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Abstract

Despite remarkable improvements in clinical outcomes after anterior cruciate ligament
reconstruction, the residual rotational instability of knee joints remains a major concern.
The anterolateral ligament (ALL) has recently gained attention as a distinct ligamentous
structure on the anterolateral aspect of the knee joint. Numerous studies investigated
the anatomy, function, and biomechanics of ALL to establish its potential role as a
stabilizer for anterolateral rotational instability. However, controversies regarding its
existence, prevalence, and femoral and tibial insertions need to be addressed. According
to a recent consensus, ALL exists as a distinct ligamentous structure on the anterolateral
aspect of the knee joint, with some anatomic variations. The aim of this article was to
review the updated anatomy of ALL and present the most accepted findings among the
existing controversies. Generally, ALL originates slightly proximal and posterior to the
lateral epicondyle of the distal femur and has an anteroinferior course toward the tibial
insertion between the tip of the fibular head and Gerdy’s tubercle below the lateral

tibial plateau.
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Core Tip: Although there are some anatomical variﬁions in the anterolateral ligament
(ALL), the most recent studies agree that it exists as a distinct ligamentous structure on
the anterolateral aspect of the knee joint. ALL reconstruction can be a solution for
residual rotational instability after anterior cruciate ligament reconstruction. Further
investigations are necessary to resolve the controversies regarding ALL anatomy and to

establish appropriate ALL reconstruction techniques.

INTRODUCTION

The anterolateral ligament (ALL) has recently gained attention because of its discovery
as a new ligament structure, as well as its potential role in the anterolateral rotational
stabilityl'2l. However, the anterolateral structures defined as ALL e not newly
discovered by Claes et alBl. ALL has previously been described as the anterior band of
the lateral collateral ligament (LCL)I, the mid-third-capsular ligament!®], the anterior
oblique band!®l, and the capsular-osseous layer of the iliotibial tractl’l, and represented
the anterolateral structure that tightens during the internal rotation of the tibia between
30° to 60° knee flexion. After the "re-discovery" of ALL, its clinical significance was
demonstrated in several biomechanical studies, suggesting that its possible association
with the rotational stability of the knee joint2l.

Although the outcomes after anterior cruciate ligament (ACL) reconstruction have
improved with a better understanding of the anatomy of the ACL and advances in
surgical technique, some patients complain of residual anterolateral rotational
instability (ALRI) even after successful ACL reconstruction, which presents with a
persistent “pivot shift test.” ALL reconstruction has recently gained attention as an
alternative option to control ALRI in ACL-injured patients. Many studies have shown
that ALL reconstruction combined with ACL reconstruction significantly decreases the

rate of ACL retear and ALRI, in addition to improving patient-reported outcomes/®l.

2/15




However, there are still inconsistent findings regarding the anatomy of the ALL,

including its prevalence, femoral origin, tibial insertion, and relationship with the
surrounding structures. Several cadaveric studies reported that ALL was identified as a
distinct ligamentous structure, separate from the anterolateral capsule. However, some
studies reported only a thickening of the articular capsule or a complex of fibrous tissue
on the anterolateral capsulel>>1°, With these inconsistent findings, questions regarding
the anatomical implications of ALL reconstruction for the restoration of rotatory
stability, and the surgical technique for proper tunnel placement may emerge.
Therefore, there is a need for detailed understanding of the ALL anatomy to ensure
proper diagnosis and treatment of knee joint pathology. This article aimed to review
recent studies regarding the anatomy of ALL and present the most accepted findings

among several controversies.

