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Surgical Treatment and Complications of Lateral
Extra-articular Procedures in the Anterior Cruciate

LigamenteReconstructed Knee: Part II of an
International Consensus Statement
Bertrand Sonnery-Cottet, M.D., Ph.D., Alessandro Carrozzo, M.D., Adnan Saithna, M.D.,
Edoardo Monaco, M.D., Ph.D., Thais Dutra Vieira, M.D., Volker Musahl, M.D.,

Alan Getgood, M.D.,
Camilo Partezani Helito, M.D., Ph.D., and The International Experts Panel
Purpose: To establish international expert consensus on surgical techniques, complications, and rehabilitation protocols for
lateral extra-articular procedures (LEAPs) performed adjunctively with anterior cruciate ligament reconstruction.
Methods: Fifty-five knee surgeons from 17 countries on 5 continents completed a 3-round modified Delphi process. In the
final round, 16 statements on LEAP techniques and complications were scored on a 5-point Likert scale; �75% “agree/
strongly agree” constituted consensus. When appropriate, strength of recommendation was graded. Statements lacking
support were revised until consensus or abandonment. Results: Six statements achieved unanimous consensus (100%), 2
had strong consensus (90%-99.9%), and 3 reached consensus (75%-89.9%); 4 were removed. Key technical recom-
mendations were as follows: (1) in iliotibial band procedures, the graft strip should pass beneath the lateral collateral lig-
ament; (2) an anatomic technique is mandatory for anterolateral ligament reconstruction; and (3) no single LEAP is clinically
superior to another. Unanimous agreement indicated that modern LEAPs do not increase lateral compartment osteoarthritis
risk, carry a low complication rate, and do not necessitate changes to rehabilitation or return-to-play timelines.
Conclusions: Consensus defined core surgical principles and confirmed the safety of adding LEAPs to anterior cruciate
ligament reconstruction. When an iliotibial band graft is used, it should be routed deep to the lateral collateral ligament and
fixed between 0� and 60� of knee flexion under low tension. For anterolateral ligament reconstruction, femoral fixation
should be in full extension at a posterior-proximal point relative to the lateral epicondyle. Although no single LEAP proved
superiority, adherence to these principles permits safe, effective surgery without altering standard rehabilitation or return-to-
sport protocols and without increasing osteoarthritis risk. Level of Evidence: Level V, expert opinion.
n the 1970s and 1980s, surgeons began to develop
Isurgical techniques to address rotational instability in
anterior cruciate ligament (ACL)edeficient knees by
adding on extra-articular tenodesis (LET).1,2 Surgeons
introduced various techniques to address this rotational
instability of the knee and to mitigate the pivot-shift
phenomenon, mainly using a strip of iliotibial band.3-6
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However, enthusiasm for LETs declined following the
1989 American Orthopaedic Society for Sports Medi-
cine Snowmass Consensus, which cautioned against
the routine use of extra-articular reconstructions.1,3

Interest in lateral extra-articular procedures (LEAPs),
including LETs, was renewed following the description
of the anterolateral ligament (ALL) and its role in
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rotational knee stability and also considering that the
results of ACL reconstructions were not perfect with an
isolated intra-articular reconstruction technique.4

Moreover, during the past decade, several studies have
shown the effectiveness of LEAPs, including LETs and
anterolateral ligament reconstruction (ALLR), when
combined with ACL reconstruction in reducing failure
rates and improving rotational stability of the knee.5-9

Despite the evidence, the routine use of LEAPs com-
bined with ACL reconstruction, particularly in primary
surgery, remains controversial, probably due to a high
variability of existing techniques that do not have long-
term follow-up. In particular, there have been concerns
about potential adverse events associated with LEAPs,
some of them related to the practice of extra-articular
reconstructions carried out in isolation in the past; this
has the ongoing debate about the optimal surgical
technique and highlighted the need for caution
regarding issues such as increased intra- and post-
operative complications, possible delays in postoperative
recovery, and increased risk of lateral compartment
overconstrain.10,11

Thus, the purpose of this project is to establish an
expert consensus on the surgical techniques, compli-
cations, and rehabilitation protocols associated with
LEAPs as an adjunct to ACL reconstruction.
Our hypothesis was that consensus would be reached

on specific risk factors that are widely accepted to justify
combined procedures, whereas other potential in-
dications would remain controversial. In addition, we
hypothesized that there would be consensus on the
majority of statements regarding surgical techniques
and complications associated with combined ACL
reconstruction and LEAPs.

