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Learning Objectives

» To recognize normal anatomy of the knee.

» Torecognize abnormalities of main knee structures.
» To diagnose knee abnormalities on MRI.

7.1 Introduction

Imaging has a crucial role in detecting internal derangements
of the knee, and knowledge of pathologic conditions has
increased. Imaging aspects of meniscal, ligament, tendinous,
and chondral lesions will be discussed in this chapter.

7.2 Menisci

7.2.1 Anatomy and Function

Menisci are fibrocartilaginous structures that serve to enlarge
the articular surfaces of the femoral condyles and tibia, as
well as promote shock absorption and load distri- bution
across the joint [1, 2]. The menisci are composed of an
anterior horn, a body, and a posterior horn and do not have
identical morphologies. The lateral meniscus has acircular
shape and a looser capsular attachment. Posteriorly the
lateral meniscus is separated from the capsule by the
popliteus tendon and sheath (popliteus hiatus). The ante-
rior and posterior horns of the lateral meniscus have the same
size. The medial meniscus has a semicircular shape
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and is firmly attached to the capsule and less mobile than
the lateral meniscus. For that reason, it is more susceptible to
tears. Its anterior horn is smaller than the posterior horn. Both
menisci have anterior and posterior insertions at the tibia
(meniscal roots) [2].

The transverse meniscal ligament connects and stabilizes
the anterior horns of the menisci and can mimic a tear on
sagittal MR images [3] (Fig. 7.1).

Meniscofemoral ligaments connect the posterior horn of
the lateral meniscus to the inner aspect of the medial femoral
condyle, with the anterior meniscofemoral ligament of
Humphrey and posterior meniscofemoral ligament of
Wrisberg denoted based on their course, anterior and poste-
rior to the posterior cruciate ligament, respectively [4].

Popliteomeniscal fascicles are fibrous structures that con-
nect the posterior horn of the lateral meniscus to the joint
capsule around the popliteal tendon sheath and help form the
popliteal hiatus [1, 2]. They stabilize the posterior horn of the
lateral meniscus during knee motion. Lesions of these fasci-
cles are highly associated with tears of the posterior horn of
the lateral meniscus [5].

An oblique meniscomeniscal ligament is an uncommon
variant with a reported prevalence of 1-4% consisting of a
ligamentous connection between the anterior horn of one
meniscus and the posterior horn of the opposite meniscus and
can mimic a displaced meniscal fragment [6].

7.2.2 Anatomic Variants

Discoid meniscus is an enlarged meniscus with central
extension onto the tibial articular surface. It is 10-20 times
more common in the lateral meniscus [7]. There are four dis-
tinct variants of discoid meniscus, according to the percent-
age of tibial plateau coverage: (1) complete (covers entire
tibial plateau), (2) partial (covers 80% or less of the tibial
plateau), (3) Wrisberg (thickened posterior horn, lacking
posterior meniscal attachments), and (4) ring-shaped variant
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Fig. 7.1 Transverse meniscal ligament. Consecutive sagittal proton density (PD)-weighted images of the knee. The transverse meniscal ligament
(arrows) inserting on the anterior horn of the medial meniscus (arrowheads), mimicking a tear

with connection between the anterior and posterior horns
(can mimic a bucket-handle tear) [8, 9] (Fig. 7.2).

Meniscal flounce is a single symmetric fold along the
free edge of the medial meniscus, secondary to flexion of the
knee and physiologic redundancy of the free edge of the
meniscus. It is not a tear; however, it may mimic a radial tear
on coronal images [10, 11].

Meniscal ossicle is a rare developmental, degenerative, or
post-traumatic variant, more common on the posterior horn
of the medial meniscus. It may mimic an ossified loose body
on radiographs and a tear on MRI.

7.2.3 Meniscal Tears

Meniscal tears are most common at the posterior horn of the
medial meniscus; however, in young patients with acute inju-
ries, lateral meniscal tears are common. There is an increased
incidence of peripheral meniscal tears in cases of anterior
cruciate ligament tears [12].

Normal menisci should have low signal on MR imaging.
Linear or globular intrameniscal high signal is normally
observed in children and at peripheral portions of the menis-
cus (red zone), due to high vascularization. MR accuracy for
diagnosis of a meniscal tear is 90-95%, using arthroscopy as
gold standard [12, 13]. MR imaging criteria for a meniscal
tear are meniscal morphologic distortion (in absence of prior

surgery) or intrameniscal high signal intensity extending to
an articular surface, seen on two or more consecutive slices
[13, 14]. If these criteria are seen in only one slice, the find-
ing should be reported as a “possible tear” [15]. Increased
intrameniscal high signal without articular surface extension
should not be reported as tear and usually represents muci-
nous degeneration are acute intrasubstance contusion due to
trauma [7].

