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�Background

Despite the overall success of anterior cruciate 
ligament reconstruction (ACLR procedure), fail-
ure rates remain unacceptably high, ranging from 
1.1% to 14% [1, 2]. Despite anatomically placed 
femoral and tibial tunnels, 1.7–7.7% of ACLR 
patients are thought to fail due to persistent rota-
tional instability [3–5]. This realization has led 
researchers to investigate the concept of tibial 
rotational restraint. This includes the role of the 
anterior cruciate ligament (ACL) as a primary 
stabilizer, along with several lateral-sided struc-
tures serving as important secondary stabilizers. 
Interest in anterolateral rotatory instability 
(ALRI) of the knee, and its possible responsibil-
ity for a percentage of ACLR failures, was further 
heighted following renewed interest in the antero-
lateral complex (ALC), specifically the anterolat-
eral ligament (ALL).

Credit for the original description of what is 
now considered the ALL (or mid-third capsular 
ligament) belongs to Paul Segond, who described 
an avulsion fracture (now referred to as the epon-
ymous “Segond fracture”) in 1879, along the 
anterolateral aspect of the tibia [6]. At the loca-
tion of the fracture, Segond noted the presence of 

a “pearly, resistant, fibrous band, which invari-
ably showed extreme amounts of tension during 
forced internal rotation.” [6] Despite occasional 
reference to an anterolaterally based knee struc-
ture in the literature, it was not named until 2012, 
when Vincent et  al. published their anatomical 
work [7]. However, popularization of the ALL, 
and the ensuing controversy around its function 
(and existence), is often credited to Claes et al., 
who published a detailed anatomic description of 
the ALL based on a series of cadaveric dissec-
tions [8]. Since the “rediscovery” of the ALL, 
significant research has been done on its struc-
ture, function, and potential implications in 
ALRI, specifically as it relates to ACLR and 
ACLR failures. This chapter will provide an 
overview of the ALL, including relevant anatomy 
and the biomechanical role of the ALL with knee 
stabilization. It will explore the indications for 
ALL reconstruction (ALLR), particularly in the 
setting of revision ACLR, delineate patient work-
up after an ACL injury (or failed ACLR), and 
describe the surgical techniques for ALLR. It will 
conclude with outcomes and complications of the 
procedure based on a review of the literature and 
considerations regarding the choice between an 
ALLR and a lateral extra-articular tenodesis 
(LET).
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�Anatomy of the Anterolateral 
Complex of the Knee

The complexity of the lateral knee anatomy has 
led to challenges regarding structure identifica-
tion and contributed to the opacity around the 
ALL definition. While controversy still exists, a 
layer-by-layer approach to the anterolateral knee 
helps elucidate its various components, including 
the layers of the iliotibial band (ITB), ALL, and 
anterolateral joint capsule (Table 16.1).

�Iliotibial Band

The ITB is a thickening of deep fascia, intimately 
connected with the tensor fasciae latae (TFL) 
anteriorly and the gluteus maximus posteriorly. It 
extends laterally from the iliac crest to the tibia, 
with connecting fibers to the femur along its 
length. The complexity of lateral and anterolat-
eral knee anatomy is due to the various layers of 
the ITB and the difficulty in distinguishing them 
from the other components of the ALC. The ITB 
is made up of the superficial ITB (sITB), Kaplan 
fibers, and deep ITB (dITB).

The sITB originates, as a continuation of the 
TFL and gluteus maximum fascia, with attach-
ments along the intermuscular septum to the linea 
aspera of the femur [9]. It then courses laterally, 
with its posterior fibers reinforcing the fascia of 
the anterior aspect of the biceps femoris. 
Anteriorly, it curves obliquely, merging with the 
fascia of the vastus lateralis and partially insert-

ing on the lateral aspect of the patella (forming 
the iliopatellar band fascia) [10]. Distally, the 
sITB inserts at Gerdy’s tubercle. An important 
component of the sITB is the Kaplan fibers, 
which connect the sITB to the distal femoral 
metaphysis, primarily at the lateral femoral 
supraepicondylar region [11].

The dITB originates posterior and medial 
(deep) to the sITB along the lateral intermuscular 
septum, in the vicinity of the Kaplan fibers. It 
courses anteromedially, to combine with the 
sITB distal to the lateral femoral epicondyle, ulti-
mately inserting on Gerdy’s tubercle [12].

The capsulo-osseous layer represents the 
deepest (most medial) layer of the ITB. The layer 
begins proximally, contiguous with the fascia of 
the plantaris and lateral gastrocnemius muscle. It 
then runs deep and slightly posterior to the sITB, 
merging with the sITB and dITB distally at 
Gerdy’s tubercle [12].

�Anterolateral Ligament 
and Anterolateral Capsule

The anterolateral joint capsule, as described by 
Hughston et al., consists of a superficial and deep 
layer, relative to the LCL [13]. The layers then 
become confluent anterior to the LCL [14]. The 
capsule can be further separated into anterior, 
mid-third, and posterior divisions [13]. The ante-
rior division is thin without a femoral attachment; 
however, the mid-third capsular ligament is a dis-
crete thickening, with femoral and tibial bony 
insertions which inserts on the lateral meniscus, 
forming the meniscofemoral and meniscotibial 
ligaments (coronary ligament) [15].

While it remains controversial, the evidence is 
increasingly pointing to the ALL as a ligamentous 
structure, separate from the capsule. However, 
there is considerable definitional overlap with the 
mid-third capsular ligament, and the question of 
whether these are two distinct structures is not yet 
settled [16]. A cadaver study by Getgood et  al. 
found the ALL to be a ligamentous structure, 
which differentiated it from the surrounding cap-
sule. It was not however a completely discrete 
ligament, the way the LCL is, however [17]. 

Table 16.1  Components of the anterolateral complex of 
the knee

Iliotibial band (from 
superficial to deep)

sITB
Kaplan fibers
dITB
Capsulo-osseous layer

Anterolateral ligament
Anterolateral capsule 
(from posterior to 
anterior)

Posterior division 
(superficial and deep layers 
to the LCL)
Mid-third capsular ligament
Anterior division

sITB superficial iliotibial band, dITB deep ITB, LCL lat-
eral collateral ligament
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Accordingly, the ALL has been likened to the gle-
nohumeral ligaments (GHL) of the shoulder, 
which are dense condensations of tissue that pro-
vide static joint stability [16]. Recent evidence 
points toward the ALL as a ligamentous structure 
embedded within capsular tissue.