Methods

Consensus Design
This consensus is divided into 2 parts to comprehen-

sively address the use of LEAPs in ACL reconstruction.
Part I focuses on establishing expert agreement on the
indications for performing LEAPs, while Part II ad-
dresses surgical techniques, complications, and reha-
bilitation protocols.12 A modified Delphi consensus
process was conducted, a method commonly used in
sports medicine and orthopaedic research that involves
multiple rounds of anonymous surveys.13-15 This LEAP
consensus follows the anterolateral complex of the
knee consensus held in London in 2017 and published
in 2019, focused on the anatomy and biomechanical
properties of the anterolateral complex of the knee.16 A
working group of 7 experts developed 36 statements,
21 on the indications and 15 on the techniques and
complications of LEAP in ACL reconstruction, based on
the most up-to-date literature. The list of participants
was established by the steering committee: Bertrand
Sonnery-Cottet, Alan Getgood, Camilo Helito, and
Volker Musahl. These authors contributed to the crea-
tion of consensus participants and recommended in-
dividuals to be involved in the process. Recent
conference and publications from the Anterior Cruciate
Ligament Study Group, the American Orthopaedic
Society for Sports Medicine, the European Society of
Sports Traumatology, and the International Society of
Arthroscopy, Knee Surgery and Orthopaedic Sports
Medicine groups and various international conferences
were screened to identify invited speakers whose
research focused on the ACL, to ensure that opinion
leaders in the field were invited. In addition, we sought
to include surgeons from several countries to take ac-
count of different philosophies and viewpoints. Finally,
a selection of 58 international experts in the manage-
ment of ACL injuries from 17 different countries across
5 continents, over 50% of whom are members of the
ACL Study Group, extended to other recognized ex-
perts in the field, including pediatric surgeons and
rehabilitation specialists, participated in this consensus.
The expert panel initially included 57 voting mem-

bers. Two online rounds were completed, followed by a
final in-person round on November 8, 2024, chaired by
Adnan Saithna and moderated by Alan Getgood, Ber-
trand Sonnery-Cottet, Camilo Partezani Helito, and
Volker Musahl. During the first and second rounds,
participants were provided with brief notes for each
proposed statement, including a summary of the rele-
vant clinical outcomes and supporting literature. Pan-
elists’ responses were collected anonymously to ensure
independent and unbiased input. In the third round,
although participants were present and shared their
views during live discussions, voting remained confi-
dential: the voting process was online and anonymized
so that neither the steering committee nor the partici-
pants could see individual votes or identify specific
voter responses. Only aggregated percentages were
visible to the group. After the survey was closed, access
to unblinded individual responses was limited to the
data manager. After each round, responses were
compiled, analyzed, and shared with the panel. Partic-
ipants were encouraged to review their feedback in
light of the group’s collective input, enabling adjust-
ments and improvements to the statements. This iter-
ative process of gathering and refining feedback
continued until a strong consensus was achieved. After
each round, responses were compiled, analyzed, and
shared with the panel. Participants were encouraged to
review their feedback in light of the group’s collective
input, enabling adjustments and improvements to the
statements. This iterative process of gathering and
refining feedback continued until a strong consensus
was achieved.
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Consensus Process
In the first round, the expert panel received a link to a

survey (SurveyMonkey) via e-mail and was asked to
evaluate the appropriateness of statements. A list of
statements was developed based on a comprehensive
review of the existing literature and categorized into 3
domains: indications, techniques, and complications. In
each round, panelists independently rated the appro-
priateness of each statement using a 9-point Likert
scale, where scores of 1 to 4 indicated “inappropriate,” 5
indicated “uncertain,” and 6 to 9 indicated “appro-
priate.”When a statement was rated as inappropriate or
uncertain, panelists were invited to provide open-
ended comments explaining what changes would be
necessary for them to consider the statement appro-
priate. These qualitative responses were used to refine
and clarify statements between rounds, in keeping with
the iterative nature of the Delphi method. The panelists
were encouraged to base their evaluations on a sum-
mary of evidence provided by the core group guiding
the consensus process, without factoring in the cost of
the procedure.
Statements were classified as follows:

� “Appropriate” if they achieved a median score of �7
without disagreement among the panelists

� “Inappropriate” if they received a median score of �3
without disagreement
Statements that did not meet these criteria were

revised and rephrased based on the panel’s comments,
then subjected to revoting in subsequent rounds to
refine and clarify their content (Table 1).
In the second round, the same process was per-

formed. At this time, if there were no missing values,
one of the scores could be excluded from the analysis of
the degree of agreement according to the following
rules:

� The minimum value is excluded if the median is
strictly greater than 5.

� The maximum value is excluded if the median is less
than or equal to 5.
After applying the rules outlined in Table 1, only

statements that met the “strongly agree” mark were
accepted as they were. Statements that did not meet
these criteria were revised and rephrased based on
the panel’s comments. They were then subjected to
Table 1. Round 1 and 2 Statement Scoring System

Proposal
Agreement Among

Experts
Distribution
of Scores Median

Appropriate Strong agreement [7-9] �7
Relative agreement [5-9] �7

Inappropriate Strong agreement [1-3] �3
Relative agreement [1-5] �3.5

Uncertain Undecided [1-9] [4-6.5]
No consensus Other situations
revoting in subsequent rounds to refine and clarify their
content.

Final Voting
Fifty-seven experts were invited to participate in the

online rounds, and 55 voters were present in the third
round, of which 10 were online voters, resulting in an
overall dropout rate of 3.5%. A 5-point Likert scale was
used during an in-person meeting, with a direct vote
facilitated by Adnan Saithna, Alan Getgood, Alessandro
Carrozzo, Camilo Partezani Helito, and Thais Dutra
Vieira. Respondents rated statements as follows:
strongly disagree, disagree, undecided, agree, and
strongly agree.
Responses were analyzed with stricter cutoff criteria:

items were only considered to have reached consensus
if more than 75% of respondents agreed (either “agree”
or “strongly agree”). Agreement among �75% of the
participants has previously been noted to be the most
frequently specified determination of a consensus for
Delphi studies.13-15

Consensus was defined based on the combined per-
centage of respondents selecting “strongly agree” or
“agree.” The levels of consensus were categorized as
follows: unanimous consensus (100%), strong
consensus (90%-99.9%), consensus (75%-89.9%),
and no consensus (<75%). Statements were assigned a
strength of recommendation: “Strongly recom-
mended,” “Recommended,” “Should be considered,”
and “Could be considered.” If a statement did not
receive sufficient support with the proposed wording,
the wording was adjusted, and voting was repeated
until consensus was reached, or it was determined that
no feasible wording could achieve agreement.

Results
The level of consensus was assessed for 16 statements

regarding surgical techniques and complications of
LEAPs. Of these statements, 6 achieved unanimous
consensus (100%), 3 achieved strong consensus (90%-
99.9%), and 3 achieved consensus (75%-89.9%), with
none of the statements not reaching consensus
(<75%). Four statements were removed. The distri-
bution of agreement is summarized in Table 2.

Technical Recommendations
The panel strongly advocated certain surgical princi-

ples. When using an iliotibial graft (ITB) graft, it was
considered essential to pass the graft deep to the lateral
collateral ligament (LCL). For ALLR, femoral fixation
should be placed proximal and posterior to the lateral
femoral epicondyle and performed in full extension and
neutral rotation.
Regarding fixation methods, there was unanimous

agreement that staples, screws, sutures, or anchors are all
acceptable. In addition, ITB-based grafts should be fixed



Table 2. All the Statements Related to Surgical Techniques and Complications for Combined Procedures Along With Their
Corresponding Levels of Agreement: Unanimous Consensus (100%), Strong Consensus (90%-99.9%), Consensus (75%-
89.9%), and No Consensus (<75%)

Statement
Number Statement Text

%
Agreement Consensus

21 The following options are the available surgical techniques in the armamentarium for lateral extra-
articular procedures: Lemaire and modified Lemaire, anterolateral ligament reconstruction, Ellison
and modified Ellison, McIntosh, Arnold-Coker, Marcacci-Zaffagnini, and Kocher Micheli.