Tears should be described accurately by radiologists in
order to guide appropriate treatment. Most meniscal tear
classification systems are based on the direction and location
of the tear. Longitudinal tears run parallel to the long (cir-
cumferential) axis of the meniscus and perpendicular to tib-
ial plateau. Vertical longitudinal tears are oriented in a
superior-inferior direction and extend to one or both articular
surfaces (Fig. 7.3). Horizontal tears also run parallel to the
long axis of the meniscus but, however, are oriented parallel
to the tibial plateau (Fig. 7.4). Typically, horizontal meniscal
tears communicate with the free edge or articular surface of
the meniscus. Radial tears are vertical meniscal tears which
run perpendicular to the long axis of the meniscus and the
tibial plateau. Typically, radial tears appear as linear signal
changes perpendicular to the free/inner edge of the menis-
cus. Depending on the tear location and extent, unique MR
signs may be present in the setting of a radial tear, including
the “ghost meniscus” and the “truncated triangle” signs (Fig.
7.5). A root tear is typically a radial tear involving one
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Fig. 7.2 Discoid meniscus variants. Schematic drawing demonstrates (a) complete discoid meniscus; (b) partial discoid meniscus; (c) Wrisberg
variant (note absence of posterior meniscal attachments); and (d) ring-shaped discoid meniscus. (Reproduced with Permission by Rodrigo Tonan)

of the meniscal roots, most commonly the posterior root of
the medial meniscus. Complete root tears are associated with
meniscal extrusion and progressive femorotibial degenera-
tive changes (Fig. 7.6). Complex tears are a combination of

longitudinal, horizontal, and radial tear components (at least
two) [7]. Meniscal tears which communicate with the periph-

ery of the meniscus may be associated with the formation of
a parameniscal cyst.
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A meniscal “ramp lesion” is a longitudinal vertical
meniscal tear at the peripheral attachment of the posterior
horn of the medial meniscus [16]. It is strongly associated
with ACL tears and reflective of traumatic injury of the
meniscocapsular junction [17, 18]. MR findings of a ramp
lesion are meniscocapsular separation (with or without

Fig. 7.3 Horizontal tear. Sagittal T2-weighted image of the knee with fat
suppression. There is a horizontal tear of the mesial meniscus,
extending to the free edge (arrow) and posterior capsular surface
(arrowhead)

intervening fluid-like signal), peripheral meniscal irregu-
larities, and far peripheral longitudinal tearing of the medial
meniscus [19] (Fig. 7.7).

A zip lesion or Wrisberg rip is a longitudinal vertical
meniscal tear progressing from the distal insertion of the
posterior meniscofemoral ligament (Wrisberg) through the
posterior horn of the lateral meniscus, which may be seen in
association with ACL tears [20-22] (Fig. 7.8).

Displaced meniscal tears include free fragments or flap
lesions associated with a meniscal tear. Small meniscal dis-
placed fragments may not be seen at arthroscopy; thus,

Fig. 7.4 Vertical tear. Sagittal PD-weighted image of the knee. A
peripheral vertical tear extending to superior and inferior articular sur-
faces (arrow)

Fig. 7.5 Radial tear. (a) Coronal and (b) sagittal T2-weighted images
of the knee with fat suppression. Linear tear of the posterior horn of the
medial meniscus, perpendicular to free edge (white arrow). On the sag-

ittal plane, the radial tear has a “truncated triangle” aspect (black
arrow). There is also a subchondral fracture of the medial femoral con-
dyle (arrowhead)



Fig. 7.6 Root tear. (a) Coronal; (b) sagittal; (c) axial; and (d) coronal T2-  with a “ghost meniscus” sign on the sagittal image (arrow in b). There
weighted images of the knee with fat suppression. There is acom- plete  is an associated extrusion of the body (arrowhead)
radial tear in the posterior root of the medial meniscus (arrows),
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Fig. 7.7 Ramp lesion. Sagittal T2-weighted image of the knee with fat
suppression. Vertical tear of the posterior meniscocapsular junction
extending to the peripheral aspect of the medial meniscus (arrow)

identification on MR images can be of critical importance in
patient management and preoperative planning. Fragments
are more common arising from the medial meniscus and may
be displaced around the PCL, in the intercondylar notch, or
peripherally along the superior/inferior recessesof the joint.
In absence of prior surgery, a diminutive mor- phology of the
meniscus should alert the radiologist to search for a displaced
meniscal flap (Fig. 7.9). A bucket handle tear is a displaced
vertical longitudinal tear associ- ated with central
displacement of the inner part of the meniscus. Bucket
handle tears are more common in themedial meniscus, and
several imaging signs have been described associated with
bucket handle meniscal tears at MR imaging including a
double PCL sign, absent bow tie, double anterior horn,
fragment in the notch, and small pos- terior horn [23, 24]
(Fig. 7.10).

Key Point

+ Signal abnormalities that extend to meniscal sur-
face and displaced meniscal fragments are impor-
tant features to be identified on MRI.