The femoral origin of the ALL is perhaps one 
of the most controversial elements to its anatomic 
characterization and is largely responsible for the 
continued difficulty in identification. The femo-
ral origin has variably been reported as anterior, 
directly on, or posterior and proximal to the lat-
eral epicondyle [8, 18, 19]. Further research has 
led to an increasing consensus that the ligament 
primarily originates proximal and posterior to the 
lateral epicondyle [20]. This origin is most com-
monly posterior and proximal to the attachment 
site of the LCL, but it has been reported as ante-
rior and distal as well [21, 22]. It has a large, fan-
like footprint, which overlaps the LCL origin 
[23]. The diameter of the ALL at its femoral ori-
gin is 11.85 mm [24].

The ALL then courses anterolaterally, insert-
ing onto the lateral aspect of the lateral meniscus, 
roughly at the junction between the anterior horn 
and body, for a mean length of 5.6 mm [25]. It 
then inserts onto the tibia, roughly halfway 
between Gerdy’s tubercle and the anterior aspect 
of the fibular head [8]. Cadaver dissection has 
found the insertion to be on average 24.7  mm 
posterior to the center of Gerdy’s tubercle and 
26.1  mm anterior to the anterior margin of the 
fibular head [22]. The ALL has been found to be 
on average 9.5  mm distal to the joint line, just 
proximal to the insertion of the biceps femoris 
(Fig. 16.1) [22, 23].

The ALL is not an isometric ligament. Rather, 
the length of the ALL increases with progressive 
knee flexion (loosens). The critical clinical 
importance of this fact will be explored further in 
the surgical technique section [26].

�Primary and Secondary Stabilizers 
of Tibial Rotation

To understand the concept behind, and potential 
value of, ALLR, one must understand the syner-
gistic relationship between the ACL and the ALC 

in limiting tibial rotation (Table 16.2). Butler and 
colleagues introduced the concept of primary 
restraint. [27] This was further expanded upon, 
and defined by Andersen as, “cutting a primary 
restraint results in an increase in joint motion, 
whereas cutting a secondary restraint will result 
in an increase of joint motion only in the absence 
of the primary restraint.” [28] This notion was 
used as the foundation for future biomechanical 
studies establishing the significance of various 
restraints [29].

�The Primary Stabilizer of Tibial 
Rotation: The Anterior Cruciate 
Ligament

Based on available evidence, the ACL is likely 
the primary stabilizer of tibial IR, particularly 
from 0 to 30° of flexion [30]. At flexion >30°, the 
ACL is likely still the chief restraint to tibial IR, 

Fig. 16.1  Dissection of right knee cadaveric specimen. 
The anterolateral ligament (ALL) can be appreciated 
coursing from its origin just proximal and posterior to the 
LCL origin to its insertion between Gerdy’s tubercle and 
the fibular head. LCL lateral collateral ligament, ITB ilio-
tibial band
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but with a greater relative contribution of the 
ALC [ 28, 32–35]. Biomechanically, the mecha-
nism of restraint is believed to be winding of the 
ACL bundles around each other, which loads the 
ligament and resists rotation [31].

�Secondary Stabilizers

Evidence suggests the ITB is an important sec-
ondary stabilizer of tibial IR, particularly at 
higher flexion angles [36, 37]. The sITB provides 
more restraint at higher flexion angles, while the 
dITB contributes more at lower flexion angles [9, 
36, 37]. Because the ACL resists more IR at 
extension, the dITB likely works synergistically 
at low flexion angles to assist the ACL in resisting 
rotation here. As the knee flexes, the sITB then 
takes over to help resist IR.

Additionally, based on available evidence, the 
ALL is an important secondary stabilizer to tibial 
IR, particularly in the ACL-deficient state. The 
ITB however may be a more important contribu-
tor to IR restraint, specifically the dITB at lower 
flexion angles and the sITB at higher flexion 
angles [1, 29, 35, 38–44]. Given this role, one can 
see how neglecting an anterolateral injury in the 
setting of an ACL rupture (or ACLR failure) 
could lead to increased stress on the ACL graft 
and risk future failure. With this in mind, the con-
cept of a lateral-based extra-articular procedure 
has been re-visited, in the forms of lateral extra-

articular tenodesis (LET) and anterolateral liga-
ment reconstruction (ALLR).

Unlike the medial meniscus, the lateral menis-
cus does not contribute much to resisting anterior 
translation. It has, however, been shown both bio-
mechanically and clinically to be an important 
secondary stabilizer to tibial IR [44–47].

�Biomechanical Evidence 
for Anterolateral Ligament 
Reconstruction

�Efficacy of ALLR

As ALLR is still a relatively nascent procedure, 
the majority of evidence of its efficacy comes 
from biomechanical studies [48–52]. These stud-
ies have attempted to evaluate the value of recon-
structing the ALLR in the setting of ACLR, 
particularly in terms of additional IR restraint 
provided (Table 16.3). Conversely, several stud-
ies have demonstrated conflicting results, casting 
doubt on the ability of the ALLR to provide clini-
cally relevant rotational stability. These studies 
reported not only a lack of overconstraint but a 
lack of restoration of native stability [1, 51–53].

Due to the mixed biomechanical and clinical 
results, a consensus has not yet been reached on 
the efficacy of ALLR. While most studies find it 
improves rotational stability, enough well-
performed biomechanical investigations have 
found evidence to the contrary. Additionally, 
some studies that did find improved rotational 
control with ALLR found it only did so by simul-
taneously overconstraining the knee. For these 
reasons, a systematic review of biomechanical 
outcomes by DePhillipo et  al. concluded only, 
“there is inconsistency in terms of femoral origin, 
flexion angle, and performance of the ALLR at 
this time” [53].

