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SA-CME LEARNING OBJECTIVES

After completing this journal-based SA-CME
activiry, participants will be able to:

m Identify the major anatomic structures
of the PLC of the knee.

m Discuss the biomechanics of the PLC
and the consequences of unrecognized
injuries.

m Correctly diagnose injuries of the PLC.

See www.rsna.orgleducation/search/RG.

Although rare, posterolateral corner (PLC) injuries can result in
sustained instability and failed cruciate ligament reconstruction if
they are not diagnosed. The anatomy of the PL.C was once thought
to be perplexing and esoteric—in part because of the varying no-
menclature applied to this region in the literature, which added
unnecessary complexity. More recently, three major structures have
been described as the primary stabilizers of the PL.C on the basis of
biomechanical study findings: the lateral collateral ligament, poplit-
eus tendon, and popliteofibular ligament. An understanding of the
anatomic relationships of these structures with each other and with
the surrounding osseous structures is invaluable for improving the
diagnostic accuracy of magnetic resonance (MR) imaging in the
detection of PL.C injuries and allowing a structured and systematic
approach when interpreting the imaging findings. The majority

of PL.C injuries do not occur in isolation and are part of a more
complex injury pattern that typically involves other vital support-
ing structures such as the cruciate ligaments, menisci, and medial
ligamentous structures. Therefore, imaging has an ever-increasing
role in the recognition of these injuries, as the clinical findings may
be difficult to interpret adequately owing to synchronous injuries
that dominate the physical examination findings. Furthermore, the
diagnosis of acute high-grade PLC injuries is critical because early
and aggressive treatment, for which surgical reconstruction is often
required, leads to improved long-term outcomes and the prevention
of persistent instability that would otherwise result in varus thrust
gait, chronic pain, and accelerated cartilage damage.

©RSNA, 2016 » radiographics.rsna.org

Introduction
The posterolateral corner (PLC) was once regarded as the “dark side
of the knee” owing to the complex and variable anatomy super-
imposed on the inconsistent terminology used in the literature to
describe the structures in this region. Although infrequent, injuries
to the PLC can lead to devastating consequences, including chronic
knee instability, cartilage damage, and failed cruciate ligament re-
construction, if they are not detected. Timely diagnosis and surgical
intervention are imperative for improving long-term outcomes.

The increased awareness and recognition of these previously elusive
injuries can be attributed to recent studies in which the fine anatomic
detail of this region was elucidated and defined, as well as advance-
ments in imaging. In this article, we review the anatomy, biomechan-
ics, imaging appearances, and injury patterns of the PLC in hopes of
demystifying this region of the knee.
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TEACHING POINTS

B The structures of the PLC are primarily responsible for resisting
varus angulation—sometimes referred to as varus rotation—
and external tibial rotation. They act as secondary stabilizers,
in conjunction with the cruciate ligaments, to prevent ante-
rior and posterior translation during the early phase of flexion
(0°-30°).

B Rarely seen in isolation, the majority of high-grade PLC injuries
are associated with concomitant cruciate ligament tears, as
well as meniscal tears and injuries to the medial ligamentous
structures.

B |n studies to evaluate the outcomes of nonsurgical manage-
ment with early mobilization in patients who sustained PLC
injuries, good results were reported for those patients with
grade | and grade Il LCL injuries.

B The ramifications of undiagnosed grade Ill PLC injury include
not only recurrent instability and accelerated osteoarthritis but
also failed anterior cruciate ligament reconstruction due to in-
creased graft forces caused by loading.

B Certain osseous injuries provide diagnostic clues to an under-
lying PLC injury that alert the radiologist to closely inspect this
region. Avulsion fractures of the fibular head, often referred
to as arcuate fractures or the arcuate sign, occur at the various
insertion sites of the PLC components.

Biomechanics,

Anatomy, and Injuries of the PLC
The structures of the PL.C are primarily respon-
sible for resisting varus angulation—sometimes
referred to as varus rotation—and external tibial
rotation. They act as secondary stabilizers, in
conjunction with the cruciate ligaments, to pre-
vent anterior and posterior translation during the
early phase of flexion (0°-30°) (1,2).