Fig. 7.8 Zip lesion. (a) Consecutive sagittal PD-weighted images and (b) axial T2-weighted image show the Wrisherg ligament inserting in the
posterior horn of the lateral meniscus (arrows) and a peripheral vertical longitudinal tear of this meniscus (arrowheads)
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Fig. 7.9 Displaced meniscal tear. (a) Coronal; (b) sagittal; and (c) axial T2-weighted images of the knee with fat suppression. There is a complex
tear at the body of medial meniscus with increase in size (arrow). A displaced inferior meniscal flap is associated with this tear (arrowheads)

7.3 Lligaments

7.3.1 Cruciate Ligaments

7.3.1.1 Anterior Cruciate Ligament

Anatomy and Function

The anterior cruciate ligament (ACL) is an intracapsular and
extrasynovial structure that is proximally attached to the
medial surface of the lateral femoral condyle and a distal
attachment on the tibia, anterolateral to the tibial spines. The
distal insertion of the ACL is stronger and broader than its

proximal femoral attachment. The fascicles are anatomically
divided into two bundles, the posterolateral and anteromedial
bands. The anteromedial bundle is the main restraint to ante-
rior translation of the tibia during knee flexion, and the pos-
terolateral bundle is the predominant restraint to anterior
tibial translation during knee extension and also serves as a
restraint against internal rotation of the tibia. The bundles can
be visualized as distinct bands along the middle to distal
thirds of the ligament, especially on axial and coronal MR
images. Increased intrasubstance linear signal intensity par-
allel to the long axis of the ligament may be seen within the



Fig. 7.10 Bucket handle tear. (a) Sagittal; (b) coronal; and (c) axial T2-
weighted images of the knee with fat suppression. A complete lon-
gitudinal tear of the medial meniscus (arrow) with a displaced meniscal

distal ACL, presumably related to areas of fat and synovium
between ligament fibers [2, 25]. Normal orientation of the
ACL in the sagittal plane is parallel or within 9° to the roof
of the intercondylar notch.

fragment to the intercondylar notch (arrowheads), with a double PCL
sign (arrowhead in b)

ACL Tears

Anterior cruciate ligament tears are the most common liga-
mentous injuries in the knee, alone or in combination with
other injuries. The classic mechanism of injury involved in
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Fig. 7.11 ACL tear — direct sign. Sagittal T2-weighted image of the
knee with fat suppression. Complete acute tear of the ACL with
increased signal at the expected location of the ligament

ACL injury is indirect trauma with pivoting stress. MR imag-
ing examination includes evaluation of axial, coronal, and
sagittal images and is highly sensitive and specific in the diag-
nosis of ACL tears, with an accuracy of 90-95% [26, 27].

Direct MR signs of an ACL tear are focal ligamentous
discontinuity, diffuse or focal signal intensity abnormality,
and mass-like appearance in the expected location of the
ACL [28] (Fig. 7.11). Increased signal within the ligament
may be also seen in the setting of mucoid degeneration of the
ACL, with characteristic features of an intact continuous
ligament fibers with internal striated intervening T2 fluid-
like signal (Fig. 7.12). Abnormal orientation of the ACL
including a horizontally oriented distal ACL (angle of less
than 45° between the distal ACL and the tibia) or a vertically
oriented proximal ACL (angle greater than 15° between the
proximal ligament and the roof of the intercondylar notch) is
an additional finding which may be seen following ACL
injury [29]. Distal fibers of the ACL may flip anteriorly fol-
lowing ACL disruption [30].

Indirect MR findings of an ACL tear have additionally
been described. Such indirect findings of ACL injury include

subchondral bone marrow edema at the central aspect of the
lateral femoral condyle (sulcus terminalis) and posterior
aspect of the lateral tibial plateau, secondary to pivot shift
translational osseous impaction injuries (Fig. 7.13). Osseous
injury is commonly associated with meniscal injury in the
same compartment [31]. Anterior translation of 5 mm or
more of the posterior aspect of the lateral tibial plateau in
relation to the posterior aspect of the lateral femoral condyle
is another indirect finding seen in the setting of ACL disrup-
tion [32]. Other signs described in the setting of an ACL tear
include uncovering of the posterior horn of the lateral menis-
cus and “buckling” of the PCL [28]. In chronic ACL tears,
the ligament may scar, and MR may not depict true severity/
extent of the prior ACL injury. Scarring of the ACL can occur
to the PCL, to the roof of the intercondylar notch, to its ana-
tomical femoral origin, or as end-to-end scarring across torn
tendon margins [33].

Partial tears account for 30% of all ACL injuries [30].
Such partial ACL injuries include isolated complete tearing
of either the anteromedial (more common) or posterolateral
bundles of the ligament or most commonly partial injuries of
both bundles [34, 35]. MRI illustrates lower accuracy rates in
the detection of partial ACL tears, ranging from 25 to 53%
[35]. MR signs of partial ACL tearing include attenuation of
the ACL, increased intraligamentous T2 signal with partial
disruption of ligamentous fibers, and posterior ACL bowing
on sagittal acquisitions [34-36] (Fig. 7.14).

7.3.1.2 Posterior Cruciate Ligament

Anatomy and Function

The posterior cruciate ligament (PCL), similar to the ACL, is
also an intracapsular and extrasynovial ligament. The proxi-
mal origin of the PCL is along the lateral surface of the
medial femoral condyle and its distal insertion in the midline
of the proximal tibia, posteroinferior to tibial articular sur-
face. The PCL is the major restraint to tibial posterior trans-
lation and anatomically consists of anterolateral and
posteromedial fiber bundles. On MR imaging, the PCL has a
homogeneous low signal intensity on all pulse sequences,
with a curved “comma-shaped” morphologic appearance
well depicted on sagittal imaging.