�Femoral Origin for Graft Placement

There is also lack of agreement regarding the 
native femoral origin of the ALL, and it is of little 
surprise that various locations have been used for 

Table 16.2  Stabilizers of tibial rotation

Structure

Function (knee position 
with highest contribution 
to stability)

Primary 
stabilizer

ACL Low flexion angles (at or 
near full extension)

Secondary 
stabilizers

ITB—
superficial

High flexion angles

ITB—deep Low flexion angles (at or 
near full extension)

ALL Likely contributes at all 
flexion angles (more 
evidence required)

Lateral 
meniscus

Contributes at all flexion 
angles

ACL anterior cruciate ligament, ALL anterolateral ligament
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reconstruction. The 2017 DePhillipo systematic 
review found the six surgical technique articles, 
with the most common femoral origin site 
described being the posterior and proximal to the 
LCL origin (four studies) [54–57] vs two studies 
using a point anterior and distal to the LCL origin 
[58, 59].

Interestingly, in a comparison of four biome-
chanical outcome studies, two studies that did not 
find any overconstraint used the anterior and dis-
tal origin point [1, 48, 60, 61]. These studies also 
did not find any significant increase in rotational 
control following ALLR when using the anterior 
and distal origin. This indicates the anterior point 

likely cannot adequately tension the graft. 
Additional studies have demonstrated length 
changes depending on the location of the femoral 
origin, and accordingly the posterior and proxi-
mal position has been recommended for recon-
struction [18, 26, 35, 62].

�Knee Flexion Angle

The degree the graft is fixed may potentially 
affect efficacy of the procedure and may alter 
knee kinematics. While the optimal fixation angle 
has not yet been determined, the available evi-

Table 16.3  Selected biomechanical studies investigating the ALL

Key biomechanical studies evaluating the efficacy of ALLR in restoring knee kinematics
Reference information
Lead author, 
year Journal Methods Main findings
Nitri, 2016 AJSM 6DFR, 10 cadaveric knees Isolated ACLR did not restore 

rotation
Compared various states of ACL deficiency and 
anterolateral deficiency, with ACLR and ALLR 
permutations

ACLR with ALLR SS↑ IR stability

Geeslin, 
2018

AJSM 6DFR, 10 cadaveric knees Isolated ACLR did not restore 
rotation

Compared ALLR to LET in various states of ACL 
and anterolateral deficiency

Both ALLR and LET with ACLR 
resulted in overconstraint

Fixed LET or ALLR at either 30° or 70° kf and at 
20 or 40 N of tension

KF and graft tension did not 
significantly affect results

Jette, 2019 Knee 6DFR, 12 cadaveric knees Both ALLR and LET with ACLR 
resulted in overconstraint

Compared ALLR to LET in various states of ACL 
and anterolateral deficiency

KF and graft tension did not 
significantly affect results

Spencer, 
2015

AJSM 6DFR, 12 cadaveric knees ALLR did not reduce IR after ACLR

Compared ALLR to LET in various states of ACL 
and anterolateral deficiency

LET did restore IR stability after 
ACLR
Neither procedure resulted in 
overconstraint

Noyes, 2017 AJSM 6DFR, 7 cadaveric knees ALLR produced only corrected 
modest amount of IR and only at high 
kf

Evaluated effects of concomitant ALLR with ACLR 
in various states of ACL and anterolateral deficiency

ALLR only reduced a very modest 
amount of ACL graft stress

Inderhaug, 
2017

AJSM 6DFR, 12 cadaveric knees Isolated ACLR did not restore 
rotational stability

Compared ALLR to LET in various states of ACL 
and anterolateral deficiency

ALLR did not provide sufficient 
additional stability
LET at 20 N of tensioning restored 
kinematics

6DFR 6-degree-of-freedom robot, SS statistically significant, LET lateral extra-articular tenodesis, kf knee flexion
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dence supports placing the graft with the knee in 
full extension (and with the leg in neutral rotation) 
is likely safest to prevent overconstraint [20, 49, 
52, 60].

�Graft Isometry

Unlike other ligament reconstructions where 
isometry is key, the ALL has surprisingly been 
found to be non-isometric [26, 63]. This lack of 
isometry should be considered when fixing the 
graft. During assessment, the graft should be 
slightly looser in flexion (because the native liga-
ment lengthens with flexion) than in extension. If 
the graft is found to tighten with knee flexion, the 
femoral origin point may be too anterior and dis-
tal and should be revised to a more posterior and 
proximal position [20].

�Indications

Currently, there are no consensus indications for 
an ALLR in the setting of an ACLR. This is due 
to the lack of sufficient clinical data with ade-
quate follow-up to determine which patients ben-
efit most from the procedure. However, several 
indications have been cited in the literature 
repeatedly (Table 16.4).

Irrespective of if it is a revision scenario or 
not, indications revolve around signs, or likely 
signs, of concomitant anterolateral injury. For 
instance, a high-grade pivot shift (defined as 

either 2+ or more typically 3+) is an indication 
for many authors. The higher pivot shift, how-
ever, is taken as a sign that secondary stabilizers 
must also be injured [16, 20, 56, 64]. Similarly, 
chronic ACL injuries are often considered for 
ALLR, as the chronic instability may weaken 
the secondary stabilizers [65]. Evidence of a 
Segond fracture has also been cited as an indica-
tion, as it represents an avulsion of the ALL off 
of the tibia [19, 56, 66]. Other indications 
include patients returning to high-risk sports/
activities, such as those that require pivoting 
[20, 64], though this is more controversial than 
the other indications listed. Generalized hyper-
laxity (measured via Beighton score) [67] 
should also prompt consideration for an ALLR, 
as the excess stress may be put on the graft with-
out additional constraint [64].

Another factor is if a soft tissue or allograft is 
selected for ACLR, one may give stronger con-
sideration to performing the ALLR, as it may 
help protect a potentially weaker graft (one that 
takes longer to incorporate without bone-to-bone 
healing). This concept is anecdotal and has not 
yet been studied.

In the revision setting, specifically, there is 
debate if ALLR should be performed in all (or the 
majority) of cases or if it should be more limited 
to revisions that also meet the above criteria [16]. 
More evidence is required before any definitive 
statements can be made.