Initially, the lateral supporting structures of
the PL.C were divided into three layers (3): The
superficial layer was described as consisting of
the iliotibial band, its anterior expansion, and the
biceps femoris. The middle layer was described as
comprising the lateral patellar retinaculum, the two
patellofemoral ligaments, and the patellomeniscal
ligament. Finally, the deep layer was described as
being composed of the lateral capsule, lateral collat-
eral ligament (LCL), coronary ligament (ie, lateral
meniscotibial ligament), arcuate ligament, poplit-
eus muscle-tendon unit, popliteofibular ligament
(PFL), and fabellofibular ligament.

Our understanding of the PL.C has since
evolved such that the focus is now on individual
structures that work both in isolation and in
concert to provide static and dynamic stability
to the joint, rather than on structures that are
grouped into anatomic compartments. There-
fore, to simplify this complex anatomy, we
herein describe the most critical structures of
the PLC, with an emphasis on the three main
stabilizers: the LCL, popliteus tendon, and PFLL
(Fig 1) (4,5).The interplay and complemen-
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Figure 1. Computer-generated illustrations show the com-
ponents of the PLC with the biceps femoris (BF) removed
(a) and retained (b).The popliteus muscle (P) is the deepest
structure, with its tendon coursing under the medial (mAr)
and lateral (/Ar) limbs of the arcuate ligament, the fabello-
fibular ligament (ffl), and the LCL to insert onto the femur.
The PFL () originates from the myotendinous junction of the
popliteus tendon and inserts onto the medial aspect of the
fibular styloid process.

tary roles of the tendons and ligaments of the
PLC are largely due to their anatomic relation-
ships and the close proximity of their insertions
onto the fibular head (6); this anatomy is best
illustrated in Figure 2. An injury to any one
structure alters the synergistic interactions of
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the components of the PLC and diminishes the
ability of the knee to resist varus and external
rotational forces.

Lateral Collateral Ligament

The LCL, or fibular collateral ligament, is the
primary static restraint to varus stress on the knee
and has a secondary role of limiting external rota-
tion, particularly during the early phase of flexion,
which peaks at 30° (7). LaPrade and Terry (8) re-
ported injuries of the LCL in 23% of patients who
had posterolateral rotational instability at the time
of surgery. The LCL, an extracapsular structure,
originates from a small osseous depression that

is located, on average, 1.4 mm proximal and 3.1
mm posterior to the lateral femoral epicondyle and
immediately anterior to the femoral attachment of
the lateral head of the gastrocnemius tendon (5).
It extends distally in a posteriorly directed fashion
to insert onto the lateral aspect of the fibular head,
anterior and distal to the fibular styloid process,
and it may merge with the distal biceps femoris
tendon to form a conjoined structure.

At magnetic resonance (MR) imaging, the LCL
is consistently seen as a low-signal-intensity band
coursing from the lateral aspect of the distal femur
to the lateral aspect of the proximal fibula (Figs
3, 4). Although the J-shaped bursa interposed
between the LCL and distal biceps femoris tendon
is described in cadaveric studies, it is not readily
visualized with imaging (9). Injuries, however, are
well depicted with MR imaging (Fig 5). They are
typically best characterized in the axial and coro-
nal planes and include soft-tissue avulsions from
the femoral and fibular attachment sites; complete
or partial intrasubstance tears; periligamentous
edema resulting from a sprain; osseous avulsion
from the fibular head; and, in the setting of a
chronic injury, thickening of the ligament.

Popliteus Musculotendinous Complex
The popliteus musculotendinous complex—con-
sisting of the popliteus tendon, popliteus muscle,
and PFL—provides dynamic and static resis-
tance to external rotation, assuming a major role
with higher degrees of knee flexion, and acts as

a secondary restraint to posterior translation in
support of the more dominant posterior cruciate
ligament (10,11).

The popliteus muscle arises from the postero-
medial aspect of the proximal tibia, above the
soleal line, forming a tendon as it ascends laterally.
The popliteus tendon runs deep to the arcu-
ate and fabellofibular ligaments, enters the joint
through the popliteal hiatus, and courses under
and anterior to the LCL to insert onto the anterior
fifth portion of the popliteus sulcus of the lateral
femoral condyle (5,12,13).This tendon often

radiographics.rsna.org
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Figure 2. Computer-generated illustration of the proximal
tibia and fibula, with the femur removed, demonstrates the in-
sertions of the ligaments and tendons of the PLC. The short
head of the biceps femoris tendon divides into an anterior arm
(a$B), which attaches to the lateral tibial condyle, and a direct
arm (dSB), which inserts onto the fibula. The LCL is centrally
located, with the anterior (aLB) and direct (dLB) arms of the long
head of the biceps femoris tendon attaching onto the lateral
aspect of the fibular head. The PFL, arcuate ligament (Arc), and
fabellofibular ligament (FF) attach to the fibular styloid process.