HISTORICAL REVIEW OF ALL

In 1879, Paul Segond described “a pearly, resistant, fibrous band, which invariably
showed extreme amounts of tension during forced knee internal rotation,” and
suggested that this structure is related to avulsion fractures in the tibial anterolateral
aspectl!ll. Nowadays, this avulsion fracture, named the “Segond fracture,” is recognized
as a pathognomonic sign of ACL injury(’?. However, this anterolateral structure was
not initially described by Segond. In 1752, Weithbrecht noted “fibrous bunches that
reinforce the capsule and bands that supplement the fixation of semicircular cartilage”
in his desmography book!™l. In 1872, Friedrich Henle noted a structure wherein the
most anterior fibers of the lateral collateral ligament curved forward at a nearly right
angle and disappeared into the edge of the meniscus, which was later found to
correspond to the ALLIMI. Thereafter, this anatomic structure has been investigated by
several researchers and described by different terms such as “deep external lateral
ligament,” “lateral epicondylo-meniscal ligament,” “lateral capsular ligament,” “mid-

third lateral capsular ligament,” “anterior oblique band of the LCL”[15I.ﬁLL was first
named by Vincent et al in 2012(5l In 2013, Claes et alPl identified a well-defined
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ligamentous structure (ALL) that was clearly distinguishable from the anterolateral
joint capsule in human cadaveric knees. In a subsequent study, the tibial insertion site
of the ALL on a cadaver was compared with the location of the Segond fracture on
magnetic resonance imaging (MRI) images, and a high correlation between the two
locations was demonstrated, which suggested that the Segond fracture is a bony

avulsion of the ALLI¢l

PREVALENCE OF ALL

One of the debatable issues regarding ALL is whether it is a distinct ligamentous
structure or a simple capsular thickening. This controversy resulted from the
inconsistent findings related to the presence of ALL in previous cadaveric studies,
which ranged from 0% to 100%[1017.18] In a study reported by Claes et all3l, ALL was
identified in almost all the cadaveric knees (40 of 41, 97.6%). Thereafter, numerous
cadaveric studies reported various prevalence rates of the ALL, and some studies
insisted that it does not exist as a distinct ligamentous structurel®1920l. However, a
recent systematic review found that ALL was identified in 83.0% of the 39 cadaveric
dissection studies of 952 specimens, indicating a high prevalencel?!l. Ariel de Lima et
all2ll suggested that different dissection preservation methods could affect ALL
identification. They demonstrated that ALL prevalence was low in embalmed cadaveric
studies, whereas it was high in fresh-frozen cadavers?ll. This is because the
anterolateral structures, including LCL, ALL, iliotibial band (ITB), and biceps, have a
complex relationship, and their insertions are often merged together. In addition, the
clear identification of ALL could be restricted in the embalmed specimen. Several
studies have demonstrated that the anatomical structure of the ALL varies from a
distingt ligamentous structure to a sheet-like structurel617.22l. Most studies reported
ALL as a true ligamentous structure; however, in some cases it may only be palpated as
bundles of tense capsular tissuel'7222, Olewnik et al classified the ALL structure into
five types, and demonstrated that type 1 corresponds to the typical description of ALL

by Claes et all2l. After considering the differences in race, sex, preservation method, and
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dissection techniques, the current consensus is that ALL exists at the anterolateral
aspect of the knee joint in the most people, as a distinct ligamentous structure that

tightens when tibial internal rotation with 30° to 60° knee flexion is applied[m.

ANATOMY OF THE ALL

Anterolateral complex

The structures related to the anterolateral aspect of the knee_joint constitute the
anterolateral complex. This complex consists of the superficial ITB and iliopatellar band,
deep ITB (Kaplan fibers, retrograde condylar attachment continuous with the capsulo-
osseous layer), and ALL. The first layer consists of the superficial ITB, the second layer
consists of the iliopatellar band, and the third layer is comprised of ALL. Within the
third layer of the anterolateral capsule, the ALL is the superficial lamina, and the deep
lamina is the true capsule of the knee jointl2d. Several dissection techniques for
identifying ALL have been introduced, and Ariel de Lima et al?®l and Daggett et all2]
suggested that a uniform and standardization dissection technique can improve ALL
identification. With antegrade dissection, they were able to identify ALL in all fresh-
frozen cadavers.