PCL Tears

Posterior cruciate ligament tears are less frequent than ACL
tears due to its strong fibrous structure. The most common
mechanism of PCL injury is a force applied to the anterior
aspect of the proximal tibia with the knee flexed, driving the
tibia posteriorly. Motor vehicle accidents in which the flexed
knee hits the dashboard or in a fall upon the knee with knee
flexion and posterior tibial translation are typical injuries
leading to PCL disruption. Multiligamentous injuries are
more common than isolated PCL tears. MR signs of PCL
tears include complete focal ligamentous discontinuity and



Fig. 7.12 ACL mucoid degeneration. (a) Sagittal and (b) axial T2-weighted images of the knee with fat suppression. There is increased signal
within the ACL, with internal ligament striation preserved (arrows)

Fig. 7.13 ACL tear —indirect sign. (a) Sagittal T2-weighted image with  lateral tibial plateau (arrowheads). (b) Sagittal T2-weighted image with
fat suppression shows bone edema and impaction fractures at the central ~ fat suppression demonstrates the ACL tear (arrow)
aspect of the lateral femoral condyle and posterior aspect of the
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Fig. 7.14 Partial ACL tear. Sagittal T2-weighted image of the knee
with fat suppression shows increased thickening within the ACL with
attenuation of ligamentous fibers (arrow)

increased T2 signal intensity of the PCL [37] (Fig. 7.15).
Differentiation between complete and partial PCL tears is
more difficult on MRI [38]. Mucoid degeneration of PCL can
be suggested with a “tram-track” appearance, in which there
is a peripheral rim of normal low signal intensity fibers

[39] (Fig. 7.16). The PCL has a greater propensity to heal,
when compared to ACL [40, 41]. Up to 28% of PCL tears
can have a near normal MR appearance 6 months post injury
[42]. Patients with combined PCL and posterolateral corner
injuries and those with greater than 12 mm of posterior sub-
luxation of the tibia on stress radiographs are less likely to
demonstrate healing of PCL on follow-up MRI [40].

7.3.2 Medial Collateral Ligament

Anatomy and Function

The medial collateral ligament (MCL) serves as a primary
stabilizer against valgus stress of the knee. It is composed of
a superficial and a deep layer. The superficial layer or tibial

Fig. 7.15 PCL tear. Sagittal PD-weighted image demonstrates PCL
discontinuity with increased signal intensity (arrow)

collateral ligament is the strongest portion of MCL and most
easily seen on MRI [43-45]. The deep layer is part of the
joint capsule and composed of meniscofemoral and menis-
cotibial ligament extensions. An MCL bursa is situated
between the superficial and deep portions of the MCL [46].
The superficial and deep components of the MCL are fused
posteriorly by the posterior oblique ligament [44]. The
superficial MCL has a femoral origin located posterior to the
medial epicondyle and anterior to the adductor tubercle and
a tibial attachment located approximately 5 cm distal to the
joint line and deep to the pes anserinus tendons [43, 47, 48].
Some authors describe a second tibial attachment of the
superficial MCL along the anterior arm of the semimembra-
nosus [49].

MCL Tears

Medial collateral ligament tears are most commonly located
along the proximal MCL and can be classified in three types
[50]:

— Grade I: microscopic injury; MR demonstrates periliga-
mentous edema, with normal hypointense signal of the
MCL (Fig. 7.17).



Fig.7.16 PCL mucoid degeneration. (a) Sagittal and (b) axial T2-weighted images. There is increased signal within the PCL and a peripheral rim
of intact fibers — “tram-trak™ appearance (arrows)

Fig. 7.18 Grade Il MCL tear. Coronal T2-weighted image with fat
suppression. Increased signal and thickening of the MCL (arrow)

— Grade II: partial tear; MR shows a thickened and edema-
tous MCL with areas of increased intrasubstance signal,
incomplete ligamentous disruption (Fig. 7.18).

Fig. 7.17 Grade | MCL tear. Coronal T2-weighted image with fat sup- ~ — Grade '_“: Complete_te_ar; MR demonstrates complete dis-
pression. Edema surrounding the MCL (arrow) continuity of superficial MCL.
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Fig. 7.19 Grade IlIl MCL tear. Coronal T2-weighted image with fat
suppression. Complete distal MCL tear with proximal retraction and a
“wavy” appearance (arrow)

Distal insertional tears of the superficial MCL are less com-
mon; however normal healing of far distal tears of the superfi-
cial MCL can be impaired due to poor blood supply and possible
displacement of torn distal MCL ligament fibers. A “Stener-
like” lesion of the distal superficial MCL occurs when there is
ligament displacement superficial to the pes anserinus tendons
[51]. A wavy morphologic appearance of the MCL without
MCL disruption proximally is an imaging feature suggestive of
a high-grade distal tear of the superficial MCL [52] (Fig. 7.19).

7.3.3 Posterolateral Corner

Anatomy and Function

The posterolateral corner structures are primary restraints of
varus rotation and external tibial rotation and secondary
restraints of anterior and posterior tibial translation.