Figure 3. Normal LCL in a 24-year-old man. Coronal proton-
density-weighted MR image shows the LCL (arrow) extend-
ing from just posterior to the femoral epicondyle to the lateral
aspect of the fibular head, where it merges with the biceps
femoris tendon. The popliteus tendon (arrowhead) underlies
the LCL at the level of the popliteus sulcus.

consists of two bundles: a posterior bundle, which
is taut in extension, and an anterior bundle, which
is taut in flexion (14). The tendinous portion,
which is typically readily identified on MR images,
is hypointense, and the muscular component is
intermediate in signal intensity (Figs 3, 4). Inju-
ries may occur along any portion of the popliteus
musculotendinous complex (Fig 6) but most
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commonly involve the myotendinous junction and
are classified as strains, partial tears, or complete
tears (15). Imaging has a vital role in the diagnosis
and treatment management of high-grade myoten-
dinous injuries of the popliteus musculotendinous
complex owing to inherent difficulties in visualiz-
ing this region with arthroscopy and the challenge
in detecting these injuries clinically, since they are
commonly associated with a complex PL.C injury
that often “clouds” the clinical picture. Avulsion
of the tendon at the femoral attachment can oc-
cur, and the presence or absence of an attached
osseous fragment should be reported, as this may
alter the surgical technique used. A cyamella, a
rare sesamoid bone found in the popliteus tendon,
should not be mistaken for an avulsion fracture or
fabella (16).

Ligamentous fascicles (ie, popliteomeniscal
fascicles) connect the popliteus tendon to the
posterior horn of the lateral meniscus, form-
ing portions of the popliteal hiatus and limiting
excessive motion of the lateral meniscus during

Rosas 1779

Figure 4. Normal LCL
in a 21-year-old man.
Consecutive axial T2-
weighted fat-sup-
pressed MR images
show the normal course
and MR imaging appear-
ance of the LCL (straight
arrow), biceps femoris
tendon (arrowhead),
and popliteus tendon
(wavy arrow in b-d).
The origin of the LCL is
immediately anterior to
the femoral attachment
of the lateral head of the
gastrocnemius  tendon
(curved arrow in a).

knee extension (17,18). Although debate regard-
ing the exact number of popliteomeniscal fasci-
cles continues, the posterosuperior and anteroin-
ferior fascicles are routinely identified on sagittal
MR images (Fig 7), forming the roof and floor of
the popliteal hiatus, respectively (19). Disruption
of the posterosuperior popliteomeniscal fascicle
(Fig 7b) has a reported positive predictive value
of 79%—-100% in the diagnosis of arthroscopi-
cally confirmed tears of the posterior horn of the
lateral meniscus (20).

Originating from the popliteus tendon just
proximal to the myotendinous junction and
inserting onto the anterior downslope of the
medial aspect of the fibular styloid process, the
PFL is a stout tendinous band that has recently
garnered increased attention because of its
role as a major stabilizer of the PLC (21-23).
Despite being identified in 93%—-100% of ca-
daveric specimens and having a cross-sectional
area similar to that of the popliteus tendon, the
PFL remains deceptively difficult to visualize
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Figure 5. Injuries of the LCL. (a, b) Coronal pro-
ton-density-weighted (a) and axial T2-weighted (b)
fat-suppressed MR images in a 19-year-old female
soccer player show an intact LCL (straight arrow)
with periligamentous edema (curved arrow in b),
which is consistent with a strain (ie, grade | injury).
(c, d) Coronal proton-density-weighted (c) and
axial T2-weighted (d) fat-suppressed MR images
in a 28-year-old man show a partial tear (ie, grade
Il injury) of the LCL (arrow), as evidenced by the
increased intrasubstance signal intensity and indis-
tinctness of the anterior fibers of the proximal por-
tion of the ligament (arrowhead in d). (e) Coronal
proton-density-weighted fat-suppressed MR image
in a 25-year-old man shows complete tears (grade
Il injuries) of both the LCL (arrow) and the biceps
femoris tendon (arrowhead), which are avulsed
from the fibula.

