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KEY POINTS

e Variability in anatomic terminology, dissection protocols, and the use of embalmed as
opposed to fresh frozen specimens has led to the controversy surrounding the anterolat-
eral structures of the knee.

e The complex anatomy of the anterolateral knee is made up of the many layers of the ilioti-

bial band, the underlying capsule, and its direct attachments to the lateral meniscus.

The iliotibial band is composed of the superficial, middle, deep, and capsulo-osseous

layers.

Collectively these structures are termed the anterolateral complex of the knee.

The anterolateral complex of the knee works synergistically with adjacent meniscal tissue

and meniscal roots to resist internal tibial rotation.

INTRODUCTION

The goal of improving rotatory knee stability in patients undergoing anterior cruciate
ligament (ACL) reconstruction has led to renewed interest in the extra-articular struc-
tures of the anterolateral knee and description of the proposed anterolateral ligament
(ALL)."* Although the principal function of the anterolateral knee structures in resisting
internal tibial rotation is generally accepted, the exact itemized anatomic structures
and their respective contributions to resisting internal tibial rotation remain unclear.®
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In examining the ever-expanding body of literature on the topic, differences in
anatomic terminology have resulted in inconsistency in the orthopedic literature.
Although some experts describe a distinct ligamentous structure at the anterolateral
aspect of the knee, other scientific reports show that the observed resistance to inter-
nal tibial rotation is secondary to a multitude of anterolateral tissues working synergis-
tically.® This confluence of tissues or anterolateral complex (ALC) of the knee is
described in this review.”

THE LAYERS OF THE LATERAL ASPECT OF THE KNEE

The lateral structures of the knee conceptually are often grouped into enveloping
layers. Seebacher and colleagues® grouped the anatomic structures of the lateral
knee into 3 layers, analogous to Warren and Marshall’s description of the medial struc-
tures of the knee.® In contrast to the medial side, the layered individual structures of
the lateral side are more complex and at times difficult to discern.

Layer | consists of the iliotibial band (ITB) and its anterior and posterior expansions.®
Layer Il anteriorly is represented by the retinaculum of the quadriceps (patellar retinac-
ulum). Posteriorly, layer Il is incomplete and is represented by attachments to the
lateral intermuscular septum, posterolateral capsule, and lateral head of the gastroc-
nemius. Layer Il is chiefly composed of the tibiofemoral joint capsule, which posterior
to the ITB divides into a superficial and deep layer. Housed between the superficial
and deep capsular layers is the lateral collateral ligament (LCL), and medial to it, the
inferior lateral geniculate artery.® The superficial capsular layer terminates posteriorly
when it meets the fabellofibular ligament, and the deep layer forms the coronary liga-
ments to the lateral meniscus and then blends with the arcuate ligament further
posteriorly.® 10

THE ANTEROLATERAL COMPLEX

Anterolaterally from superficial to deep the knee is enveloped by the ITB with its asso-
ciated deeper layers, and the joint capsule. Collectively, these structures are termed
the ALC.” The dominant structure encountered is the ITB and although appearing
as a simple thick band of tissue attaching to the Gerdy tubercle, the ITB is in fact com-
plex and composed of a multitude of layers.

THE SUPERFICIAL AND MIDDLE LAYERS OF THE ILIOTIBIAL BAND

The superficial layer of the ITB proximally is firmly adhered to the linea aspera via con-
nections to the lateral intermuscular septum.” Distally, the anterior aspect of the su-
perficial layer is identified by its characteristic curved fibers attaching to the lateral
patella and patellar tendon.’" These “arciform fibers,” which blend with the fascia of
the patella, were first described by Kaplan'? and run at 70° to 80° compared with fibers
heading toward the Gerdy tubercle. In the literature, the anterior fibers of the super-
ficial layer of the ITB have also been termed the “iliopatellar band” or “superficial obli-
que retinaculum.”'®'* The central fibers of the superficial layer distally insert in a
fanlike fashion on and around the Gerdy tubercle* (Fig. 1). Further posteriorly, the su-
perficial layer terminates as a fascia that reinforces the biceps femoris.®'#

Immediately deep and directly adherent to the superficial layer is the middle layer of
the ITB, which can be identified only with careful sharp dissection and serves to rein-
force the structural integrity of the superficial layer.'* The middle layer can be identi-
fied by its characteristic fibers, which run from lateral proximal to medial distal, which
is in contrast to the vertical nature of the superficial ITB fibers.'*
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Anterolateral Complex of the Knee

Fig. 1. The superficial iliotibial band (sITB) and posterior to this, the fascia of the biceps fem-
oris (BF) muscle are depicted. Anterior to the sITB the iliopatellar band (IPB) inserts on the
lateral patella and patellar tendon (PT). At 90° of knee flexion, the posterior part of the sITB
becomes folded. GT, Gerdy tubercle. (From Herbst E, Albers M, Burnham JM, et al. The ante-
rolateral complex of the knee: a pictorial essay. Knee Surg Sports Traumatol Arthrosc
2017;25(4):1010; with permission.)