Removed

22 No single lateral extra-articular procedure has been proven to be clinically superior to another. 77.3 Consensus
23 When performing LEAP with the ITB graft, passing the graft deep to the LCL is strongly recommended. 93.3 Strong

Consensus
24 The ITB graft should be fixed in neutral rotation, with low tension. Its fixation can be performed between

0� and 60� degrees of knee flexion.
86 Consensus

25 LEAP fixation can be performed using a staple, screw, suture, or suture anchor. 100 Unanimous
26 In anterolateral ligament reconstruction, it is strongly recommended that the fixation is performed in full

extension and neutral rotation.
80.6 Consensus

27 In anterolateral ligament reconstruction, it is strongly recommended that the femoral fixation is placed
proximal and posterior to the lateral femoral epicondyle.

100 Unanimous

28 In pediatric patients, it is mandatory to adapt the LEAP technique to avoid injury to the physes. 100 Unanimous
30 Although there are complications related to LEAP, the overall rate is low. 100 Unanimous
31 Despite previous concerns of altered biomechanics following LEAP, recent clinical studies do not show an

increased rate of OA of the lateral compartment.
100 Unanimous

32 Lateral side pain, tunnel convergence, hardware removal, scar aesthetic issue, stiffness, hematoma, and
infection are the possible complications of combined ACL þ LEAP surgery.

Removed

33 No changes to rehabilitation programs are required following combined ACL and LEAP surgery. 100 Unanimous
34 Combined ACL and LEAP surgery does not negatively affect return to sport. 100 Unanimous
35 While tunnel convergence remains a significant technical concern in combined ACL and LEAP

procedures, continuous ACL þ LEAP graft, modern surgical techniques, fixation devices, and
arthroscopic control can mitigate these risks.

Removed

36 There are a number of relative indications that, when considered together, may reach a threshold at
which LEAP is recommended in addition to ACL reconstruction.

97.1 Strong
Consensus

ACL, anterior cruciate ligament; ITB, iliotibial band; LCL, lateral collateral ligament; LEAP, lateral extra-articular procedure; OA, osteoarthritis.
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in neutral rotation with low tension at a knee flexion
angle between 0� and 60�. Also, there was agreement
that no single LEAP technique is clinically superior.

Safety and Complications
There was unanimous agreement that LEAPs are asso-

ciated with a low complication rate, with no evidence of
an increased risk of lateral compartment osteoarthritis. In
pediatric patients, adaptation of the technique to avoid
physeal injury was considered essential.
Importantly, the panel agreed that adding a LEAP to

ACL reconstruction does not require changes to stan-
dard rehabilitation protocols and does not negatively
impact return-to-sport timelines.

Statements That Were Removed
Four statements regarding the techniques or the

complications of combined ACL reconstruction (ACLR)
and LEAP were removed. A proposed list of available
LEAP techniques (statement 21) was withdrawn in
favor of presenting data from a survey of the panel’s
preferred approaches (Fig 1). Statement 29, which
addressed the use of intraoperative ultrasound for ALL
graft positioning, was removed after it became clear
that most panelists lacked sufficient experience with
this technique. Two additional statements (statements
32 and 35) related to potential complications of com-
bined ACLR and LEAP procedures were also excluded.
The panel agreed that these complications, such as
tunnel convergence, lateral pain, or hardware-related
issues, did not require consensus and were better
addressed through narrative discussion in the
manuscript.
Discussion
The most important finding is the high level of

agreement on surgical techniques and the low compli-
cation rates associated with LEAPs when combined
with ACLR by a qualified group of surgeons that per-
forms these procedures routinely. All the statements
voted achieved either unanimous, strong consensus, or
consensus, highlighting key operative and post-
operative considerations that can be readily incorpo-
rated into clinical practice.
Among the unanimously agreed-on statements, the

importance of routing the strip of the ITB under the
LCL (statement 23) is consistent with previous biome-
chanical evidence suggesting that this passage helps
maintain favorable graft tension and restores knee ki-
nematics.17-20 Also, most of the existing clinical studies
adopt this practice, so there is currently no reason to