radiographics.rsna.org
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Figure 6. Popliteus injuries. (a, b) Coronal proton-density-weighted (a) and axial T2-weighted (b) fat-sup-
pressed MR images in a 17-year-old boy show a popliteus muscle strain, with intramuscular edema (arrow in a)
extending to the myotendinous junction (arrow in b). (¢, d) Coronal proton-density—weighted fat-suppressed
MR images in a 31-year-old man show a more severe injury involving the myotendinous junction of the poplit-
eus (arrow in ©), in addition to a partial tear at the insertion of the popliteus tendon (arrowhead in d). The patient
also sustained a partial tear at the origin of the LCL (curved arrow in d).

with conventional knee MR imaging sequences
(4,23).Yu et al (24) reported increased visual-
ization of the PFL, from 8% to 53% of cases,
with use of a coronal oblique plane oriented
perpendicular to the popliteus tendon, com-
pared with visualization of this ligament with
use of standard coronal MR imaging sequences.
In a more recent study, the use of an isotropic
three-dimensional water excitation double-echo
steady-state MR imaging sequence, as compared
with a coronal oblique T2-weighted fat-satu-
rated MR imaging sequence, improved visualiza-
tion of the PFL from 71% to 91% of cases (25).
However, these MR imaging sequences are not

routinely used in practice. In our experience,
this ligament is best assessed in the coronal (Fig
8) and sagittal planes, deep to the inferior lateral
genicular vessels.

Injuries to the PFL seen on MR images in-
clude avulsions from the fibular styloid process;
partial tears, which typically appear as increased
intrasubstance or peritendinous signal intensity
(Figs 8, 9); and ligament disruption. Results
during biomechanical testing demonstrated a
predictable pattern of sequential failure of the
three major stabilizers of the PL.C, with com-
promise of the LCL, followed by the PFL, and
finally the popliteus tendon. In the setting of a
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Figure 7. Popliteomeniscal fascicles. (a) Sagittal T2-weighted fat-suppressed MR image in a 25-year-old man shows
the normal posterosuperior (straight arrow) and anteroinferior (arrowhead) popliteomeniscal fascicles forming the
roof and floor of the popliteus hiatus, respectively. The popliteus tendon (curved arrow) is seen as it begins its course
into the hiatus. (b) Sagittal T2-weighted fat-suppressed MR image in a 33-year-old man shows a torn posterosuperior
popliteomeniscal fascicle (straight arrow). This injury has a high association with tears involving the posterior horn of
the lateral meniscus. The patient also suffered an anterior cruciate ligament injury (not shown), with associated “kiss-

ing” contusions (wavy arrows) involving the lateral femoral condyle and posterior aspect of the lateral tibial plateau.

a.

b.

Figure 8. Normal PFL and PFL tear. (a) Coronal proton-density-weighted fat-suppressed MR image
in a 27-year-old woman shows an intact PFL (arrow) extending from the myotendinous junction of the
popliteus to the medial aspect of the fibular styloid process. (b) Coronal proton-density-—weighted fat-
suppressed MR image in a 20-year-old man shows, in contrast, increased intrasubstance signal intensity

within the PFL (arrow) and surrounding soft-tissue edema, which are consistent with a partial tear.

ruptured PFL, surgical reconstruction is cur-
rently advocated to restore normal tibiofemoral
stability and kinematics.

Arcuate and Fabellofibular Ligaments

The presence, size, and contributions of the arcu-
ate and fabellofibular ligaments are inversely re-
lated. Their detection at cadaveric dissection and
MR imaging is quite variable, making recognition
of injuries a diagnostic challenge. Arcuate and fa-
bellofibular ligaments appear as thin hypointense
bands on MR images (Fig 10), and the use of a
coronal oblique plane can substantially improve
visualization. Increases in the visualization of

these ligaments to nearly 50% of cases have been
reported (24).

The arcuate ligament can be viewed as a
thickening or reinforcement of the posterolateral
capsule (26,27). It has an inverted Y configura-
tion, with the medial and lateral limbs attaching
to the apex of the fibular styloid process, just
lateral to the PFL. The lateral (upright) limb runs
superiorly along the joint capsule on its way to the
lateral femoral condyle. The medial, or arcuate,
limb courses in a superomedial direction, crossing
over the popliteus tendon to merge with the pos-
terior capsule and oblique popliteal ligament. The
identification of at least one limb in 48%—71% of
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Figure 9. Avulsed PFL in a 19-year-old man. (a, b) Sagittal T2-weighted (a) and coronal proton-density—
weighted (b) fat-suppressed MR images show avulsion of the PFL (arrow), with associated underlying bone
marrow edema (arrowhead) along the medial aspect of the fibular styloid process. (c) Sagittal T2-weighted
fat-suppressed MR image demonstrates a concomitant injury to the posterior cruciate ligament (arrow) with
a large attached avulsed fracture fragment (arrowhead.) PLC injuries are commonly associated with injuries
to other stabilizing structures, particularly the cruciate ligaments. (d) Lateral radiograph better depicts both
the small avulsion fracture off the fibular styloid process (ie, arcuate fracture) (arrow) at the insertion site of
the PFL and the tibial avulsion fracture (arrowhead) at the insertion site of the posterior cruciate ligament.