For anterograde dissection, ITB was transversely cut at 10 cm proximal to the lateral
femoral epicondyle and bluntly dissected until its insertion into Gerdy’s tubercle in the
anterolateral aspect of the tibia by cutting the Kaplan fibers. This step must be done
carefully because the deep part of the ITB can closely adhere to ALL, towards the lateral
femoral epicondyle. Inadequate dissection does not separate the deep ITB and ALL,
which may result to confusion in distinguishing them. However, the ITB is connected to
the distal femur with Kaplan fibers, and has no attachment to the lateral femoral
epicondyle. ALL is a ligamentous structure that is clearly distinct from the ITB. Both the
“deep layer” (Kaplan's fibers) and “capsulo-osseous layer” of ITB should not be
confused with ALL. After reflection of ITB, the anteroinferior trajectory parallel fibers
on the anterolateral capsule, which originate from around the lateral epicondyle and

extend distally in a fan-like fashion, are inserted into the tibia between the Gerdy’s
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tubercle and the fibular head. With a tibial internal rotation at 30° to 60° knee flexion,
this structure becomes more obvious and distinct. ALL is anteriorly merged with the
anterior capsule and posteriorly close to the LCL. Since the origins of the LCL and ALL
are closely located, and ALL overlaps the LCL at the lateral epicondyle, careful
dissection should be performed to separate the LCL and ALL. After excision of the
capsule anterior to ALL, the entire ALL can be isolated (Figure 1).

The length of ALL reported in previous studies varied from 30 to 59 mml2L.27.28] A
recent systematic review demonstrated that the length of ALL is typically between 33.0
and 42.0 mm in most studiesi2ll. The length of ALL increased with knee flexion and
tibial internal rotation272°l. The thickness of ALL ranged from 1.0 to 2.5 mm, and the

width of ALL varied between 4.0 and 7.0 mm/2l.

Proximal attachment site: Femoral origin
Another controversial issue regarding the anatomy of the ALL is the exact location of its
femoral origin. This issue arises from the complexity of the close origins of the ALL and
LCL at the lateral epicondyle of the distal femur. Claes et all® described that ALL
originated slightly anterior to LCL. However, in subsequent studies, there were various
descriptions about the femoral origin of ALL, using references to LCL’s femoral origin
or the lateral femoral epicondyle. These studies described the origin of ALL as (1)
proximal and posterior to the lateral femoral epicondylel10.17.2527.29-32]; (2) the center of
the lateral epicondylel?l; or (3) anterior to the LCL femoral originl253334] Recently,
most studies have reported the origin to be proximal and posterior to the lateral
icondyle (Table 1). Even though there are some variations, the current consensus is
that the femoral origin of ALL is typically located proximal and posterior to the lateral

femoral epicondylel2!1.

Distal attachment site: Tibial insertion
Although there are controversies regarding femoral origin of ALL, most studies

agree that the tibial attachment site of ALL is located halfway between Gerdy's tubercle
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and the tip of the fibular head. The tibial insertion site of ALL is approximately 5-10 mm

below the lateral tibial plateaul229].

Meniscal attachment

On the anteroinferior course between the distal femur and proximal tibia, the ALL has a
branch of dense collagen fibers attached to the lateral meniscus at the joint level. Helito
et all35l demonstrated that the meniscal insertion of ALL was located between the
anterior horn and the body of the lateral meniscus (specifically beginning at 36.0% and
ending at 41.9% of the circumference of the lateral meniscus)_and that the mean
attachment length was 5.6 mm. Kosy et all*! demonstrated that an attachment to the
lateral meniscuSévas identified in all 94 cases, wherein ALL was visualized using MRIL
They reported four types of variations of meniscal attachment (complete, central,

bipolar, and inferior-only)l3l.

