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Acute knee injuries are a common source of morbidity
in athletes and if overlooked may result in chronic func-
tional impairment. Magnetic resonance (MR) imaging
of the knee has become the most commonly performed
musculoskeletal MR examination and is an indispensable
tool in the appropriate management of the injured athlete.
Meniscal and ligamentous tearing are the most frequent
indications for surgical intervention in sports injuries and
an understanding of the anatomy, biomechanics, mecha-
nisms of injury, and patterns of injury are all critical to ac-
curate diagnosis and appropriate management. These will
be discussed in reference to meniscal tears and injuries of
the cruciate ligaments as well as injuries of the posterolat-
eral and posteromedial corners of the knee.
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nee injuries are among the most
common injuries in the ath-
letic population. In a study of
6.6 million knee injuries presenting

® MR criteria for unstable meniscal
tears include a tear greater than
1 cm in length, presence of more
than one morphologic tear pat-
tern, high T2 signal intensity
within the tear plane, and pres-
ence of a displaced meniscal
fragment.

B Acute anterior cruciate ligament
(ACL) tears are one of the most
common causes for an acute
large hemarthrosis in the athletic
population, and 41%-75% of
acute knee injuries with a hem-
arthrosis have an ACL tear.

® MR imaging assessment of
chronic posterior cruciate liga-
ment (PCL) injuries is less reli-
able than assessment of acute
injury, as continuity of PCL fibers
in chronic injuries can be mis-
taken for a partial tear or even a
normal PCL, particularly if prior
imaging or accurate clinical infor-
mation is lacking.

® Collectively, the posterolateral
stabilizers act primarily as
restraints to varus stress and
external rotation of the knee; of
these, the fibular collateral liga-
ment, popliteofibular ligament,
and popliteus tendon are consid-
ered the most important biome-
chanically and are the structures
addressed in anatomic postero-
lateral reconstructions.

B Features that affect decision
making with regard to treatment
of medial ligamentous injuries
include grade of injury, involve-
ment of the posteromedial
corner or cruciates, presence of
osseous avulsive injury, degree of
ligament retraction, entrapment
of the deep medial collateral liga-
ment (MCL) within the medial
joint, and presence of a Stener
lesion of the MCL.

to emergency departments during a
10-year period, approximately 50%
of injuries were related to sporting or
recreational activities, with soft-tissue
injuries accounting for the majority of
knee injuries (1).

In this article we will review the
imaging evaluation of knee injuries
resulting from athletic activities. We
will review the pertinent anatomy, bio-
mechanical function of ligamentous
structures, mechanisms of injury, and
the imaging appearances of specific lig-
amentous and meniscal injuries in the
preoperative setting. Data regarding
clinical evaluation of meniscal and liga-
mentous injuries are highlighted in the
Table (2-5). The role of imaging in the
treatment decision-making process will
also be discussed where relevant. Al-
though much of the imaging discussion
will concentrate on magnetic resonance
(MR) imaging, other imaging modal-
ities will be discussed where indicated.
Although chondral and osteochondral
injuries are not specifically discussed in
this article, it is important to recognize
that they are a major consideration in
treatment of knee injuries.

Imaging Technique

MR imaging enables the most com-
prehensive imaging assessment of the
knee and when performed early after
injury, MR imaging is both cost-ef-
fective (6) and can aid in predicting
which patients require further treat-
ment (7). Radiographs may demon-
strate an acute fracture but commonly
are either negative or may demon-
strate indirect signs of an acute soft-
tissue injury. Computed tomography
(CT) is usually reserved for diagno-
sis of suspected fractures or assess-
ment of complex fractures, although
associated ligamentous injuries may
be evident on CT scans obtained for
evaluation of osseous injuries (Fig 1).
Dual-energy CT has also been evalu-
ated in imaging of the musculoskeletal
system, principally for evaluation in
patients with suspected gout (8). Pre-
liminary studies using dual-energy CT
have shown a high sensitivity and spec-
ificity for detection of bone marrow

edema in traumatic knee injuries (9)
and some success with imaging of ACL
injuries (10). Although this technique
may highlight traumatic osseous and
ligamentous injuries, its role in global
assessment of knee injuries remains to
be determined.