Fig 1. Results of the survey on respondents’ preferred techniques for performing lateral extra-articular procedures.
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adopt the passage of the graft over the LCL in this type
of technique without further study. Similarly, the
recommendation to position the femoral ALL graft
fixation proximal and posterior to the lateral femoral
epicondyle (statement 27) underscores the importance
of an anatomic reconstruction, leading to favorable
anisometrydwith the graft being tight in extension and
slack in flexiondpreventing overconstraint and
restoring native knee kinematics.17,18,21,22 These tech-
nical principles aim to optimize extra-articular graft
function while minimizing the risk of abnormal knee
kinematics, residual laxity, or unwanted joint stiffness.
Statements on complications provided reassurance

about the safety of LEAPs. The panel unanimously
agreed that the overall complication rate is low (state-
ment 30) and that there is no increased risk of lateral
compartment osteoarthritis (statement 31). Advances
in knee biomechanics, surgical techniques, and modern
rehabilitation protocols have likely played a role in
reducing the complication rates previously observed
when LEAPs were performed frequently as isolated
procedures. The STABILITY trial recently provided
strong evidence to support the addition of LET to
hamstring tendon autograft ACLR in young, high-risk
patients. Over a 2-year follow-up period, the study
showed a significant reduction in graft rupture rates in
the ACLR combined with LET group (4%) compared to
ACLR alone (11%, P < .001), representing a relative
risk reduction of 67%.5 This study confirmed that
concerns about increased complications with LET are
not supported by recent literature. There were no sig-
nificant differences in effusion, infection rates, or
overall reoperation rates between the groups. Although
the ACLR combined with LET group had a slightly
higher rate of hardware removal (10 vs 4 cases), the
overall incidence of minor medical (11%) and surgical
(7%) events remained low, particularly given the high-
risk nature of the patient population. Ripoll et al.23 also
showed a very low rate of complications when evalu-
ating ALLR, and most were related to irritation that led
to further hardware removal. In addition, while pa-
tients in the LET group reported greater pain at 3
months, this difference was not clinically significant at
later follow-ups, and range of motion was comparable
between groups.24 The incidence of lateral pain be-
tween ALLR and LET also seems to be similar, with a
possible greater durability in cases of LET but not lasting
more than 4 months postoperatively.25

Sonnery-Cottet et al.26 conducted an interim analysis
of the SANTI randomized controlled trial to evaluate
the safety and outcomes of combined ACL and ALLR
compared with isolated ACLR. Their results showed
that the ACL and ALLR group had significantly lower
reoperation rates for cyclops syndrome (0% vs 8.9%,
P ¼ .0012), while showing no increase in complications
such as infection, venous thromboembolism, or
arthrofibrosis. In addition, there were no significant
differences in graft rupture rates, range of motion, or
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pain between the 2 groups. A recent systematic review
and meta-analysis on randomized controlled trials
compared isolated ACLR with ACLR combined with
LET or ACLR combined with ALLR.27 The study
confirmed that failure rates were significantly lower in
the combined groups and that despite previous con-
cerns about overloading, stiffness, infection, tunnel
convergence, and increased surgical complexity, the
analysis found no significant difference in complication
rates between ACLR and ACLR combined with ALLR
(P ¼ .91) or between ACLR and ACLR combined with
LET (P ¼ .36).
Another key finding of this consensus is the conclu-

sion that combining LEAPs with ACL reconstructions
does not require changes in rehabilitation protocols
(statement 33) or negatively affects return to sport
(statement 34). These statements suggest that the
addition of a LEAP does not require more conservative
postoperative management. Also, subjective knee
function scores and time to return to sport are compa-
rable between isolated ACL reconstructions and ACL
reconstructions combined with lateral procedures.28-30