Contraindications are also still being devel-
oped, but strong consideration should be given to 
not performing an ALLR in the setting of a multi-
ligament knee injury (MLKI). Given that stiff-
ness is one of the most common complications 
following MLKI reconstruction, avoiding a pro-
cedure that may lead to overconstraint is advis-
able. Additionally, by addressing the additional 
soft tissue injuries, the instability may improve, 
obviating the potential benefits of ALLR [64].

The authors’ definitive indications for ALLR 
in the setting of a revision ACL include a pivot 
shift of 2+ or greater, knee recurvatum (as an 
indication of laxity), and a young or contact/col-
lision athlete. Other causes of laxity or risk 
increases, addressed at length in other chapters, 
must be remedied as well.

Table 16.4  Indications and contraindications for ALLR

Potential indications and contraindications for 
concomitant ALLR
Indications High-grade pivot shift (2+ or 

3+) [16, 20, 56, 64]
Chronic ACL injuries [ 65]
Evidence of Segond fracture 
[19, 56, 66]
Participates in high-risk 
sports [20, 64]
Generalized hyperlaxity [64]
Revision ACLR [16]

Contraindications Multi-ligament knee injuries 
[64]

D. J. Kaplan et al.
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�Patient Evaluation

�History

While a thorough history should be taken for all 
patients, when considering an ALLR, several 
key points should be highlighted. In regard to the 
ALLR, the physician should try to understand 
the status of the patient’s anterolateral knee 
structures, their prior injury history, and their 
future risk.

The patient’s injury history/mechanism of 
injury should be determined, with specific atten-
tion to rotational mechanisms. Surgical history is 
crucial, including prior ACLR in the setting of 
revisions, including type of grafts, implants, and 
if any concomitant procedures were performed. 
The patient should be asked if their knee ever felt 
stable after the primary surgery. In regard to risk, 
the patient’s functional goals, occupation, and 
athletic activity should all be discussed.

�Physical Examination

A standard knee and ligamentous exam should be 
performed. Special attention should again be paid 
to the lateral side of the knee for any signs of spe-
cific instability. For instance, a varus gait or thrust 
may suggest damaged lateral structures [64]. 
Additionally, a good pivot shift exam is essential 
to help assess the amount of ALRI; however, this 
typically can only be done properly under anes-
thesia. Finally, inspection of any prior surgical 
incisions should be performed to assist in surgi-
cal planning.

General laxity testing should also be per-
formed to calculate a Beighton score [67]. 
Patients with elevated Beighton scores should be 
considered for ALLR.

�Imaging

Standard knee x-rays, including an AP, lateral, 
and merchant/sunrise view, should be obtained at 
baseline. In addition to identifying other injuries, 
their main use in consideration of ALLR is to 

look for the presence of a Segond fracture, indi-
cating ALL injury [66]. These can also be used to 
assess prior tunnel placement, tunnel lysis, and 
prior fixation. Additional radiographs that should 
be considered are full-length AP and lateral 
weightbearing views to assess for coronal and 
sagittal alignment. CT scans should also be 
obtained in the revision setting to help further 
assess tunnel lysis and tunnel placement.

Because the ALL is extra-articular, ultrasonog-
raphy (US) has been proposed as a means of radio-
logic assessment. Furthermore, because the 
ligament tightens with internal rotation, it has been 
posited that ultrasound, which can dynamically 
evaluate structures, could be a cheap, effective 
method of investigating potential ALL injury [68]. 
Based on these principles, Cavaignac et  al. con-
ducted an anatomic dissection study using US to 
identify the ALL and reported excellent interrater 
agreement (Cohen k, 0.88–0.94) [68]. However, a 
similar study by Capo et al. using ten fresh-frozen 
cadaver knees and ultrasound found ultrasound to 
be unreliable and did not recommend its use in 
routine work-up [69]. More evidence is required at 
this time before a determination on the utility of 
US can be made in diagnosing ALL injuries.

Studies attempting to use magnetic resonance 
imaging (MRI) to identify the ALL, and charac-
terize ALL injuries, have also had mixed results. 
Visualization of the ALL has been reported at 
11–100% of patients (including cadaveric speci-
mens) [70–72]. Though some studies have 
reported high sensitivities, most appear to be 
plagued by low-to-moderate inter- and intra-
rater reliability. For example, a study by Hartigan 
et al. had two musculoskeletal radiologists visu-
alize the ALL on 1.5 Tesla MRI [71]. Though 
they reported the ability to visualize the ALL in 
100% of cases, one reviewer found the ALL to 
be torn in 26% of patients, while the second 
reviewer found the ALL to be torn in 62% of 
patients [71]. Of note, the tibia portion has been 
demonstrated to be the most consistently seen on 
MRI [73]. MRI appears to be a more promising 
modality to detect ALL injuries, though more 
research needs to be done, and protocols need to 
be improved before it can be considered a reli-
able diagnostic tool.

16  The Role of Anterolateral Procedures: Anterolateral Ligament Reconstruction
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�Surgical Procedure

�Native ALL Properties and Graft 
Selection

An ideal graft choice would be one that mimics 
the properties of the native ALL as close as pos-
sible. Several studies have attempted to quantify 
the biomechanical properties of the native ALL 
in order to improve graft selection. The range of 
load to failure in these studies was 49.9 ± 14.62 N 
to 319.7 ±212.6 N [74, 75]. The stiffness of the 
ALL has been reported at 21 ± 8.2 N to 41.9 ± 
25.7  N [74, 76, 77]. A consensus group led by 
Sonnery-Cottet reported the mean load to failure 
as “around 180 N” and the mean stiffness as 31 
N/mm [20].

�ALL Compared to Possible Grafts

The ideal graft for ALLR has not yet been deter-
mined, and multiple options have been described 
[23]. Kernkamp et  al. described using an ITB-
based autograft, by taking a free slip of it (similar 
to performing a modified Lemaire, but transect-
ing the distal attachment) [78]. The most com-
mon graft used in the literature for both 
biomechanical and surgical technique articles is a 
gracilis graft (auto- and allo- have both been 
described) [54, 56, 59]. A tripled semitendinosus 
graft and a doubled gracilis graft have also been 
described [54]. Sonnery-Cottet et  al. prefer a 
doubled gracilis tendon, but place the graft in an 
inverted Y formation, with two distal points of 
fixation in the tibia [55].