MR imaging of the knee is most
commonly performed with 1.5- or
3-T systems and dedicated knee coils.
Standard MR studies are typically ac-
quired in three orthogonal planes with
a combination of proton density, in-
termediate-weighted, and T2-weighted
pulse sequences with and without fat
suppression. Spectral fat suppression
is our preferred method of acquiring
fat-suppressed images owing to supe-
rior signal-to-noise ratio in compari-
son with inversion recovery techniques
(11). Multiple oblique imaging planes
have been advocated for assessment
of ligamentous injuries of the knee.
These include coronal oblique and axial
oblique images parallel and perpendicu-
lar to the long axis of ACL, respectively
(12-14), and coronal oblique images in
the plane of the popliteus tendon for
assessment of the popliteofibular lig-
ament (15). We do not routinely per-
form additional oblique acquisitions in
our practice.

Three-dimensional isotropic fast
spin-echo pulse sequences such as
FSE-CUBE, sampling perfection with
application-optimized contrast using
different flip angle evolutions (SPACE),
and volume isotropic turbo spin-echo
acquisition (VISTA) provide improved
through-plane resolution and the
ability to perform high-quality multi-
planar reformats, including multiple
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Abbreviations:

ACL = anterior cruciate ligament
FCL = fibular collateral ligament
MCL = medial collateral ligament
PCL = posterior cruciate ligament
PLC = posterolateral corner

PMC = posteromedial corner

POL = posterior oblique ligament
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Physical Examination Tests for Evaluation of Knee Menisci and Ligamentous Structures

Structure Examined and Test Used Technique Positive Test Sensitivity (%)  Specificity (%)
Menisci
Joint line tenderness Direct palpation over medial and lateral Localized tenderness 63.3* 77.4¢
joint line
McMurray Flex knee to 90° with tibia in external Clicking or pain on extension 70.5* 7.1
rotation and then extend the knee; repeat
with tibia in internal rotation
Apley grind test Place patient prone with knee flexed to 90°; Pain on rotation and compression 60.7* 70.2*
rotate lower leg while distracting
or compressing the knee
Thessaly test Patient stands on one leg with knee at Pain during maneuver 15-92 45-98
5° or 20° of flexion and then rotates
knee and body internally and externally
ACL
Lachman Patient supine with knee flexed at 30°; Excessive anterior draw tibia 85* 94*
apply anterior force to tibia
Pivot shift test Knee extended, apply valgus and internal Anterior subluxation of the tibia in extension 24* 98*
rotation force as knee is flexed to 40° and reduction of the tibia in flexion
Anterior drawer test Knee flexed at 90° and foot planted on Anterior draw tibia 55* 92*
table; apply anterior and posterior force
to proximal tibia
PCL
Posterior sag sign Hip flexed at 45° and knee flexed at 90° Decreased prominence of proximal tibia 46-100 100
Quadriceps active test Active extension of the knee from flexed Anterior translation of tibia 53-98 96-100
position
Posterior drawer test Knee flexed at 90° with foot planted on bed; Excessive posterior displacement of tibia 22-100 100
reduce tibia anteriorly and attempt to
displace tibia posteriorly
PLC
Varus test at 0° and 30° Stabilize thigh in extension or 30° of flexion Increased lateral joint line opening Not reported  Not reported
and apply varus force
Dial test at 30° and 90° Knee flexed to 30° and also 90° and the Side-to-side difference of 10°—15°. Positive Not reported Not reported
maximal degree of external rotation of the test at 30° only reflects PLC injury. Positive
tibia in relation to the femur is recorded test at 30° and 90° reflects PLC and
cruciate injury
Posterolateral drawer test Hip flexed 45°, knee flexed 90°, foot in Pure external rotation of the tibia: isolated PLC Not reported Not reported
external rotation and apply posterior force injury including popliteus and popliteofibular
to tibial tuberosity ligament. Posterior translation and external
rotation: combined PCL and PLC injury
MCL and PMC
Valgus stress test at 0° and 30°  Valgus stress applied to the knee at 0° and Increased medial opening at 30°: MCL injury. Not reported Not reported
30° and degree of medial joint line Increased medial opening at extension:
opening assessed MCL, PMC, and cruciate ligament injury
Anteromedial drawer test Knee flexed 90°, foot in external rotation Increased anteromedial rotation of tibia with Not reported Not reported

