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Anatomic anterior cruciate ligament (ACL) reconstruction
vs. non-anatomic ACL reconstruction with lateral tenodesis
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Abstract: Anterior cruciate ligament (ACL) reconstruction is one of the most common knee surgical
procedure. The overall outcome of the ACL-reconstruction is very satisfactory, however, some patients
continue to experience dynamic instability and therefore reduced clinical outcome and lower return to
sports rate even after a technically correct surgery. Different approaches have been proposed to address the
rotatory instability: an anatomical ACL reconstruction or an intra-articular ACL reconstruction with an

extra-articular augmentation or tenodesis (EAT). This review is focused on the historical and contemporary

rationale of the combined procedure (EAT).
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Introduction

Anterior cruciate ligament (ACL) reconstruction is one of
the most common knee procedures performed, with more
than 200,000 surgical reconstruction performed annually in
the United States (US) (1).

The ACL is the primary restraint to anteroposterior
joint translation and play an important role in controlling
rotational stability. Therefore, ACL injuries alter the knee
kinematic significantly. If the ACL reconstruction (ACLR)
is not effective in restoring the native knee kinematic, long
term functional impairment and degenerative changes are
expected (2).

Clinical examination and laxity assessment are crucial
steps while evaluating the injured knee, before and after
the ACLR (3). Increased rotational instability, commonly
assessed with the “pivot shift (PS) test” is a clinical
phenomenon that is correlated with the symptom of “giving

)

way” and a physical sign that has been considered more

specific than the Lachman test (4,5).

© Annals of Joint. All rights reserved.

20j.amegroups.com

Although the ACLR is nowadays considered a successful
surgery with overall satisfactory results as high as 94% (6),
there is a subgroup of patients who continue to experience
residual rotatory instability. Recent studies suggest that
anterior laxity is not predictive of the patients’ satisfaction,
while the PS test has been correlated with lower Lysholm
score, more activity limitation, and limited sports
participation (7).

For this reason, restoring rotational stability is a matter
of concern among surgeon but despite the abundant
research in this field, there is still no consensus on the best
surgical strategy.

In the last 15 years, a more anatomic ACLR has been
advocated in order to increase rotational control during
pivoting activity, improve clinical outcomes and restore
normal knee kinematic aiming to avoid the development of
osteoarthritis (OA) (8,9).

Yagi et al. demonstrated that anatomical double bundle
ACLR provides better control of rotatory instability than
single bundle reconstruction without increasing the rate of
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complication at 1 year of follow-up (10).

Recently, a ligamentous structure in the lateral side of
the knee, called the “anterolateral ligament” (ALL) has
been described by Claes ez 4. (11). Some authors advocated
its role in controlling rotational laxity and internal rotation
and consider overlooked ALL injury responsible for residual
instability (12,13).

Additional procedures during ACLR, the so-called
“lateral plasty” or “extra-articular tenodesis” (EAT) have
been rediscovered and triggered debates among surgeons.

Lateral plasty historical background

Extra-articular procedures such the one described by
Larson, Lemaire, Ellison, and MaclIntosh were popular
among surgeon in the seventies and eighties, such
procedures were performed either in isolation or in
association with intra-articular reconstruction.

A key point in the history of EAT was the consensus
conference organized in 1989 by the AOSSM in Snowmass,
Colorado. A panel of renewed knee surgeons discussed and
shared their experience on this topic and published a few
years later a booklet with an agreement on extraarticular
procedures (14). The experts stated, regardless the lack of
evidence, that extraarticular procedures did not provide any
additional benefit compared with intraarticular procedure
and suggested to avoid this technique due to concern
regarding biomechanics, stiffness, increased complication
and a higher risk of lateral compartment OA.

It is important to point out that at that time, ACLR
procedures were much more invasive: patellar-bone-
tendon graft was used even in acute cases, often as an
open procedure with subsequent several weeks of rigid
immobilization. In this context, it easy to understand
the concern of increasing the complication rate with any
additional procedure (15,16). So, the point number 5 of
the Snowfall consensus states that: “There is no evidence
that clinical results for primary bone-patella-bone intraarticular
reconstructions are improved by adding an extraarticular
procedure” (14). As results of this conference, EAT fell out of
favor in the US, while the experience continued in Europe,
mainly in some centre in Italy and France because of clinical
experience of some surgeons.

The literature gives us an idea of the impact of this
consensus: before the year 2000, 8 of 15 articles on extra-
articular procedures were published by American authors,
while in the last 15 years only 1 of 14 studies was published
in the US (17).
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Rationale and biomechanical background

In 2013, Claes et al. “rediscovered” a ligamentous structure
on the anterolateral part of the knee (ALL) “clearly
distinguishable from the lateral capsule and definitely separated
from the iliotibial band” (11). Previously many author, starting
from Paul Segond have described a distinct structure in
this side of the knee. In the 1970s, Hughston described a
strong structure in the middle third of the lateral capsular
ligament, with function of static support at 30° of knee
flexion (18).

A few years later, Terry er al. found a functional
interconnection between the ACL and the “capsulo-osseous
layer” of the Iliotibial band. For the authors, this structure
forms an inverted “U” around the posterior aspect of the
lateral condyle and contribute to the tibiofemoral stability (19).