While limited comparative data exists regard-
ing graft properties, Wytrykowski et al. compared 
the properties of the native ALL with the ITB and 
a two-strand gracilis graft in cadaveric knees. 
They found the ITB to be most consistent with 
the ALL; however, they did not describe their tis-
sue harvesting technique [77]. Additionally, there 
is some concern about harvesting a portion of the 
ITB, which is a known important stabilizer to 
tibial IR, to reconstruct the ALL, with the goal of 
improving tibial IR (i.e., “robbing Peter to pay 
Paul”) [79–81].

�Set-Up

The patient is placed supine on a standard operat-
ing table with the feet brought to the edge of the 
bed. An exam under anesthesia is performed to 
confirm the diagnosis. If work-up regarding 
ALRI was equivocal up to this point, results of 
the pivot test exam can be critical in deciding 
whether an ALLR is indicated. Following the 
exam, a tourniquet is placed high on the thigh. 
The operative extremity is secured with a leg 
holder, high on the thigh to allow lateral access. 
We prefer to use a semitendinosus allograft for 
reconstruction, sized to a 4 mm diameter. This is 
prepared on the back table while the diagnostic 
arthroscopy is performed.

�Procedure

After the leg is prepped and draped in the usual 
sterile fashion, landmarks are marked on the skin. 
These include the lateral epicondyle, Gerdy’s 
tubercle, and the fibular head (Fig.  16.2). The 
ACLR (or revision ACLR) is performed first, up 
to and including drilling the femoral and tibial 
tunnels. Pearls and pitfalls of dealing with spe-
cific challenges of revision ACLR cases, such as 

Fig. 16.2  Relevant landmarks for the anterolateral liga-
ment reconstruction. The femora origin will be proximal 
and posterior to the lateral femoral epicondyle. The tibial 
insertion will be approximately halfway between Gerdy’s 
tubercle and the fibular head

D. J. Kaplan et al.
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graft choice, osteolysis, tunnel widening, prior 
implant management, etc., are covered in prior 
chapters. The reason for drilling the femoral and 
tibial tunnels (particularly the femoral tunnel) 
prior to the ALLR is so that the femoral tunnel 
can be visualized through the anteromedial portal 
while drilling the ALL femoral tunnel. However, 
with experience and proper positioning and 
angling of the tunnels, this becomes less 
necessary.

Following ACL tunnel drilling, we proceed 
with the ALLR portion. A guide pin is placed at 
the femoral origin of the ALL, approximately 
8 mm proximal and 4 mm posterior to the lateral 
epicondyle at the anatomic origin (Fig.  16.3). 
This guide pin is directed anteriorly and proxi-
mally to avoid tunnel convergence as well as the 
femoral trochlea. As the guide pin is placed, the 
femoral tunnel for the ACLR is visualized for any 
signs of convergence from the guide pin. If the 
pin is seen on arthroscopy, it is redirected. Once 
the guide pin is in place, the ACL graft is fixed in 
the femoral tunnel.

For the ALLR, one can do either a percutane-
ous approach, which has the advantages of 
improved cosmesis and limited soft tissue insult, 
or a larger incision from just proximal to the lat-
eral epicondyle to about the midway point 
between Gerdy’s and the anterior fibular head 
(tibial insertion point). The advantage of doing 

the open rather than percutaneous approach is it 
permits landmark palpation and direct visualiza-
tion, which may better assist tunnel placement. 
The percutaneous approach is described below.

Following ACL graft fixation, a small skin 
incision is made over the femoral guidewire, and 
blunt dissection is carried out until bone is 
reached. A 4.5 mm reamer is used to overdrill the 
guidewire to a depth of 25 mm in preparation for 
a SwiveLock anchor (Arthrex, Naples, FL). The 
one limb of the graft is then inserted into the fem-
oral tunnel and secured with the screw (Fig. 16.4). 
Sutures are tied over the anchor as back-up fixa-
tion. Other options for femoral fixation may 
include interference screw fixation [57].

Landmarks, including Gerdy’s tubercle and 
the fibular head, are again palpated for confirma-

a b

Fig. 16.3  (a, b) Femoral tunnel guidewire placement. This is followed by reaming to a depth of 25 mm

Fig. 16.4  Fixation of the femoral side of the ALLR graft
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tion. A skin incision midway between the two 
and about 1  cm distal to the joint line is then 
made. Blunt dissection is performed until bone is 
reached. A guidewire is then passed from the ana-
tomic ALL insertion in a slight superomedial ori-
entation (Fig.  16.5). A 7.5  mm reamer is then 
used to overdrill the guidewire, again to a depth 
of 25 mm.

A clamp is passed from distal to proximal sub-
cutaneously, and the suture on the distal limb of 
the grasp is fed to the clamp. The graft is then 
tunneled under the IT band and then subcutane-
ously (Fig.  16.6). At this point, the graft is 

provisionally fixed, and the knee is taken through 
a range of motion to assess graft isometry. Our 
preference is for the graft either to be isometric or 
to slightly loosen with flexion and tighten with 
extension (similar to the native ALL). If the graft 
position is felt to be adequate, a fork-tipped 
PEEK tenodesis screw (Arthrex, Naples, FL) is 
used to fix the graft to the tibia (Fig.  16.7). 
Anatomic ALLR tunnel position is critical for 
appropriate graft tension and function through 
knee range of motion (Fig. 16.8).

It is important to avoid overtension on the 
graft at any flexion angle. The ALL acts as a 

Fig. 16.5  Identification and guidewire placement into the tibial insertion site for ALLR

a b

Fig. 16.6  (a, b) Percutaneous passage of the ALLR graft. A clamp is tunneled from distal to proximal and used to 
shuttle the graft distally to its tibial insertion site

D. J. Kaplan et al.



245

checkrein, and overtightening can lead to over-
constraint. As the primary concern following 
this procedure is stiffness, we typically fix our 
grafts in 0–30 degrees of flexion and neutral 
rotation. It is critical to assess isometry prior to 
ultimate fixation; the graft should become looser 
in flexion. Pearls and pitfalls can be seen in 
Table 16.5.