and apply anterior draw

injury to MCL and PMC

Note.—ACL = anterior cruciate ligament, MCL = medial collateral ligament, PCL = posterior cruciate ligament, PLC = posterolateral corner, PMC = posteromedial corner.

* Denotes pooled sensitivity and specificity data.

oblique image plane orientations.
However, geometric blurring can be
more pronounced, the contrast char-
acteristics can vary from two-dimen-
sional fast spin-echo pulse sequences,

and imaging times can be significantly
longer (16). To date, three-dimen-
sional fast spin-echo pulse sequences
have demonstrated similar accuracy
to two-dimensional acquisitions in the

assessment of internal derangement
of the knee (16,17). In our practice,
we routinely use three-dimensional
isotropic acquisitions during examina-
tions performed at 3 T, as we find the
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Figure 1

Figure 1:

(a) Sagittal reformatted CT scan of the knee in a 25-year-old man with clinically suspected

tibial fracture following a skiing injury shows disruption of the mid- ACL (arrow) with soft-tissue windows. (b)
Subsequent sagittal T2-weighted fat-suppressed MR image confirms a complete tear of the ACL (arrow).

improved spatial resolution useful as a
problem-solving tool.

Meniscal Injuries

Acute traumatic meniscal tears are
frequently seen in the athletic popula-
tion either as an isolated finding or in
conjunction with ligamentous injuries.
There are well-established MR imag-
ing criteria in the diagnosis of meniscal
tears. In the absence of prior meniscal
surgery, the criteria for a meniscal tear
includes abnormal intrameniscal sig-
nal intensity on short-echo-time pulse
sequence images extending to an artic-
ular surface on at least two sections,
alteration of meniscal morphology, or
identification of displaced meniscal
fragments. The pooled sensitivity and
specificity of MR imaging for meniscal
tears is 93% and 88%, respectively,
for the medial meniscus and 79% and
95%, respectively, for the lateral me-
niscus (18).

We will review the patterns of
meniscal tears associated with acute
trauma, the relationship of meniscal
tear morphology to symptoms, asso-
ciations of meniscal tears with liga-
mentous injuries, and the utility of MR

imaging in predicting reparability and
stability of meniscal injuries.

Meniscal tears can be classified as
horizontal, radial, vertical longitudinal,
horizontal flap, vertical flap, or complex
(19). Horizontal tears are one of the
most common tear morphologies, oc-
curring in more than 30% of patients at
arthroscopy, particularly in relation to
the posterior horns of the medial and
lateral menisci (20). Horizontal tears are
frequently seen in the absence of a de-
fined traumatic event and are more com-
mon in those over the age of 40 years
(20). Radial tears may be seen with or
without trauma, whereas vertical lon-
gitudinal tears are commonly seen as
a result of an acute traumatic episode.
The medial meniscus is involved in up
to 87% of patients with flap tears, typi-
cally affecting the posterior horn or the
body (21,22). The most common sites of
meniscal flap displacement are the pos-
terior intercondylar notch adjacent to
the PCL (Fig 2) or into the synovial re-
cesses of the medial and lateral gutters.
Identification of displaced flap tears and
acute bucket-handle tears are important
because these are often treated expedi-
tiously by means of surgery to prevent
further propagation of the tear.