HISTOLOGY OF THE ALL

Several studies have demonstrated that ALL consists of well-organized dense collagen
fibers, and that its mechanical proaerties resemble those of ligaments/?%]. Redler et all*’]
reported that the ALL consists of dense collagen fibers oriented in the longitudinal and
transverse directions of the fiber bundles. However, Patel et all'”l showed that this
ligamentous characteristic was only observed when ALL was identified as a distinct
ligamentous structure; otherwise, the properties of ALL resembled those of the
anterolateral capsule, suggesting the variability in the microstructural and mechanical
properties of the ALL. Macchi et alB38] reported that ALL is composed primarily of type I
collagen (90%), followed by type III collagen (5%), type IV collagen (3%), and scarce
elastic fibers (1%). Several studies have demonstrated peripheral nerve innervation and

type 1 mechanoreceptors in ALL1838],

IMAGING OF THE ALL

7/15




MRI is the most useful imaging tool for evaluating the ALL and its combined
pathology. MRI evaluation of ALL could be limited due to its complex relationship with
other adjacent structures, small thickness and width, and anatomical variability.
However, most of the previous studies demonstrated relatively high detection rates of
ALL on MRI, which ranged from 51% to 100%[8*]. Although 3.0 T MRI may have
provided greater clarity and visualization, Helito et all*! showed no significant
difference in the detection rate between 1.5 T and 3.0 T MRL

The most useful sequences for evaluating ALL are coronal and axial proton density
sequences with fat saturation. Considering the anteroinferior trajectory of the ALL, it is
easier to identify ALL on coronal images (Figure 2). The lateral inferior genicular artery
is a reproducible landmark for identification of ALLI . On coronal images, this artery is
seen as a small dot and the meniscal attachment fiber of the ALL is easily found
proximal to it. The femoral origin of ALL is not clearly distinguished from that of the
adjacent lateral collateral ligament. Instead, just below the lateral epicondyle, ALL can
be found as a long, thin, low-signal ligamentous structure that runs distally deep into
the ITB and anterior to the LCL. The tibial insertion just distal to the joint line was more
clearly identified than the femoral insertion!#2]. Several studies using MRI have shown a
high rate of ALL in the ACL-injured patients, which ranges between 40% and 80 %[%3].

Identification of the femoral and tibial ALL insertions on plain radiographs may be
helpful for tunnel placement in ALL reconstruction. Several authors have found
radiographic anatomic references on lateral radiographs. Aathough there are some
differences, most studies described that the femoral origin is approximately 50% of the
anteroposterior distance from the posterior femoral cortex and slightly distal (3.7 to 9.0
mm) to the Blumensaat line, and that the tibial insertion is approximately 50% of the

anteroposterior distance from the anterior edge of the tibial plateaul*..

FUNCTION OF THE ALL

Several previous cadaveric and clinical studies have demonstrated that ALL functions

as a secondary stabilizer to ACL when it resists the anterior translation and internal
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rotation of the tibial*l. Although most studies have found important roles of ALL in the
anterolateral rotational stability of the knee joint, some studies have also demonstrated
that it has a limited role in rotational stability[24%l. Therefore, further biomechanical and
clinical studies are needed to clarify the exact role of ALL and its long-term clinical

effects.

CONCLUSION

Sound anatomical knowledge is essential for treating various musculoskeletal
disorders, and pathologic findings can be identified after a thorough understanding of
the normal anatomy has been established. Even though there are some aﬁatomical
variations, most recent anatomical studies agree that ALL exists as a distinct
jgamentous structure on the anterolateral aspect of the knee joint. Typically, ALL
originates from the proximal and posterior to the lateral epicondyle of the distal femur,
and it has an anteroinferior course towards tibial insertion between the tip of the fibular
head and Gerdy’s tubercle below the lateral tibial plateau. Further cadaveric and
imaging investigations are necessary to resolve several controversial issues regarding
the anatomy of ALL, and to establish additional insights for appropriate ALL
reconstruction techniques.
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