Getgood et al.31 recently reported that patients who
underwent ACLR and LET had inferior knee function
(including lower self-reported knee function and lower
peak quadriceps torque and mean power) at 6 months
postoperatively compared with those who underwent
isolated ACLR, but these differences between the
groups had resolved by 12 months. Coquard et al.30

recently conducted a retrospective analysis of data
from patients who underwent ACLR with hamstring
autograft, comparing those who had an isolated ACLR
to those who had a combined ACLR and ALLR. The
groups were matched 1:1. Outcome measures included
the Tegner Activity Scale and the Knee Santy Athletic
Return to Sport score assessing neuromuscular control,
limb symmetry, agility, and psychological readiness.
Results from 111 matched pairs showed no significant
differences in the overall Knee Santy Athletic Return to
Sport or Tegner scores between groups at 6 months.
The study concluded that the addition of ALLR does not
delay functional recovery and showed no disadvantage
in neuromuscular control, limb symmetry, agility, or
psychological readiness in the ALLR and ACLR group
compared to the isolated ACLR group. Also, Gillet
et al.32 also reported that the addition of an ALLR did
not alter the recovery of isokinetic muscle strength
measured 6 months after ACLR. Combined ACLR and
ALLR required the additional harvesting of the gracilis
tendon (in addition to the Semitendinosus tendon), and
postoperative strength recovery was not significantly
different from that of isolated ACLR.
Despite strong consensus on key surgical principles, 3

statements reached the standard consensus threshold
(75%-89.9%), reflecting remaining debate on certain
technical details. For example, although the panel
agreed that no single LEAP technique is clearly superior
to another (statement 22), it remains possible that in-
dividual factors (e.g., ACL graft choice or patients’
characteristics) may favor one approach over another in
certain settings. In addition, statements regarding rec-
ommended fixation angles (e.g., 0�-60� of flexion for
ITB-based procedures vs full extension for ALL recon-
struction) highlight the variability that still exists among
experts (statements 24 and 26). It is important to
mention that there is more variability in LET fixation
angle in the literature. In contrast, the largest series that
describes ALLR recommend fixing the graft in full
extension and neutral rotation.26,33,34

Four statements were removed prior to voting from
the final analysis for various reasons, including a lack
of collective experience (intraoperative ultrasound for
ALL graft positioning) and overlap with other items
that did not require consensus, such as discussions of
complications or broad lists of surgical techniques. The
panelists concluded that these complications associated
with LEAPs are uncommon but may include lateral
pain, LCL injury, quadriceps inhibition, tunnel
convergence, symptomatic hardware requiring
removal, aesthetic concerns related to scarring, stiff-
ness, hematoma, and infection. However, it is likely
that the most significant complications are related to
inadequate surgical techniques, which can happen
during the surgeons’ learning curve, and if the
reconstruction principles reported in this consensus
are followed, the probability of complications is
low.35-38

Limitations
First, as consensus statements inherently reflect

expert opinion, they represent Level V evidence and are
subject to the limitations associated with this type of
data. The selection and allocation of panel members
may introduce inherent bias.39,40 Despite efforts to
ensure broad international representation and multi-
disciplinary expertise, the predominance of high-
volume surgeons and recognized experts who could
have a predisposition in favor of LEAPs may have
introduced selection bias. The statements’ development
was not based on a standardized process but was led by
a subgroup of the Steering Committee. Nevertheless,
participants were given the opportunity to suggest
modifications to the statements during each round of
the Delphi process, allowing for iterative refinement
based on collective feedback.

Conclusions
Consensus defined core surgical principles and

confirmed the safety of adding LEAPs to ACL recon-
struction. When an ITB graft is used, it should be routed
deep to the LCL and fixed between 0� and 60� of knee
flexion under low tension. For ALLR, femoral fixation
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should be in full extension at a posterior-proximal point
relative to the lateral epicondyle. Although no single
LEAP proved superiority, adherence to these principles
permits safe, effective surgery without altering standard
rehabilitation or return-to-sport protocols and without
elevating osteoarthritic risk.
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