Figure 2

|

Figure 2:  Coronal intermediate-weighted MR
image in a 28-year-old male volleyball player with
pain following a twisting injury on landing from a
jump. There is a large flipped meniscal fragment
(arrowhead) arising from the medial meniscus and
displaced posteriorly in the intercondylar notch
adjacent to the PCL.

The location of the tear within the
meniscus influences the decision-mak-
ing process with regard to meniscal
repair. Histologic analysis has dem-
onstrated a peripheral vascular zone,
often referred to as the red zone, and
an inner margin avascular zone, often
referred to as the white zone (23).
Meniscal tears within 3 mm of the me-
niscocapsular junction are considered
vascular, with a high propensity for
healing, whereas tears greater than
5 mm from the periphery are located
within the avascular zone, with lower
rates of healing. Tears within 3-5 mm
of the periphery (ie, the red-white
zone) have variable vascularity (24).

Not all meniscal tears are symptom-
atic or require treatment. It has been
shown that meniscal tears may be seen
in up to 63% of asymptomatic knees
(25). The incidence of asymptomatic
meniscal tears is dependent on the tear
morphology. Horizontal oblique tears
violating only one articular surface
are the most common pattern seen in
asymptomatic knees (25). In contrast,
vertical, radial, complex, or displaced
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Figure 3

Figure 3:

(a) Sagittal intermediate-weighted and (b) axial T2-weighted fat-suppressed MR images in a

36-year-old woman with an ACL tear show a peripheral vertical longitudinal tear of the posterior horn of the
medial meniscus (arrowheads). Axial image also shows torn ACL fibers flipped anteriorly in the intercondylar

notch (arrow).

meniscal tears are less commonly en-
countered as asymptomatic findings
(25). The presence of adjacent bone
marrow or pericapsular edema in con-
junction with a meniscal tear is also
more likely to be associated with symp-
toms (25).

The association of meniscal tears
with ligamentous injuries has been
most extensively studied in the setting
of ACL tears. A recent study demon-
strated meniscal tears in 72% of pa-
tients with acute ACL tears and 85%
with chronic ACL tears (26). In acute
ACL tears, the lateral meniscus alone
was involved in 70%, the medial me-
niscus alone was involved in 10%, and
both menisci were involved in 20%.
In contrast, in chronic ACL tears, the
lateral meniscus alone was involved in
34%, the medial meniscus alone was in-
volved in 25%, and both menisci were
involved in 41% (26). Ninety percent of
peripheral vertical longitudinal menis-
cal tears are seen in patients with ACL
tears, and the presence of a peripheral
vertical meniscal tear should raise sus-
picion for an associated ACL tear (27)
(Fig 3). Following ACL injury, the sen-
sitivity of MR imaging is reduced for
detection of medial and, in particular,
lateral meniscal tears, with sensitiv-
ities of 88% and 69%, respectively, in

one study (27); the majority of missed
meniscal tears involved the posterior
horn of the lateral meniscus (28). In the
setting of ACL injury, posterior horn
lateral meniscal tears commonly dem-
onstrate a cleavage plane associated
with the insertion site of the menisco-
femoral ligament and abnormality of
the posterosuperior popliteomeniscal
ligament. However, peripheral menis-
cal tears have a propensity for healing
and may heal by the time arthroscopy
is performed, resulting in an apparent
“false-positive” diagnosis (29). False-
positive diagnoses as a result of healed
tears are more likely if the tear is at the
meniscocapsular junction, only contacts
the superior articular surface, is only
visualized on intermediate-weighted
pulse sequence images, is not of fluid
signal intensity, measures less than 2
mm in width, and contains low-T2-sig-
nal intensity strands within the tear
plane (29,30).