The main stabilizers of the posterolateral corner complex
are, from superficial to deep, include the lateral collateral
ligament (or fibular collateral ligament), biceps femoris ten-
don, fabellofibular ligament, arcuate ligament, popliteofibu-
lar ligament, and popliteus tendon [53] (Fig. 7.20).

Lateral Collateral Ligament (Fibular Collateral Ligament)
The LCL is injured in about 23% of cases of posterolateral
corner injury [54]. The lateral collateral ligament (LCL) or
fibular collateral ligament is the primary stabilizer against

Fig.7.20 Posterolateral corner anatomy. (a) Schematic drawing illustrating
the posterolateral corner anatomy. BFT biceps femoris tendon, LCL lateral
collateral ligament; (1), fabella; (2), fabellofibular ligament; (3), arcuate
ligament; (4), popliteofibular ligament; and (5), popliteus muscle. Structures
from the posteromedial corner are also demonstrated OPL, oblique popli-

teal ligament, and SM, semimembranosus tendon. (b) CT 3D reconstruc-
tion with posterolateral corner attachments. aBFT anterior arm of the biceps
femoris tendon, dBFT direct arm of the biceps femoris tendon, LCL lateral
collateral ligament, FFL fabellofibular ligament, AL arcuate ligament, PFL
popliteofibular ligament. (Reproduced with Permission by Rodrigo Tonan)
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Fig. 7.21 Lateral collateral ligament tear. Coronal T2-weighted image
with fat suppression. Complete LCL tear (arrow)

varus stress of the knee and has a secondary role as arestraint
to external rotation. It arises from the lateral fem- oral
condyle and extends distally attaching to the lateral aspect of
the fibular head, sometimes merging with the dis- tal biceps
femoris tendon to form a conjoined insertional tendon
structure [55]. The lateral collateral ligament- biceps
femoris bursa can be seen between these two struc- tures
[56].

Lateral collateral ligament tears can be classified as
grades | (periligamentous edema), Il (thickened and edema-
tous LCL), and Il (complete LCL disruption) (Fig. 7.21).
Awvulsion fracture of the fibular head by the LCL can be seen
in the setting of an arcuate fracture [56, 57].

Biceps Femoris Tendon

The biceps femoris tendon descends posterior to the iliotibial
tract and has two distal attachments identified on MRI: a
direct arm (inserting on the posterolateral aspect of the fibu-
lar head) and an anterior arm (inserting to the anterior aspect
of the fibular head and to the lateral tibial metaphysis) [55,
58, 59]. The biceps femoris tendon merges with the distal
LCL and forms a conjoined insertional tendon. Injuries to the
biceps femoris tendon include partial tears and tendinousand
osseous avulsions from the fibular head.

Fabellofibular Ligament

The fabellofibular ligament is variably present but com-
monly seen when there is a bony fabella. The ligament runs
from the fabella to the styloid process of the fibular head.
When the fabella is absent, the ligament originates proxi-
mally to the posterior aspect of the supracondylar process of
the femur [60]. The fabellofibular ligament may not be iden-
tified on MRI but when present is seen on coronal and sagit-
tal planes posterior to genicular vessels and on axial plane
anterior to the lateral head of the gastrocnemius tendon.
Injuries include avulsions from the fibular head and partial—/
complete-thickness tears.

Arcuate Ligament

The arcuate ligament is a thickening of the posterior joint
capsule and has a Y shape. The medial limb attaches proxi-
mally to the oblique popliteal ligament, and the lateral limb
attaches to the lateral femoral condyle. Distally, the medial
and lateral limbs merge, attaching to the fibular styloid pro-
cess, posterior to the insertion of the popliteofibular liga-
ment. ldentification of the arcuate ligament is variable on
MRI, and when visualized the ligament is best depicted on
axial and sagittal MR imaging acquisitions. Injury of the
arcuate ligament is often implicated based on secondary
MR imaging signs, especially edema and fluid/hemorrhage
indicative of soft tissue injury immediately posterior to the
popliteus tendon/hiatus [61] (Fig. 7.22). The presence ofthe
arcuate sign (edema or avulsion fracture of the fibular head
with intact LCL and biceps femoris tendon) is indica- tive of
concurrent arcuate and popliteofibular ligament injuries [62].

Popliteofibular Ligament

The popliteofibular ligament is a major stabilizer of the pos-
terolateral complex, originating at the popliteus tendon close
to its myotendinous junction and inserting at the posterior
aspect of the fibular styloid process [63]. MR visualization of
this ligament is difficult, with improved visualization
described with dedicated oblique coronal or isotropic volu-
metric sequences [64]. Injuries are common in a setting of
posterolateral instability [65], although direct identification
of popliteofibular ligament disruption can be challenging at
MRI (Fig. 7.23).