specimens has been reported in cadaveric studies
(4,13,28). Interestingly, the lateral limb is more
commonly seen in the absence of the fabella; the
converse is true for the medial limb.

The fabellofibular ligament appears as a focal
thickening of the distal edge of the capsular arm
of the short head of the biceps femoris muscle. It
originates from the lateral margin of the fabella
(Fig 11) or in the absence of a fabella, from the
posterior aspect of the supracondylar process of
the femur (28). Regardless of its origin, it runs
vertically, parallel to the LCL, to insert onto the
tip of the fibular styloid process, lateral to the at-
tachment of the PFL and posterior to the attach-
ment of the biceps femoris tendon.

Even when they are present, the arcuate and
fabellofibular ligaments are difficult to visualize
on MR images (13). On axial and sagittal MR
images, the arcuate ligament may appear as a thin
low-signal-intensity structure coalescing with the
posterolateral capsule and located deep to the infe-
rior lateral genicular artery, overlying the popliteus
tendon (Fig 10). The ligament is typically more
conspicuous on non—fat-saturated MR images, as
it is surrounded by adipose tissue. Injury can be in-
ferred if one identifies an area of increased pericap-
sular signal intensity surrounding the posterolateral
capsule on fat-suppressed fluid-sensitive MR
images. With more severe injuries, disruption of the
posterolateral capsule may be identified (Fig 12).



RadioGraphics

1784 October Special Issue 2016

b.

radiographics.rsna.org

C

Figure 10. Arcuate and fabellofibular ligaments in a 22-year-old man. (a) Sagittal T2-weighted fat-sup-

pressed MR image shows the lateral inferior genicular vessels (curved arrow) coursing between the arcuate
(straight arrow) and fabellofibular (arrowhead) ligaments. These vessels serve as an important landmark for
localizing these ligaments. The popliteus tendon (x) also can be seen. (b) Axial T2-weighted fat-suppressed
MR image obtained just above the joint line demonstrates the normal cross-sectional anatomy of the PLC
of the knee. Ar = arcuate ligament, BF = biceps femoris tendon, FFL = fabellofibular ligament, LHG = lateral
head of the gastrocnemius muscle, PT = popliteus tendon. (c) Sagittal proton-density—weighted non-fat-
suppressed MR image lateral to the image in a shows the arcuate (arrow) and fabellofibular (arrowhead)
ligaments coursing posterior to the popliteus tendon (). These ligaments are often more conspicuous on
non-fat-suppressed MR images, as they are surrounded by adipose tissue.

Assessing the integrity of the fabellofibular
ligament is quite challenging and at times not
possible. At MR imaging, the ligament is best
seen in the coronal or sagittal plane posterior to
the arcuate ligament and inferior lateral genicular
vessels (Figs 10, 11). On axial MR images, the
ligament is seen immediately anterior to the lateral
head of the gastrocnemius tendon. The injury
patterns seen on MR images (Figs 12, 13) include
those of avulsion from the fibular styloid process,
partial- and complete-thickness tears, and strains.
These injuries often occur in conjunction with an
avulsion injury of the direct arm of the short head
of the biceps femoris tendon (29).

Biceps Femoris Tendon

Although the biceps femoris tendon is not
always included in discussions of the PL.C, it de-
serves mention because it is commonly involved
in PLC injuries. The biceps femoris tendon
consists of two heads: the long head, which
arises from the ischial tuberosity, and the short
head, which originates off the lateral prolonga-
tion of the linea aspera of the femur. Distally,
both heads are composed of at least two tendi-
nous components, a direct arm and an anterior
arm, which can be distinguished on MR images
in up to 71% of cases (13). The arms of the long
head insert onto the anterior and posterolateral
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Figure 11. Fabellofibular ligament in a 32-year-old man. Reconstructed coronal (a) and sagittal (b) proton-
density-weighted MR images show the fabellofibular ligament (arrow) extending from the fabella (F) to the
fibular styloid process. The lateral inferior genicular artery (arrowhead in b) is seen just deep to the ligament.

a. b.