ACL tears are also associated with
posterior root tears of the menisci (31)
(Fig 4). Radial posterior root tears may
result in alteration of the circumferen-
tial hoop stresses through the meniscus
causing meniscal extrusion, increased
tibiofemoral contact forces, and accel-
erated degenerative changes in the knee
(32). The majority of such meniscal

Figure 4

Figure 4: Coronal intermediate-weighted MR im-
age in a 39-year-old recreational basketball player
with a subacute to chronic ACL tear (not shown)
shows a radial tear at the junction of the posterior
horn and posterior root attachment of the lateral
meniscus (arrowhead) with a horizontal extension of
the tear into the posterior horn.

root tears are thought to be chronic in
nature but acute meniscal root injuries
may be encountered in conjunction
with ACL tears, hyperflexion injuries,
and in the specific setting of grade III
MCL tearing with intact meniscocapsu-
lar attachments (32,33). The posterior
root of the medial meniscus is involved
in approximately 50% of meniscal root
tears, and the posterior horn of the
lateral meniscus is involved in 40%,
with the remainder representing avul-
sion injuries of the anterior horn of the
lateral meniscus (34). MR imaging and
arthroscopic classification systems of
posterior meniscal root tears have been
introduced that classify tears based on
relationship to the enthesis, posterior
root ligament, or the junction with the
posterior horn of the meniscus, as well
as possible longitudinal tear extension
into the posterior horn of the menis-
cus (34,35). Although tears through the
vascular posterior root attachment are
amenable to surgical repair, radial tears
of the posterior horn adjacent to the
root may not be reparable, highlighting
the importance of accurate anatomic
characterization at imaging (33).

In the setting of isolated PCL tears,
meniscal tears are seen in almost 30%
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Figure 5

a.

Figure 5: Sagittal T2-weighted fat-suppressed MR images of the (a) peripheral and (b) more central
aspect of the medial compartment of the knee in a 33-year-old female field hockey player with a subacute
twisting injury show a fluid signal intensity medial meniscal tear with vertical and horizontal components.
There is slight displacement of the apical inner margin (arrowhead). The tear extended over 2 cm and was

unstable at arthroscopy.

of patients, with a higher incidence
of tearing of the anterior horn of the
lateral meniscus (36). The propensity
for tearing of the anterior horn of the
lateral meniscus is likely related to the
hyperextension mechanism of injury
implicated in many cases of PCL injury.

In the young athletic population,
meniscal tears are ideally repaired
rather than resected, given the poten-
tial for developing premature osteoar-
thritis following partial meniscectomy.
Surgical criteria for meniscal repair
include meniscal tears greater than
10 mm in length, unstable on prob-
ing, located within 3 mm of the me-
niscosynovial junction, involvement of
greater than 50% of the thickness of
the meniscus, and an intact peripheral
body or inner meniscal fragment (37).
With the above criteria, MR imaging
yielded a mean accuracy of 60%-74%,
sensitivity of 29%-47%, and specificity
of 74%-89% in predicting whether a
meniscal tear is reparable at surgery
(37,38).

The MR criteria for unstable menis-
cal tears include a tear greater than 1
cm in length, presence of more than

one morphologic tear pattern, high T2
signal intensity within the tear plane,
and presence of a displaced meniscal
fragment (39) (Fig 5). Although the
specificity and positive predictive values
of these signs have been shown to be
greater than 90% in diagnosing an un-
stable meniscal tear at MR imaging, the
sensitivity ranged only between 18%
and 54%, with tear length having the
highest sensitivity and high T2 signal in-
tensity of the tear cleft having the low-
est sensitivity.

Anterior Cruciate Ligament Injuries

The ACL is the most commonly recon-
structed knee ligament and one of the
most commonly injured knee ligaments
(40). ACL reconstruction has tradition-
ally been performed with single-bundle
ACL grafts, which aim to reconstruct
the anteromedial bundle of the ACL.
However, advances in surgical manage-
ment of ACL injuries such as double-
bundle reconstruction techniques as
well as surgical treatment of partial
tears have necessitated more accurate
assessment of ACL injuries.