The association of ALL injury with ACL tear and its
biomechanical role have been widely investigated in in-vitro
and in-vive setting by many authors. Helito ez al. dissected
13 knees previously evaluated with MRI and reported an
excellent correlation between radiographic and anatomic
parameters of the ALL (20). Song et al. recently reported
a higher prevalence of ALL injury in patients who were
diagnosed with complete ACL tear (36%) compared with
patients with partial ACL tear (4%) (21).

Biomechanical studies showed that sectioning the ALL
ligament increase the internal rotation at 30° of knee
flexion, while the antero-posterior translation is not affected
by its deficiency (12,22,23). The author opinion is consistent
with these studies: the ALL plays a significant role in
controlling static internal rotation and acceleration during
PS test. The residual rotatory instability experienced by
some patients even after a technically correct intra-articular
ACLR, could be explained by overlooked ALL injuries.
Intra-articular ACLR with extra-articular augmentation has
shown to provide additional rotational stability, helping to
reduce the “giving way” sensation during pivoting activity
in the context of combined injury (24,25). Finally, there is
evidence that the EAT protect the intraarticular graft by
reducing the load on the neo-ACL by 40% (26).

Results of combined intra-articular
reconstruction and EAT

When the extra-articular plasty was not performed alone,
but was combined with intra-articular reconstruction, the
results of this technique improved significantly.

Dejour ez 4l. reported good clinical results of 148 patients
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Figure 1 The ACL graft is passed into the knee joint, pushed
through the posterior layer of the capsule and then is tensioned
with the knee at 90° of flexion and secured with two staples into

the “over-the-top” position. ACL, anterior cruciate ligament.

Figure 2 The graft emerges from the Gerdy’ tubercle incision and

is secured with one metal staple.

at 11.5 years of follow-up treated with an open ACLR and
a lateral Lemaire procedure: in 89% the subjective scores
were rated as “satisfied” or “very satisfied” (27).

More recently, Sonnery-Cottet developed an original
technique for an anatomic ALL reconstruction, reporting
good clinical results, no range of motion (ROM) limitation
and only one failure at 2 years of follow-up (13). The same
study group reported a protective effect on medial meniscal
suture of combined ACLR and ALL reconstruction:
compared with the ACLR alone, the rate of reoperation was
decreased by more than 2 folds (28).

Redler et al. investigated the outcome of ACLR with
doubled hamstring and EAT during revision surgery at
a mean follow-up of 10.5 years: 7.6% had clinical failure
based on side-to-side difference greater than 5 mm, grade
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2+ PS or instability. The only factor correlated with
worsened clinical outcome was meniscectomy (29).

Marcacci er al. reported results of the combined non-
anatomic “over-the-top” technique with lateral plasty
(Figures 1,2) at 11 years of follow-up. In this series of
54 high level sports patients, 90.7% demonstrated good or
excellent results with International Knee Documentation
Committee (IKDC) grade A or B. Only two patients had
side-to-side difference greater than 5 mm measured with
KT-1000 (30).

The same technique was used with Achilles tendon
allograft in multiple revision surgery, with “good” to
“excellent” results in 83% and a “normal” or “nearly
normal” PS in 92% (31) (Figure 3).

As previously reported, a major concern with extra-
articular procedure was overconstraining the lateral
compartment, with possible reduction of ROM and
development of lateral compartment OA. To our
knowledge, there is only one in-vitro study on 10 knees by
Schon et al. (32) that proved this thesis. However, in this
study the traction force of the ALL before fixation was 88 N,
which is substantial. Moreover, the measured overconstraint
was up to 2°, which could not be relevant in the clinical
practice (23).

On the contrary, in-vive study at a very long-term
follow-up (mean 24 years) by Marcacci ef al. did not show
signs lateral compartment or patellofemoral OA. Medial
meniscectomy was the only factor correlated with the
development of OA (33). Similar results have been reported
by Devitt et 4i. in a recent systematic review: the addition of
EAT to ACLR does not result in increased rate of OA (34).

Another study by Thaunat et 4/. reported that the
reoperation rate of combined ALL and ACLR is broadly
comparable to the reoperation rate after isolated ACLR (35).

It is our opinion that extra-articular procedure are useful
in the treatment of a subgroup of patients with persistent
rotational instability. In the future years, the systematic
research on the lateral compartment of the knee will help
to better assess the contribution and biomechanics of all
the structure involved in controlling the PS. Once this
enigma will be solved, we will be able to offer a “tailored”
ACL reconstruction taking into account also the damaged
stabilizer on the lateral side of the joint.

Author’s indication for EAT

w» Primary ACLR with PS grade 2+ or more;
< Primary ACLR with concomitant ALL lesion or
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Figure 3 X-rays (A,B) and MRI (C,D) imaging at 12 months of follow-up after anterior cruciate ligament (ACL) revision and medial
allograft transplantation (MAT) of a 25-year-old professional football player. The circle in (D) shows the posterior horn of the transplanted

medial meniscus.

“Bucket Handle” of the lateral meniscus; Conclusions
< Primary ACLR in young patients who want to return
to sport with high pivoting activity; Combined intra-articular ACLR and EAT is a valid
< Revision ACL surgery due to persistent instability or surgical option for controlling rotational instability. The
femoral tunnel malposition. laxity pattern of each patient should be documented and
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objectively assessed in order to identify which patient
would benefit from an additional extra-articular procedure.
Further research will help to clarify more specific indication
for high risk and revision cases.
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