Figure 12. Arcuate ligament injuries. (a) Sagittal
T2-weighted fat-suppressed MR image in a 28-year-
old man shows soft-tissue edema (straight arrow)
along the PLC, behind the popliteus tendon (ar-
rowhead) surrounding the lateral inferior genicular
artery (curved arrow) in the anatomic location of
the arcuate and fabellofibular ligaments. (b) Axial
T2-weighted fat-suppressed MR image in the same
patient shows the arcuate ligament (curved arrow),
which is discontinuous (arrowhead) just posterior
to the popliteus tendon (straight arrow). (c) Axial
T2-weighted fat-saturated MR image in a 23-year-
old man who has partial tearing of the arcuate (Ar)
and fabellofibular (FFL) ligaments. In this case, the
ligaments are intact, with increased intrasubstance
signal intensity and periligamentous edema. BF =
biceps femoris tendon, LHG = lateral head of the
gastrocnemius muscle, PT = popliteus tendon.

c.

short head inserts onto the anteromedial aspect
aspects of the fibular head, with the anterior of the fibular head, while the anterior arm passes
arm sending fibers that continue distally as the medially to the LCL to attach to the superolat-

anterior aponeurosis. The direct arm of the eral edge of the lateral tibial condyle.
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Figure 13. Ruptured
fabellofibular  ligament
in a 31-year-old woman.
Serial axial T2-weighted
fat-suppressed MR im-
ages show the proxi-
mal fabellofibular liga-
ment (arrowhead in b
and ¢) originating from
the fabella (F). At the
level of the joint line,
the fabellofibular liga-
ment is no longer visu-
alized (arrowhead in d)
where there is soft-tissue
edema along the PLC of
the knee and focal dis-
ruption of the arcuate
ligament (arrow in d).

At MR imaging, several tendon slips of the
biceps femoris tendon can appear to represent a
single unit and potentially merge with the distal
LCL to form a conjoined structure. Coronal
and axial MR images best depict injuries to the
biceps femoris tendon, which include tendinous
and osseous avulsion from the fibular head; tears
of the myotendinous junction; and more subtle
partial tears, which have intrasubstance or peri-
tendinous high signal intensity on fluid-sensitive
MR images (Figs 5, 14).

Mechanisms of Injury, Clinical Features,
and Management of PLC Injuries

Injuries of the PLC are relatively uncommon,
occurring in approximately 16% of all knee in-
juries (30). They are most commonly the result
of a posterolaterally directed blow to the an-
teromedial aspect of the proximal tibia with the

radiographics.rsna.org

knee in full extension (31). Other less common
mechanisms include posterior rotatory disloca-
tion (dashboard injury), anterior rotatory dislo-
cation, and hyperextension injury with external
rotation (32).

Rarely seen in isolation, the majority of
high-grade PLC injuries are associated with
concomitant cruciate ligament tears, as well as
meniscal tears and injuries to the medial liga-
mentous structures. Fanelli and Larson (33)
reported coexisting PL.C injuries in 62% of
patients with acute posterior cruciate ligament
tears; one should be cognizant of this relationship
when interpreting MR imaging findings. Current
treatment algorithms are largely based on injury
grade, chronicity, and concurrent injuries.

The most common PLC injury classification
system, originally proposed by Hughston et al (34),
is based on the degree of varus instability at clinical
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Figure 14. Biceps femoris tendon. (a) Coronal proton-density-weighted MR image in a 17-year-old
girl shows the normal imaging appearance of the distal biceps femoris tendon (arrow). (b) Coro-
nal proton-density-weighted fat-suppressed fluid-sensitive MR image in a 22-year-old man shows in-
creased intrasubstance signal intensity and disruption (arrow) of a portion of the fibers of the distal
biceps femoris tendon, which are consistent with a partial-thickness tear. Figure 5e shows an avulsed

distal biceps femoris tendon.