�Postoperative Protocol

As stiffness is one of the primary concerns with 
the addition of a lateral extra-articular procedure, 
we utilize a standard ACLR protocol. This 
includes weightbearing as tolerated with crutches 
and early range of motion as tolerated on postop-
erative day 1 while in the hinged knee brace 
(locked in extension for ambulation during the 
first week). Physical therapy focuses on quadri-

Fig. 16.7  Fixation of the tibial portion of the graft

Fig. 16.8  Tibial tunnel malposition (posterior and distal) on the left. Appropriate tibial tunnel position on the right

Table 16.5  Pearls and pitfalls of anterolateral ligament 
reconstruction

Pearls Pitfalls
Confirm exam and ALRI 
under anesthesia
Drill ACL femoral tunnel 
prior to ALLR femoral 
tunnel

Avoid ALLR femoral 
tunnel convergence with 
ACLR femoral tunnel

Look through ACL femoral 
tunnel to monitor for break 
from ALLR tunnel

Do not fix graft in 
external rotation, as this 
will lead to overconstraint

Drill ALLR femoral tunnel 
angled superomedially
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ceps and hamstring strengthening and regaining 
range of motion, particularly extension.

After 2 weeks, crutches are weaned, and the 
brace can be discontinued once full extension 
without evidence of an extensor lag is reached, 
typically by 3–4 weeks post-op. The patient also 
begins closed-chain extension exercises and 
hamstring curls and use of a stationary bike.

At 3 months, the patient should achieve full, 
painless ROM.  They can begin straight ahead 
running at this point. By 8  months, the patient 
may begin gradual return to athletic activity as 
tolerated with the goal of competitive play by 
10 months.

�Additional Case Examples

�Case 1

A 44-year-old male had previously undergone an 
ACLR at an outside institution 11 years prior to 

presentation. He had been doing well until about 
2 years prior to presentation (9 years status-post 
index ACLR) when he had a rotational injury 
associated with hemarthrosis. Since this incident, 
he has had recurrent swelling, pain, and recurrent 
instability. He also reported mechanical symp-
toms (clicking and catching).

On exam, the patient was noted to have a 
mild effusion, standing grossly physiologic val-
gus standing alignment, with range of motion 
of 0–135 degrees. For ligamentous assessment, 
he was found to have a 2B Lachman and a posi-
tive pivot shift. He otherwise was stable to pos-
terior, varus, and valgus stress testing, as well as 
posterolateral corner testing. Dial test was also 
negative. Additionally, he had medial joint line 
tenderness and a positive McMurray test.

Imaging was notable primarily for a vertical 
femoral tunnel (Fig. 16.9). MRI confirmed ACL 
re-rupture, as well as a medial meniscal tear 
(Fig.  16.10). Given the patient’s symptoms, he 
was indicated for ACLR.

Fig. 16.9  Preoperative x-rays of a 44-year-old male with left knee recurrent pain and instability 11 years after ACLR 
at outside institution. Vertical femoral tunnel position can be appreciated
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�Case 1 Considerations
The femoral tunnel in this case is positioned ante-
rior. This likely was ultimately responsible for 
the graft failure, given the poor rotational control 
associated with vertical tunnel placement. In 
terms of other possible failure etiologies, the 
patient did not have any unidentified concomitant 
ligamentous injuries or pathologic coronal or 
sagittal alignment. There was also a small menis-
cal tear, but one that appeared stable, without root 
compromise.

In this scenario, it was felt that in addition to 
creating a separate femoral tunnel in a more ana-
tomic position, performing an ALLR would help 
provide further rotational control, improving sta-
bility and taking stress off the new graft.

For the ACL, a new femoral tunnel was 
drilled, and a large bone-patellar-bone allograft 
was used to address the tibial tunnel widening. 
The femoral and tibial sides were fixed with 
interference screws. The tibial fixation was 
backed up with a screw and washer (Fig. 16.11). 
For the ALLR, a semitendinosus allograft with 
suture anchor fixation was used following  
the ACLR.

At 5 years follow-up, the patient has not had 
any recurrent instability and returned to his prior 
level of activity (recreational basketball).

�Case 2

A 23-year-old male presented with recurrent 
right knee pain and instability 6 months after a 
revision ACLR with BTB allograft at an outside 
institution (first failure was BTB autograft). He 
reports he began feeling unstable during a recent 
physical therapy session and had not yet returned 
to any sports.

On exam, he had a large effusion, and range of 
motion of 0–135°. For ligamentous testing, he 
had a 2B Lachman and positive pivot shift test. 
He otherwise did not have any instability to pos-
terior, varus, or valgus stress or posterolateral 
corner testing. Dial test was also negative. He did 
not have any medial or lateral joint line 
tenderness.

Imaging revealed physiologic coronal align-
ment and tunnel widening of the femoral and 
tibial tunnels (Figs. 16.12, 16.13, and 16.14a, b). 

Fig. 16.10  MRI of the left knee demonstrating rupture of prior ACLR graft, including empty notch sign
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Fig. 16.11  Postoperative images demonstrating revision 
ACLR, with bone-patellar-bone allograft, fixed with inter-
ference screws on the femoral and tibial sides, with addi-

tional screw and washer back-up fixation. Visualization of 
the ALLR tunnels can be appreciated

Fig. 16.12  AP and lateral x-rays of the right knee, demonstrating prior ACLR in a 23-year-old male. The patient had 
undergone two prior ACLR before presenting with recurrent instability
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MRI demonstrated ACL graft rupture (Fig. 16.15). 
Due to recurrent instability symptoms in the 
setting of ACLR failure, the patient was indicated 
for revision surgery.

�Case 2 Considerations
Similar to case 1, there were no other anatomic 
factors contributing to the patient’s ACLR fail-
ure. The patient’s coronal and sagittal alignments 
were within normal range, there were no missed 
concomitant injuries, and tunnel positions 
seemed appropriate. One possible source of fail-
ure in this patient is the use of an allograft in a 
patient under 30 years old.