Popliteus Tendon

The popliteus tendon and muscle provide primary resistance
to external rotation and secondary resistance to posterior
tibial translation at the knee. The popliteus tendon is located
deep to arcuate and fabellofibular ligaments, enters the joint,
and attaches to the popliteus sulcus of the lateral femoral
condyle, deep and anterior to the femoral origin of theLCL.
Popliteomeniscal fascicles connect the popliteus



7 Knee

97

Fig. 7.22 Arcuate ligament strain. Coronal T2-weighted image with fat
suppression. Increased signal and thickening of the arcuate ligamentat
its fibular attachment (arrow)

tendon to the lateral meniscus, forming the popliteus hiatus.
Popliteus injuries are more common at its myotendinous
junction, although avulsions of the popliteus tendon at its
femoral origin can occur (Fig. 7.24).

7.3.4 Posteromedial Corner

Anatomy and Function

The posteromedial corner structures are primary restraints to
anteromedial rotatory instability and are composed of the
posterior oblique ligament (POL), the oblique popliteal liga-
ment (OPL), the semimembranosus tendon, and the menis-
cotibial ligament.

Posterior Oblique Ligament (POL)

The POL originates at the adductor tubercle, just posterior to
the origin of the MCL, and extends distally composed of
three arms: (1) central (or tibial) arm, attaching to the pos-
teromedial aspect of the medial meniscus; (2) superior (or
capsular) arm, attaching to the oblique popliteal ligament and
capsule; and (3) distal arm, attaching to the semimem-
branosus tendon and tibia.

Fig. 7.23 Popliteofibular ligament strain. Sagittal T2-weighted image
with fat suppression. Increased signal and thickening of the arcuate
ligament at its fibular attachment (arrow)

Fig. 7.24 Popliteus myotendinous strain. Axial T2-weighted image
with fat suppression. Increased signal involving the popliteus myoten-
dinous junction and muscle (arrow)

Oblique Popliteal Ligament (OPL)

The OPL is a broad ligamentous band that originates from
the lateral aspect of the semimembranosus tendon and
courses in a superolateral oblique direction across the
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Fig. 7.25 Posterior oblique ligament tear. Coronal T2-weighted image
with fat suppression. Complete tear of the POL (arrow) with exuberant
surrounding edema

posterior aspect of the joint, forming part of the popliteal
fossa and inserts at the fabella and posterolateral joint cap-
sule (Fig. 7.20).

Semimembranosus Tendon

The distal semimembranosus tendon has five insertional
arms: (1) direct arm (inserts at the posterior aspect of the
medial tibial condyle), (2) capsular arm (merges with the
capsular portion of the OPL), (3) anterior arm (courses ante-
riorly, deep to the POL, and inserts at the medial aspect of
the tibia, deep to the MCL, (4) inferior arm (courses deep to
MCL and POL and inserts proximal to tibial attachment of
MCL, and (5) OPL extension. The semimembranosus is the
main stabilizer of the posteromedial corner.

Injuries

Patients with anteromedial rotatory instability show injury of
the POL in 99%, semimembranosus in 70%, and medial
meniscus detachment in 30% of cases [66] (Figs. 7.25 and
7.26). There is an association between posteromedial corner
injuries and ACL tears, although association between pos-
teromedial and posterolateral corner injuries is uncommon.
Adequate interpretation of these injuries is important,
because posteromedial corner injury with anteromedial rota-
tory instability often requires surgical intervention.

Fig. 7.26 Oblique popliteal ligament tear. Axial T2-weighted image
with fat suppression. Increased signal and thickening of the OPL (arrow
heads)

7.3.5 Anterolateral Ligament

Anatomy and Function

The anterolateral ligament (ALL) originates posterior and
proximal to the lateral femoral epicondyle and courses
anteroinferiorly overlapping the LCL toward the antero-
lateral tibia. As it approaches the joint line, some fibers attach
to the lateral meniscus and anterolateral capsule [67, 68].
The tibial insertion is just behind Gerdy’s tuber-cle (Fig.
7.27). ALL is an important stabilizer of internal rotation of
the tibia. The ALL is identified in 90-100% of MR
examinations [69, 70].

Injuries

A Segond fracture represents a bony injury of the tibial ALL
insertion [71, 72]. ALL injuries are generally associated with
ACL lesions (Fig. 7.28). Identification of ALL injuries is dif-
ficult, and secondary signs such as bony avulsion and edema
at the anterolateral tibia may be useful findings in support of
possible ALL injury.

7.3.6 lliotibial Tract

Anatomy and Function

The iliotibial tract is composed of contributions from the
tensor fascia lata and gluteus maximus muscles and from
fibers of the fascia lata [73]. The superficial layer of the
iliotibial tract inserts onto the Gerdy tubercle at the
anterolateral tibia. The deep layer attaches the superficial
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Fig. 7.27 Anterolateral ligament anatomy. Schematic drawing illus-
trating the anterolateral ligament anatomy and related structures. ALL,
anterolateral ligament; LCL, lateral collateral ligament; Popl T, poplit-
eus tendon; BFT, biceps femoris tendon. (Reproduced with Permission
by Rodrigo Tonan)

layer to the supracondylar tubercle of the lateral femur with
additional fibers inserting on lateral patellar retinac- ulum.
The iliotibial tract provides anterolateral stability to the knee.

lliotibial Band Syndrome

In general, iliotibial band syndrome or ilitotibial band
friction syndrome is due to chronic overuse in activities
such as cycling and running, with patients presenting with
pain around the anterolateral femur due to repetitive fric- tion
between the iliotibial band and the underlying lateral femoral
epicondyle. On MR, increased T2 soft tissue sig- nal or a
bursal fluid collection can be identified between the
iliotibial tract and the lateral femoral condyle [73] (Fig.
7.29).