The ACL arises from the medial
margin of the lateral femoral condyle
and consists of a longer anteromedial
bundle and a shorter posterolateral
bundle named after their tibial inser-
tion points. The posterolateral bundle
has a more distal origin than the an-
teromedial bundle, with a more oblique
orientation. The ACL fans out from
proximal to distal, with a larger tibial
footprint in comparison with its femo-
ral origin. Consequently at MR imaging,
the ACL has an elliptical homogeneous
low signal intensity appearance on axial
images through the proximal intercon-
dylar notch and a heterogeneous ap-
pearance on axial and coronal images
more distally through the notch where
the anteromedial bundle and postero-
lateral bundle can be independently
distinguished. The two bundles are
also functionally distinct. The isometric
anteromedial bundle is maximally taut
in flexion and is the primary restraint
to anterior tibial translation during
flexion. The posterolateral bundle is
maximally taut in extension, acting as
a restraint to anterior tibial translation
in extension as well as a restraint to
tibial rotation. On sagittal MR images
obtained with the knee extended, the
ACL fibers are taut and run parallel or
within 9° of the roof of the intercondy-
lar notch (Blumensaat line) (41).

The highest rates for ACL injury are
seen in soccer (particularly indoor soc-
cer), Australian football, alpine skiing,
handball, wrestling, rugby, and basket-
ball (42). There is a higher incidence
of ACL injury in females in most sports
but particularly in basketball, soccer,
and handball (42). The higher incidence
of ACL tears in females is thought to
be related to ligament size, limb align-
ment, muscle strength, and activation
patterns, and possibly the intercondy-
lar notch size. Approximately 70% of
ACL tears are as a result of noncontact
injuries, with 30% caused by a direct
impact to the knee (43).

Noncontact ACL injuries variably
occur as the result of a complex set
of factors, including the position of the
knee, the ground reaction force, and
quadriceps loading, as well as valgus/
varus and rotatory forces on the knee.
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Figure 6

a.
Figure 6:

b.
(a) Anteroposterior radiograph of the knee in a 19-year-old male soccer player with an acute

knee injury shows a Segond fracture (white arrowhead), ACL tibial footprint avulsion (black arrowhead), and
an avulsion fracture of the fibular head (arrow) consistent with ACL and PLC injuries. (b) Sagittal T2-weighted
fat-suppressed MR image in the same patient shows the ACL avulsion (arrow) with mild edema and loss of

the cortical outline of the ACL footprint (arrowhead).

Most noncontact injuries occur during
a sharp deceleration at the time of
changing direction or upon landing af-
ter a jump (44). It has been shown that
physiologic strain on the ACL is pri-
marily the result of the proximal tibial
anterior shear force (45), which is typ-
ically exerted through the quadriceps
mechanism, and the force increases
as the knee flexion angle decreases.
Forces through the ACL are accentu-
ated when anterior tibial translation
is combined with either varus or val-
gus loading (46). Numerous noncon-
tact mechanisms have been described
in ACL injuries. The pivot shift injury
composed of valgus force, quadriceps
loading, and a planted foot with rel-
ative internal rotation of the tibia in
relation to the femur
mechanism seen in sports such as soc-
cer, in which there are abrupt changes
in direction (47). This mechanism of
ACL injury produces the characteristic
osseous contusions of the lateral femo-
ral condyle, posterior aspect of the lat-
eral tibial plateau, and less commonly
medial-sided contusions. A varus force
with internal rotation of the tibia

iIs a common

may also result in ACL injury and has
been implicated in the etiology of the
Segond fracture, involving the lateral
rim of the tibia.