THE DEEP LAYER OF THE ILIOTIBIAL BAND

The deep layer of the ITB lies posterior and medial to the superficial and middle layers.
Its origin is at the lateral femoral supracondylar area and stretches approximately 6 cm
proximally, just distal to the end of the lateral intermuscular septum.'* Reflection of the
superficial layer will reveal the deep layer of the ITB fanning out in the coronal plane
and curving distally before becoming confluent with the aforementioned superficial
and middle layers distally.

Close examination of the fibers, which make up the origin of deep layer of the ITB
from distal to proximal, reveals discrete thickening in the supracondylar region. These
deep fibers just distal to the intermuscular septum and in close proximity to the
traversing superior geniculate vessels are termed the Kaplan fibers.'® This deep fem-
orotibial connection of the ITB was also described by Lobenhoffer and colleagues,'®
as they noted a distinct set of transverse running ITB fibers just distal to the intermus-
cular septum that were followed even farther distally by “retrograde fiber tracts,”
which traversed from the Gerdy tubercle back to the femur in a more arcuate fashion.

THE CAPSULO-OSSEOUS LAYER OF THE ILIOTIBIAL BAND

The capsulo-osseous layer of the ITB is considered a distinct layer by some, whereas
other studies report it to be an indistinguishable component of the deep layer*6:10-14.16
(Fig. 2). Nonetheless, given its unique structure and proposed function, it deserves
specific mention. The capsulo-osseous layer of the ITB is located more posteriorly
compared with those that run superficial to it. At its posterior margin, the capsulo-
osseous layer is continuous with the fascia of the gastrocnemius and plantaris mus-
cles.'* Posteriorly, there is also an attachment of the short of biceps femoris, which
Terry and LaPrade'” termed the biceps-capsulo-osseous iliotibial tract confluens.
Distally, the capsulo-osseous layer inserts posterior to and distal to the Gerdy
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Fig. 2. Posterior reflection of the sITB and blunt dissection between the deep ITB (black
arrow) and the anterolateral capsule reveals the capsulo-osseous layer (black arrowhead).
In close proximity to branches of the superior genicular artery (white arrowhead), the
Kaplan fibers (KF) can be seen originating from the distal femoral metaphysis and lateral
supraepicondylar region (asterisk shows the accessory fiber bundles of the KF). (From Herbst
E, Albers M, Burnham JM, et al. The anterolateral complex of the knee: a pictorial essay. Knee
Surg Sports Traumatol Arthrosc 2017;25(4):1011; with permission.)

tubercle, and proximally its origin is located on the lateral supraepicondylar region
bordering the lateral epicondyle. As it runs to its aforementioned insertion, the
capsulo-osseous layer lies immediately superficial to the anterolateral capsule of
the knee joint.

THE ANTEROLATERAL CAPSULE

The lateral capsulo-ligamentous architecture has been described by Hughston and
colleagues'® and is divided into the anterior, middle, and posterior thirds. The struc-
tures of the anterior third include the capsule and overlying quadriceps retinaculum,
stretching from the lateral border of the patella and patellar tendon to the anterior
border of the superficial ITB. The superficial ITB and the layers deep to it, including
the joint capsule, form the middle third capsular layer, which extends posteriorly to
the anterior border of the LCL. The joint capsule of the knee naturally thickens to sta-
bilize the lateral meniscus in the form of the meniscotibial and meniscofemoral liga-
ments'®2° (Fig. 3). This middle third layer is anchored proximally at the femoral
epicondyle and distally at the tibial joint line. The posterior third structures, which
include the LCL, arcuate ligament, popliteus, and underlying joint capsule, are collec-
tively termed the arcuate complex.'®

THE “ANTEROLATERAL LIGAMENT”

The anatomic description of the ALL has varied in the literature. Claes and colleagues’
described the ALL as a discrete ligament with attachments to the lateral meniscus,
originating from the lateral femoral epicondyle and inserting just distal to the tibial joint
line between the fibular head and Gerdy tubercle. In contrast, the ALL also has been
described as a distinctly extracapsular structure originating 8.0 mm proximal and
4.3 mm posterior to the lateral epicondyle coursing superficial to the LCL with no direct
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Fig. 3. A thickening of the lateral knee capsule forms the coronary ligament, which is made
up of the meniscofemoral (asterisks) and meniscotibial (double asterisks) ligaments. Medial
to the coronary ligament, the inferior genicular artery (white arrowhead) runs anteriorly.
(From Herbst E, Albers M, Burnham JM, et al. The anterolateral complex of the knee: a picto-
rial essay. Knee Surg Sports Traumatol Arthrosc 2017;25(4):1012; with permission.)