Injuries

In general, iliotibial tract tears occur in the setting of an acute
knee trauma with other knee injuries, especially ACL tears
and patellar dislocation. MRI demonstrates strains (edema
superficial and deep to iliotibial tract) and partial (thickening
and increased signal) and complete tears [74].

Key Point
» Adequate comprehension of detailed ligament anat-
omy is crucial to identify injuries on MRI.

Fig. 7.28 Associated anterolateral and ACL tears. (a) Sagittal T2-weighted image with fat suppression showing an ACL tear (arrow). (b) Coronal
T2-weighted image with fat suppression demonstrates a complete tear of the ALL (arrowhead)
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Fig. 7.29 lliotibial band friction syndrome. (a) Coronal and (b) axial T2-weighted images with fat suppression demonstrate edema in the fat pad
(arrowheads) between the lateral femoral condyle and the iliotibial band (arrows)

7.4 Tendons

7.4.1 Extensor Mechanism

Anatomy and Function

The extensor mechanism of the knee is composed of the
quadriceps muscle group and tendon, the patella, the patellar
retinaculum, and the patellar tendon. The tendons of the rec-
tus femoris and vastus muscles converge distally to form the
quadriceps tendon, inserting onto the superior pole of the
patella. The quadriceps tendon has a tri-laminar appearance
on MR imaging, with the rectus tendon forming the most
superficial layer, the vastus medialis and lateralis forming
the middle layer, and the vastus intermedius forming the
deepest layer. Fat tissue interposes between the three tendon
layers. The distal vastus medialis muscle has a longitudinal
and an oblique portion, called the vastus medialis obliquus.
Fascial extensions of the vastus medialis and lateralis form
the patellar retinacula. Patellofemoral ligaments are focal
thickening of the retinacula, similar to glenohumeral liga-
ments in the shoulder. The patellar tendon is composed by
fibers of the rectus femoris and extends from the inferior pole
of the patella to anterior tibial tuberosity.

Lateral Patellar Dislocation

Dynamic and anatomical conditions, including trochlear
dysplasia and patella alta, can predispose to lateral patellar
dislocation. In general, patellar dislocation is diagnosed on

imaging retrospectively due to indirect findings on MRI: dis-
ruption of the medial retinaculum and medial patellofemoral
ligament, typical bone marrow edema on the medial aspect
of the patella and the anterolateral aspect of the lateral femo-
ral condyle, osteochondral injuries (especially at the medial
facet of the patella), and joint effusion/hemarthrosis [75]
(Fig. 7.30).

Key Point

+ Typical imaging features of lateral patellar disloca-
tion are bone marrow edema at the medial aspect of
the patella and anterolateral aspect of lateral femo-
ral condyle, injury at the medial patellofemoral lig-
ament, and joint effusion/hemarthrosis.

7.5 Carlilage
Hyaline cartilage is a fine connective tissue composed of a
complex mesh of collagenous fibers, water, and proteogly-
cans. Chondral lesions include acute traumatic chondral or
osteochondral injuries or chronic degenerative lesions which
generally progress slowly with late clinical manifestations of
disease.

MR imaging can provide information on chondral thick-
ness, surface abnormalities, intrasubstance changes, and
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Fig. 7.30 Lateral patellar dislocation. Axial T2-weighted images of the
knee with fat suppression. (a) Bone impaction with marrow edemaat
the medial facet of the patella (white arrow) and strain of the proxi-

Fig. 7.31 Three-layer pattern of normal cartilage. Axial PD-weighted
image with fat suppression. The deep layer shows low signal intensity
(white arrow); the intermediate layer has high signal (black arrow), and
the superficial layer has low signal (arrowhead)

subchondral bone abnormalities. Through more recent
techniques, MRI can provide information on the biochemical
and physiological characteristics of hyaline cartilage.

By using MRI with high spatial resolution and good soft
tissue contrast, a three-layer pattern can be observed in the
hyaline cartilage: 1) surface layer with low-intensity signal;
2) intermediate layer with high-intensity signal; and 3) deep
layer with low-intensity signal and a “palisade” transition
into the intermediate zone (Fig. 7.31). This three-layer
appearance is more evident in thicker chondral surfaces, such
as the patellar and femoral trochlear cartilage.

mal aspect of the medial patellofemoral ligament (black arrow). * joint
effusion. (b) Bone impaction with marrow edema at the anterolateral
aspect of the lateral femoral condyle (arrowhead)

7.5.1 Chondral Lesions

The accuracy of MRI for detecting chondral lesions can be
variable depending on MRI hardware and technique used,
patient factors, as well as the etiology, extent/depth, and
location of the lesion itself. The accuracy of MRI in diagno-
sis of degenerative chondral lesions is greater in deeper
lesions, particularly in those that present more than 50% loss
of chondral substance, with accuracy results in the literature
ranging from 73 to 96% [76].