With this in mind, it was decided to treat this 
patient in a staged fashion, due to the tunnel wid-
ening. The first stage included bone grafting of 
the femoral and tibial tunnels. Following confir-
mation of graft incorporation (Fig. 16.14c, d), the 
patient was taken for re-revision ACLR.

Given the lack of any other failure sources, it 
was felt the patient would benefit from a lateral 
extra-articular procedure to help improve rota-
tional control. The patient was therefore indi-
cated for an ALLR, in addition to the revision 
ACLR.  A contralateral BTB autograft was uti-
lized for the ACL.  A semitendinosus allograft 
was utilized for the ALLR, which was secured 
with a knotless anchor device in the femur and a 
metal screw in the tibia.

Fig. 16.13  Full-length weightbearing films of the 
patient’s lower extremities, demonstrating neutral align-
ment in the coronal plane

a b c d

Fig. 16.14  Panels (a, b) demonstrate preoperative tunnel widening. Panels (c, d) represent a follow-up CT scan after 
the patient underwent a tunnel bone grafting procedure, demonstrating incorporation of the graft
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At 6 years follow-up, the patient has returned 
to his prior level of activity, without any recurrent 
instability events or pain.

�Case 3

A 20-year-old female collegiate basketball player 
that had undergone an L knee ACLR with 
hamstring autograft 14  months presented with 
recurrent instability after a non-contact pivoting 
injury during practice.

On exam, she had a small effusion and range 
of motion of 0–130°. For ligamentous testing, 
she had a 1B Lachman with significant guard-
ing. It was not possible to perform a pivot shift 
due to this guarding. Otherwise, no instability 
was noted to posterior, varus, or valgus stress or 
posterolateral corner testing. Dial test was also 
negative. She also was noted to have lateral joint 
line tenderness and a positive lateral McMurray 
sign.

Imaging demonstrated a likely ACL re-tear on 
MRI (Fig. 16.16), though this was not definitive. 
Alignment films demonstrated a slight 2–3 val-
gus malalignment (Fig. 16.17).

�Case 3 Considerations
The patient’s recurrent instability was strongly 
suggestive of re-tear; however, given the patients 
guarding on multiple exam attempts, and some-
what equivocal MRI, it was felt that diagnosis 
would be confirmed with an exam under anesthe-
sia (EUA), followed by a diagnostic arthroscopy 
if the EUA was felt to be suggestive of a tear.

Under anesthesia, the patient was found to 
have a positive pivot shift and 2B Lachman, so 
the decision was made to proceed with diagnostic 
arthroscopy and tunnel bone grafting. Follow-up 
x-ray 3 months later confirmed graft consolida-
tion (Fig.  16.18). The patient was indicated for 
revision ACLR 4 months after the bone grafting 
procedure. A partial lateral meniscectomy was 
also performed at this time.

In terms of options for this patient, while she 
did have some valgus malalignment, this was felt 
to be minimal (only 2–3°) and likely not contrib-
utory. She did not have any increased posterior 
tibial slope necessitating a closing wedge osteot-
omy. No other concomitant injuries were appre-
ciated. Given she had already failed a prior soft 
tissue autograft, the patient was indicated for a 
BTB autograft ACLR. Similar to the cases above, 

Fig. 16.15  Right knee MRI of a 23-year-old patient, demonstrating failure of prior ACLR
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given the lack of other etiologies for her failure, it 
was felt that this patient likely would benefit 
from additional rotational control in the form of a 
lateral extra-articular procedure. She was there-
fore indicated for an ALLR, in addition to ACLR.

One thing to always be cognizant of is the 
danger of overconstraint. It is important to avoid 
overtension on the graft at any flexion angle. 
Because the ALL only acts as a checkrein, over-
tightening it can lead to overconstraint. This can 
both limit ROM and increase contact pressures in 
the lateral compartment, leading to premature 
osteoarthritis. To avoid this, one should try to 
always fix the graft with the leg in neutral rota-
tion, as opposed to external rotation, which may 
lead to overtightening. Additionally, the leg 
should be kept in 0–30°, which has been shown 
to result in the least overconstraint. Most impor-
tantly, it is critical to assess isometry prior to ulti-
mate fixation; the graft should become looser in 
flexion.

At 5 years follow-up, the patient was able to 
return to sport and has not had any instability 
symptoms since her revision surgery.

All three cases above serve to illustrate the 
same principles. It is imperative to always evalu-
ate any patient with an ACL tear, particularly in 
the revision setting, for sources of failure etiol-
ogy. This may include alignment, concurrent 
injuries, tunnel position, graft choice, and graft 
fixation. Performing an anterolateral extra-
articular tenodesis procedure, such as an ALLR, 
can help provide additional rotational stability, 
limiting the stress on ACL grafts. In a revision 
setting, when there is not another cause for fail-
ure, this can be a particularly useful tool to help 
minimize failure rate.

�Clinical Outcomes

At the time of this writing, the only study evaluat-
ing outcomes in patients undergoing revision 
ACLR (and thus most relevant to this textbook 
chapter) is a 2019 paper by Lee et al. In a retro-
spective study of revision ACLR patients that 
underwent either isolated revision ACLR or com-
bined revision ACLR with ALLR, the group 

Fig. 16.16  Left knee MRI of a 20-year-old female with 
likely recurrent ACL tear. Because the imaging here was 
somewhat equivocal, final diagnosis was made at th time 

of the bone grafting procedure through a combination of 
EUA and diagnostic arthroscopy
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found the combined ACLR ALLR group had sig-
nificantly less patients with postoperative pivot 
shifts, significantly more patients returning to 
sport at the same level of activity pre-injury, and 
significantly higher IKDC [85]. The group theo-
rized that the extra-articular procedures partici-
pate in a load-sharing effect with the ACLR, 
limiting stress on the ACLR and preventing 
delayed healing and ultimately failure [85].

Given the relative paucity of available evi-
dence, particularly mid- and long-term studies, 
ALLR cannot be unequivocally recommended. 
In clinical studies, it does appear to improve sta-
bility and outcome scores and possibly reduce re-
rupture rates [82–84]. However, no information 
exists regarding the effect on lateral compartment 
cartilage following combined ALLR. Until long-

term studies on combined ACLR and ALLR 
patients can be reported, some question about the 
clinical effects of potential overconstraint will 
remain. A summary table of clinical outcome 
studies can be found in Table 16.6.