examination. Grade I injuries are mild sprains that
manifest with focal pain along the posterolateral
joint line and no clinical findings of laxity (0—5 mm
of motion with a definite end point). In compari-
son, grade II injuries are the result of partial tears
and involve mild laxity, which is typically char-
acterized as 6-10 mm of motion and a defined

end point. Grade III injuries occur with complete
rupture of the capsule-ligamentous structures and
involve marked joint laxity (>10 mm of motion),
with no appreciable end point detected. The degree
of rotational instability is assessed by using the dial
test, in which a side-to-side comparison is made

to document differences in the thigh-foot angle
(10,11).To perform the test, the foot is externally
rotated with the knee placed in both 30° and 90° of
flexion. At 30° of flexion, increased external rota-
tion of the injured side with an angle difference of
10° or greater compared with the uninjured knee
indicates an underlying PL.C injury. If the injury is
isolated to the PLC, the test will be positive only

at 30° of flexion. If, however, increased external
rotation persists with the knee positioned at 90° of
flexion, then a combined PL.C—posterior cruciate
ligament injury is present.

In studies to evaluate the outcomes of nonsurgi-
cal management with early mobilization in patients
who sustained PLC injuries, good results were
reported for those patients with grade I and grade
II LCL injuries (35,36). Despite having residual
laxity, the patients with grade II injuries responded
well to conservative management and did not

develop radiographic findings of posttraumatic
osteoarthritis at a mean follow-up period of 8 years.
Conversely, the patients with grade III injuries had
poor functional outcomes, persistent instability,
and an increased incidence of osteoarthritis in the
medial and lateral compartments (35,36).

The ramifications of undiagnosed grade III
PLC injury include not only recurrent instabil-
ity and accelerated osteoarthritis but also failed
anterior cruciate ligament reconstruction due to
increased graft forces caused by loading (37-40).
Therefore, surgical treatment is advocated for
patients who have isolated grade III injuries,
combined PL.C—cruciate ligament injuries, and
unsuccessful nonsurgical treatment.

Associated Osseous Injuries
Certain osseous injuries provide diagnostic clues
to an underlying PL.C injury that alert the radiolo-
gist to closely inspect this region. Avulsion frac-
tures of the fibular head, often referred to as arcu-
ate fractures or the arcuate sign, occur at the various
insertion sites of the PL.C components (41-43).
The most common pattern involves the fibular
styloid process, at the attachment of the arcuate
complex (ie, popliteofibular, arcuate, and fabel-
lofibular ligaments) (Fig 9). In contrast, fractures
resulting from avulsions of the LCL and biceps
femoris tendon are larger and involve the lateral
margin of the fibular head (Fig 15) (44).

Depending on the size of the avulsed frag-
ment, this type of fracture may be occult on MR
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Figure 15. Arcuate fractures.
Frontal radiographs of the knee
in a 19-year-old man (a) and a
37-year-old woman (b) show avul-
sion fractures (arrow) of the fibular
head that primarily involve the in-
sertion sites of the LCL and biceps
femoris tendon. Lateral translation
of the tibia with respect to the fe-
mur, which is a secondary sign of
instability, is shown in b.
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b.

Figure 16. Contusion of the anteromedial femoral condyle in an 18-year-old soccer player who sus-
tained a PLC injury. Axial (a) and sagittal (b) T2-weighted fat-suppressed MR images show bone marrow
edema (arrow) along the anteromedial aspect of the medial femoral condyle. The mechanism of injury
was varus force and knee hyperextension.

images, with the only telltale sign being fibular
head edema. In this setting, correlation with
radiographic findings is essential to identifying
small displaced avulsion fractures. In addition to
having PLC injuries, patients with arcuate frac-
tures frequently sustain cruciate ligament, medial
collateral ligament, and meniscal injuries.

Ross et al (45) reported contusions along the
anteromedial femoral condyle (Fig 16) in all
patients who had combined grade III PLC injuries
and anterior cruciate ligament tears. However,
the relatively small sample size of six patients with
acute posterolateral knee injuries was a limitation
of that study. In one series, a 35% incidence of tib-

