

. Claes S, Luyckx T, Vereecke E, Bellemans J. The Segond

fracture: a bony injury of the anterolateral ligament of the
knee. Arthroscopy. 2014;30(11):1475-82.

. Herbst E, Hoser C, Tecklenburg K, Filipovic M, Dallapozza C,

Herbort M, et al. The lateral femoral notch sign following ACL
injury: frequency, morphology, and relation to meniscal
injury and sports activity. Knee Surg Sports Traumatol
Arthrosc. 2015;23(8):2250-8.

. Kennedy MI, Claes S, Fuso FA, Williams BT, Goldsmith MT,

Turnbull TL, et al. The anterolateral ligament: an anatomic,
radiographic, and biomechanical analysis. Am ] Sports Med.
2015;43(7):1606-15.

Caterine S, Litchfield R, Johnson M, Chronik B, Getgood A. A
cadaveric study of the anterolateral ligament: re-introducing


http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0090
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0095
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0100
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0105
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0110
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0115
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0120
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0125
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0130
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135

470

REV BRAS ORTOP.2016;51(4):466-470

11.

12.

13.

14.

the lateral capsular ligament. Knee Surg Sports Traumatol
Arthrosc. 2015;23(11):3186-95.

Sonnery-Cottet B, Thaunat M, Freychet B, Pupim BH, Murphy
CG, Claes S. Outcome of a combined anterior cruciate
ligament and anterolateral ligament reconstruction
technique with a minimum 2-year follow-up. Am J Sports
Med. 2015;43(7):1598-605.

Helito CP, Helito PV, Costa HP, Bordalo-Rodrigues M, Pecora JR,
Camanho GL, et al. MRI evaluation of the anterolateral
ligament of the knee: assessment in routine 1.5-T scans.
Skeletal Radiol. 2014;43(10):1421-7.

Taneja AK, Miranda FC, Braga CA, Gill CM, Hartmann LG,
Santos DC, et al. MRI features of the anterolateral ligament
of the knee. Skeletal Radiol. 2015;44(3):411.

Helito CP, Bonadio MB, Gobbi RG, da Mota E, Albuquerque RF,
Pécora JR, et al. Combined intra- and extra-articular

15.

16.

17.

reconstruction of the anterior cruciate ligament: the
reconstruction of the knee anterolateral ligament. Arthrosc
Tech. 2015;4(3):e239-44.

Helito CP, Demange MK, Bonadio MB, Tirico LE, Gobbi RG,
Pecora JR, et al. Radiographic landmarks for locating the
femoral origin and tibial insertion of the knee anterolateral
ligament. Am ] Sports Med. 2014;42(10):2356-62.

Claes S, Vereecke E, Maes M, Victor J, Verdonk P, Bellemans J.
Anatomy of the anterolateral ligament of the knee. ] Anat.
2013 Oct;223(4):321-8.

Kurosawa H, Yasuda K, Yamakoshi K, Kamiya A, Kaneda K.
An experimental evaluation of isometric placement for
extraarticular reconstructions of the anterior cruciate
ligament. Am ] Sports Med. 1991;19(4):384-8.


http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0135
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0140
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0145
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0150
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0155
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0160
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0165
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170
http://refhub.elsevier.com/S0102-3616(15)00179-4/sbref0170

	Reconstrução dos ligamentos cruzado anterior e anterolateral com flexores enlaçados – Nota técnica
	Introdução
	Técnica cirúrgica
	Indicação
	Preparação do enxerto e técnica cirúrgica

	Discussão
	Conclusão
	Conflitos de interesse

	Referências