Chondral lesions are characterized on MRI by thickness
and morphological abnormalities of hyaline cartilage as well
as intrasubstance increased signal on proton density, T2-
weighted and gradient echo sequences. One prior study
demonstrated that 70% of chondral lesions presented asareas
of high signal in relation to normal cartilage on protondensity
acquisitions, while 20% of lesions illustrated signal similar
to that of normal cartilage (lesions not identified on MRI)
and 10% illustrating low signal [77].

Chondral tapering, loss of definition, and chondral sur-
face irregularities are additional features of chondral lesions
that can be characterized on MR imaging. It has been dem-
onstrated that the most frequent locations for chondral
lesions are the medial femoral condyle (on its most internal
aspect) and the lateral tibial plateau (on its most posterior
portion) [78].

To classify chondral lesions using MRI, a system based
on arthroscopic classifications is used [79]. Grade llesions
are shown as abnormalities of intrasubstance car- tilage
signal, corresponding to softening of the cartilageseen on
arthroscopy. Grade Il lesions are shown as mor- phologic
irregularities and abnormalities of the surface
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Fig. 7.32 Chondral injury classification. (A, B, and C) Axial and (D)
sagittal PD-weighted images with fat suppression. (a) Increased signal
of the superficial layer of the hyaline cartilage of the lateral facet of the
patella with irregularities (arrow), indicating grade | lesion. There is
also a deep chondral erosion (>50% — grade IIl) in the medial facet
(arrowhead). (b) Fissure involving less than 50% of the hyaline carti-

signal, indicating fibrillation or erosion of less than 50%
of the chondral thickness. In Grade 111 lesions, there isloss
of more than 50% of the chondral substance, and there may
be small areas in which the bone surface is reached. Grade
IV lesions indicate extensive full-thick- ness chondral
defects with subchondral bone marrow edema [79, 80] (Fig.
7.32).

Loss of cartilage integrity may lead to abnormalities in the
underlying subchondral bone, such as cysts, sclerosis, and
osteophytosis, which can be detected on MRI. Another
frequently associated finding is subchondral bone marrow
edema-like signal changes, which studies suggest may pre-
date and progress to subchondral cysts over time [81].

Chronic chondral lesions with detachment of cartilagi-
nous fragments into the joint lead to chronic irritation of the

lage of the lateral facet of the patella (arrow) (grade Il lesion). (c)
Chondral fissure involving more than 50% of the hyaline cartilage of
the medial facet of the patella (arrow) (grade 11 lesion). (d) Deep chon-
dral erosion in the lateral femoral condyle (arrow), reaching the sub-
chondral bone associated with adjacent bone marrow edema
(arrowheads) (grade IV lesion)

synovium and may cause synovitis. In some cases, the syno-
vial response can be very extensive and may take on a pseu-
dotumoral appearance on imaging examinations (Fig. 7.33).
Intraarticular loose bodies can be identified, especially in the
suprapatellar recess, intercondylar notch, posterior to the
femoraotibial joint space and along the popliteal hiatus of the
articulation (Fig. 7.34).

Key Point

* MRI underestimates size of chondral lesions. A
complete description including cartilage, subchon-
dral bone, and synovial abnormalities should be
performed in a setting of chondral imaging.
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Fig. 7.33 Pseudotumoral appearance of knee osteoarthrosis. Coronal
T2-weighted image with fat suppression demonstrates complete and
diffuse cartilage loss in the femorotibial compartments with large sub-
chondral cysts, especially at the tibial plateau

Fig. 7.34 Intraarticular loose body. Sagittal PD-weighted images with fat
suppression. (a) A deep chondral lesion with sharp margins at the lateral
femoral condyle (arrowhead), indicating an acute chondral

7.6  Concluding Remarks

Knee abnormalities include meniscal, ligamentous, ten-
dinous, bone, and chondral disorders. MRI is highly accurate
and is the imaging method of choice to assess internal
derangement of the knee. Several new informa- tion
regarding anatomy and pathology of the menisci, tendons,
and ligaments were published in the last years. Recognition
of knee anatomy, normal variants, and imag- ing patterns of
main disorders is pivotal for an accurate diagnosis.

Take Home Messages

» MR imaging criteria for a meniscal tear are meniscal
morphologic distortion (in absence of prior surgery)
or intrameniscal high signal intensity extending to
an articular surface, seen on two or more consecu-
tive slices.

» Direct MR signs of an ACL tear are focal ligamen-
tous discontinuity, diffuse or focal signal intensity
abnormality, and abnormal orientation of the ACL.

detachment. (b) The chondral fragment is dislocated to the anterior
aspect of the intercondylar notch (arrow)
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« Main structures involved in posterolateral corner
stability are lateral collateral ligament, biceps
femoris tendon, popliteus tendon, and popliteo-
fibullar ligament.

» Chondral lesions are characterized on MRI by
thickness and morphological abnormalities of hya-
line cartilage as well as intrasubstance increased
signal on fluid-sensitive sequences.
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