ial plateau fractures in patients clinically suspected
of having a PL.C injury was reported; the major-
ity of these cases involved the anteromedial rim
(Fig 17) (46).The suggested mechanism of these
uncommon fractures is impaction of the anterior
medial femoral condyle into the anteromedial
rim of the tibia as a result of varus angulation and
posterior translation due to complete disruption of
both the PLC and the posterior cruciate ligament.
Finally, Segond fractures (Fig 18) and avul-
sion of the Gerdy tubercle (Fig 19) also have been
associated with PLC injuries (47,48). The Segond
fracture is a bone avulsion at the tibial attachment
of the mid-third lateral capsular ligament, with
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Figure 17. Rim fracture of the anterior medial
tibial plateau in a 23-year-old woman who was in-
volved in a motor vehicle collision and presumed
dashboard injury and presented with posterolateral
rotatory instability. Sagittal computed tomographic
(CT) image obtained shortly after the trauma shows
a fracture (arrowhead) through the anterior rim of
the medial tibial plateau. These rare fractures have a
high association with PLC injuries, and owing to the
mechanism of injury, they often occur in conjunc-
tion with additional osseous injuries. In this case, the
patient also sustained a comminuted and depressed
fracture involving the posterior aspect of the medial
femoral condyle (arrow) owing to direct impact with
the anteromedial tibia.

Figure 18. Segond fracture in a 23-year-old woman following a motor vehicle accident. Frontal radio-
graph (a) and coronal proton-density-weighted fat-suppressed MR image (b) show a small displaced
fracture fragment (straight arrow) from the lateral proximal tibia at the attachment of the lateral capsular
ligament, consistent with a Segond fracture. In addition to a PLC injury (not shown), there are tears of
both the anterior cruciate ligament (curved arrow in b) and medial collateral ligament (arrowhead in b).

potential involvement of the anterior arm of the
short head of the biceps femoris tendon. Generally
described in association with anterior cruciate liga-
ment injuries, a Segond fracture may also indicate
the presence of a concomitant or isolated injury to
the PLC. The iliotibial band inserts on the lateral
tibia at the Gerdy tubercle, and although rarely in-
jured, both soft-tissue and osseous avulsions have
been reported with a complex PLC injury (45).

Role of Imaging and
How to Report Findings

Diagnosis of PLC injuries is based on the clinical
presentation. In practice, however, the physical
examination findings are often dominated by asso-
ciated injuries, particularly those involving the cru-
ciate ligaments. Imaging, especially MR imaging,
has an important role in uncovering unsuspected

PLC injuries, as their early detection (ie, <3 weeks
before they incite injury) and treatment can result
in improved outcomes and potentially obviate ad-
ditional procedures (21,49).

At MR imaging, injuries can be classified as
strains, which primarily involve an intact ligament
or tendon with surrounding edema; partial tears,
with increased intrasubstance signal intensity and
disruption of portions of the muscle, ligament, or
tendon; or complete rupture—with these often
corresponding to the clinical findings of grade I,
II, and III injuries, respectively (Fig 5). Although
there are no imaging criteria to distinguish clini-
cally unstable grade III PLC injuries, complete
tears of the major stabilizers (ie, popliteus tendon,
PFL, and LCL) should be reported as findings
suspicious for posterolateral instability, particularly
when two or more components are involved or
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Figure 19. Avulsion fracture of the Gerdy
tubercle in a 27-year-old man with a PLC
injury. Frontal radiograph (a), coronal
multiplanar reconstruction CT image (b),
and coronal proton-density-weighted
fat-suppressed MR image (c) show the
avulsion fracture (straight arrow). In ¢, the
fragment is seen attached to a retracted
and avulsed iliotibial band (arrowhead).
The proposed mechanism for this type of
injury is pure varus force, which can result
in “kissing” contusions (curved arrows)
involving the medial femoral condyle and

radiographics.rsna.org

medial tibial plateau, as in this case.

there is a concomitant cruciate ligament injury. In
complex knee injuries, these findings may direct
the orthopedic surgeon to closely interrogate

the PLC complex and, if necessary, perform an
examination with use of anesthesia. The statuses of
the menisci, cruciate ligaments, medial collateral
ligament, hyaline cartilage, and structures of the
posteromedial corner of the knee also should be
included in the report, as these will affect overall
treatment-related decision making. In the setting
of a knee dislocation, CT or MR angiography
should be performed to assess the popliteal vascu-
lature and nerves.

Conclusion
Although rare, high-grade PLC injuries have
devastating consequences—including acceler-
ated osteoarthritis, chronic instability, and failed
cruciate ligament reconstruction—if they are
not recognized. When interpreting MR imaging
findings, a thorough understanding of the normal
anatomy, MR imaging appearances, biomechan-
ics, injury patterns, and associated injuries is the

foundation for recognizing—and suggesting the
diagnosis of—a PLC injury. The role of imaging
in early detection of these injuries is particularly
important for patients with complex injuries, as
the clinical findings can be quite confounding.
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