attachments to the lateral meniscal rim.2" This is contrary to alternate descriptions of
the ALL as a thickening of the anterolateral capsule with an origin that is anterior and
distal to the femoral epicondyle.?? In a recent MRI study on human cadaveric speci-
mens, such a thickening of the anterolateral capsule was identified in only 3 of 10
specimens. As measured on 3T MRI, the thickness of the anterolateral capsule at
its greatest dimension never exceeded 3.3 mm?® (Fig. 4). The overall prevalence of
a capsular thickening or “ALL” has been reported to be from 12.5% to 100% in fresh
frozen cadaver knee specimens in the recent literature.®23-2°

When comparing the proposed locations of the ALL with classic literature, it may be
possible that investigators are referring to either the capsulo-osseous layer of the ITB
or the mid-third capsular ligament, as described by Hughston and colleagues.’® Terry
and colleagues'®'” described the capsulo-osseous layer of the ITB, which “acts as an
anterolateral ligament of the knee,” particularly as the knee approaches extension.
This capsulo-osseous layer along with portions of the deep layer is what is likely the
ligamentum femoro-tibiale laterale anterius described by Miiller,?” the “retrograde fi-
ber tracts” of Lobenhoffer and colleagues’® or what Hassler and Jakob?® described
as the ligamentum tractotibiale. The anatomic descriptions of these fiber tracts of
the ITB (from lateral supraepicondylar to an area posterior to the Gerdy tubercle)
would be in line with some of recent descriptions of the ALL.?"?® However, none of
the recent studies described the proximal continuity of these fiber tracts with the fas-
cia of the lateral gastrocnemius and plantaris muscles.'

When compared with the deep and capsulo-osseus layer of the ITB, the anterolateral
capsule provides little restraint to internal tibial rotation.®*° Biomechanical data have
shown that the anterolateral capsule does not effectively transmit forces longitudinally
between the tibia and femur like a ligament, but rather functions as sheet of fibrous tis-
sue and aids in dissipating forces to neighboring structures.®' During robotic pivot shift
testing using human cadaveric specimens, the anterolateral capsule experiences
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Fig. 4. Predissection coronal T2 MRI depicting a fresh-frozen cadaveric specimen with thick-
ening of the lateral capsule and accompanying measurements. Measurements documented
the thickness (in a medial-lateral plane) of the thickening proximally (measured at the caudal
margin of the sulcus for the popliteus insertion), in the midportion (measured at the mid-
meniscus level) and distally (measured at the level of the subchondral plate of the lateral tibial
plateau). On this specimen, measurements equaled: proximal, 3.2 mm; midportion, 2.9 mm;
and distal, 3.2 mm. (From Dombrowski ME, Costello JM, Ohashi B, et al. Macroscopic
anatomic, histologic and magnetic resonance imaging correlation of the lateral capsule of
the knee. Knee Surg Sports Traumatol Arthrosc 2016;24(9):2856; with permission.)

relatively low in situ forces compared with the ACL and overlying anterolateral tissues.*°
Although a thickening of the capsule anterolaterally can be appreciated in 30% to 40%
of cases, biomechanical studies have shown its stiffness and ultimate load is much
lower than comparable capsular tissue from the posteromedial aspect of the knee.®
This is contrary to what would be expected if ligamentous tissues were present. This
suggests that the capsule instead works synergistically with the layers of the ALC, adja-
cent meniscal tissue, and meniscal roots to control rotatory knee instability.>32:33

SUMMARY

The anatomy of the ALC is multifaceted and conceptually can be divided into the su-
perficial, middle, deep, and capsulo-osseous layers of the ITB, which overlie the ante-
rolateral joint capsule, including the mid-third capsular ligament. Collectively, these
structures form the ALC of the knee, which in conjunction with the ACL is believed
to be important in preventing anterolateral rotatory instability. Future large-scale clin-
ical studies will be necessary to better understand the multiple factors that influence
anterolateral rotatory knee instability. As our knowledge of the anterolateral structures
of the knee develops, the goal continues to be improved diagnosis and treatment of
complex knee injuries. Ultimately, the goal will be improved outcomes for patients
with rotatory instability secondary to ACL injury.
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