�Complications

While no specific clinical complications have 
been reported in the literature, as discussed in the 
biomechanics section above, several studies have 
found evidence of overconstraint with both 
ALLR and LET procedures [49, 50, 52, 60]. 
Conversely, well-performed studies, like that by 
Noyes et  al., have found ALLR to not even 
improve rotational laxity, let alone result in over-
constraint [51]. Importantly, no clinical data 
about overconstraint exists. If ALLR does result 
in slight overconstraint, there is no information 
regarding the clinical effects of this.

There are two primary concerns with overcon-
straint from lateral extra-articular procedures. 
Overconstraint generally refers to reduced tibial 
internal rotation and anterior translation as com-
pared to the intact state [49]. The first is that the 
constraint may limit knee range of motion. This 
is particularly evident, as the studies that did find 
evidence of overconstraint found it primarily at 
higher knee flexion angles [49, 50]. This could 
lead to knee stiffness. The other concern is the 
effect of constraint on the lateral compartment of 
the knee. With increased constraint, compartment 
pressures may increase, which could lead to 
accelerated degeneration. This has not been dem-
onstrated yet in the literature, but is a very real 
theoretical concern. Until long-term clinical 
research can be performed, the value of increased 
stability with extra-articular procedures must be 
balanced against the risk of overconstraint.

If one elects to proceed with ALLR, steps 
should be taken to avoid the risk of overcon-
straint. This includes fixing the graft at a lower 
degree of knee flexion (either full extension or at 
most 30 degrees based on surgeon preference/
patient laxity). It is also important to have the leg 
in neutral rotation (avoiding external rotation), 
which can also possibly lead to overconstraint 

Fig. 16.17  Full-length alignment films demonstrating 
slight valgus malalignment of 2–3 degrees
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Fig. 16.18  Left knee AP and lateral x-rays taken 3  months after bone grafting procedure, demonstrating graft 
consolidation

Table 16.6  Selected clinical studies investigating ALLR

Key clinical studies evaluating the efficacy of ALLR in restoring knee kinematics
Reference information
Lead author, 
year Journal Methods Main findings
Sonnery-
Cottet, 2015

AJSM Retrospective case series, of patients that 
underwent ACLR with ALLR for primary ACL 
rupture

SS↑ functional scores

Minimum 2-year follow-up 6.6% contralateral ACL rupture 
rate, 1.1% ipsilateral re-rupture 
rate

Rosensteil, 
2019

Arthroscopy Retrospective case series of professional athletes 
that underwent ACLR with ALLR for primary 
ACL rupture

SS↑ functional scores

Minimum 2-year follow-up 85.7% return to sport
5.7% revision ACLR

Ibrahim, 2017 AJSM Prospective RCT No SS differences in functional 
scores

Randomization to isolated ACLR or ACLR with 
ALLR

Slight SS↑ in stability with 
ALLR

Lee, 2019 AJSM Retrospective review of revision ACL patients SS↓ pivot shifts in ALLR group
Treated with isolated revision ACLR or ACLR 
with ALLR

SS↑ patients returning to sport at 
the same level
SS↑ IKDC score
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[64, 65, 86]. After demonstrating restoration of 
knee kinematics with the ALLR in a cadaveric 
study, Smith et al. noted the importance of plac-
ing the femoral origin of the tunnel posterior and 
proximal to the LCL origin, and having the graft 
tighten in extension, while remaining slightly lax 
with flexion. They noted using this position, and 
fixing the graft in extension, ensures that the graft 
is tightest in extension where the pivot shift 
mechanism comes into play. Conversely, having 
the graft be tighter in flexion was shown to lead to 
overconstraint while simultaneously being less 
effective at resisting the pivot shift [86].

Other complications are related to the surgical 
technique itself. Femoral tunnel convergence can 
occur if the ALLR tunnel is not directed anterior 
and proximal. The surgeon may also use the 
arthroscope to view the ACL femoral tunnel 
while the femoral ALL tunnel is drilled. If any 
breach is noted, ALLR tunnel drilling should be 
stopped and redirected [55, 57]. Though rela-
tively far from the zone of surgery, one must 
always be cognizant of the common peroneal 
nerve, initially deep and then posterior to the 
biceps femoris, until it wraps around the fibular 
neck. There are also the extra-surgical scar and 
potential hematoma from the lateral genicular 
artery.

�Considerations for ALLR vs Modified 
Lemaire

When considering which lateral extra-articular 
procedure to use, it is important to note that the 
current state of literature is, at best, equivocal. 
While some advantages and disadvantages of 
each procedure have been offered, very little of 
how these biomechanical or theoretical concerns 
will clinical affect patients is actually known at 
this time.

Which procedure is biomechanically, or, more 
importantly, clinically, more effective is unknown 
at this time. ALLR may be more anatomic and 
may require less surgical insult [12, 20, 55, 86]. It 
also may be less prone to overconstraint [52]. 
However, it does not address a potentially injured 
ITB, does not benefit from the pulley effect of the 

LCL, and may be more expensive [29, 35, 64]. 
Ultimately, when directly compared, neither pro-
cedure has proven superior [49, 53]. The decision 
on which to use (if any at all) should be up to the 
discretion of the operating surgeon. A list of 
ALLR and LET considerations can be found in 
Table 16.7.

�Conclusion

The ACL is the primary restraint to tibial internal 
rotation. Secondary stabilizers, including the 
ITB, ALL, anterolateral capsule, and lateral 
meniscus, provide additional restraint. When the 
ACL is injured, these secondary stabilizers may 
also be injured, particularly in patients with large 
pivot shifts. Biomechanical studies have demon-
strated that ACLR alone may not restore knee IR 
kinematics. When combined with ACLR, ALLR 
has been shown in some studies to restore stabil-
ity, though there is a risk of overconstraint. 
Multiple techniques for ALLR exist, but the most 
important keys are to avoid femoral tunnel con-
vergence and fixing the graft in external rotation 
or significant knee flexion, which may lead to 
overtightening. Clinical outcome studies appear 
promising, but only short- to mid-term data 
exists.
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