With contact injuries, the typical
mechanisms of injury include a clip in-
jury, whereby a valgus force is applied
to the partly flexed knee, or a hyper-
extension injury. Clip injuries are as-
sociated with MCL and medial menis-
cal tears and are often associated with
lateral osseous contusive injuries. Hy-
perextension injuries may be combined
with varus or valgus force. A hyperex-
tension varus force, with anteromedial
bone bruising, can be associated with
PLC injuries whereas a hyperextension
valgus injury, with anterolateral bone
bruising, may result in PMC injuries.
Severe hyperextension injuries may re-
sult in knee dislocation with associated
risk of neurovascular injuries.

Radiographs obtained early following
ACL injury most commonly demonstrate
distention of the joint capsule. ACL tears
are one of the most common causes for
an acute large hemarthrosis in the ath-
letic population, and 41%-75% of acute
knee injuries with a hemarthrosis have

Figure 7

Figure 7:  Sagittal T2-weighted fat-suppressed
MR image in a 27-year-old male soccer player with
a subacute complete ACL tear shows complete
discontinuity of the mid ACL (arrow). The proximal
and distal fibers (arrowheads) are more vertically
and horizontally oriented, respectively.

an ACL tear (48,49). In pivot shift in-
juries, there may be a deep lateral sul-
cus sign or subtle deformity of the pos-
terior rim of the lateral tibial plateau.
With flexion and varus injury, a Segond
fracture may be evident. Such bone
changes are not very sensitive but are
highly specific for an ACL injury. In the
adolescent population in particular, an
avulsion fracture of the distal ACL foot-
print may be discernable on radiographs
(Fig 6).

MR imaging has a pooled sensitiv-
ity and specificity of 94% for ACL tears
(18). Immediately following a complete
ACL rupture, the most common appear-
ance is that of focal discontinuity or dif-
fuse swelling and increased signal inten-
sity within the ACL (50). An abnormal
orientation of the ACL may also be seen
with complete tears, with either poste-
rior bowing of the ACL (51) or a ver-
tical orientation of the proximal fibers
and horizontal orientation of distal
fibers of the torn ligament (50) (Fig 7).
It is important to distinguish ligamen-
tous tears from avulsion fractures of
the distal ligament insertion, as these
may be amenable to primary surgical
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Figure 8

a.

b.
Figure 8: (a) Sagittal T2-weighted fat-suppressed MR image in a 30-year-old male basketball player shows osseous contusive injury consistent with a pivot shift

injury (arrowheads). (b) Axial T2-weighted fat-suppressed MR image through the proximal intercondylar notch shows an intact origin of the ACL (arrowhead). (c) Axial
T2-weighted fat-suppressed MR image through the distal intercondylar notch shows only an intact anteromedial bundle (arrowhead) with nonvisualization of the

posterolateral bundle.

fixation. Occasionally, the distal stump
of a torn ACL may flip anteriorly and
may be responsible for locking, clini-
cally mimicking a bucket-handle tear.
This has been referred to as a preop-
erative cyclops lesion or a bell-hammer
tear and has a higher incidence with
partial tears with anteromedial bundle
disruption (32). A number of second-
ary MR imaging signs of ACL injury
have been described, such as anterior
translation of the lateral tibial plateau
in relation to the lateral femoral con-
dyle, uncovering of the posterior horn
of the lateral meniscus, and buckling of
the PCL. These are of limited additional
utility to primary signs in the setting of
complete ACL tears.

Partial ACL tears account for 10%-
36% of surgically treated patients (53)
but this is likely a significant underes-
timate of the incidence of partial tears
and there is debate as to the accuracy
of clinical evaluation of partial ACL in-
juries. Tears of the anteromedial bun-
dle are more common (52) and the
anteromedial bundle is more prone to
injury with the knee flexed, whereas
the posterolateral bundle is at risk with
hyperextension and internal rotation in-
juries (54). MR imaging has diminished
accuracy in the diagnosis of partial ACL
tears in comparison with complete tears

(55-57). In one study, increased intra-
substance signal, distortion, and atten-
uation of fibers or an abnormal orien-
tation of the ACL were interpreted as
being indicative of a partial tear, but
up to 23% of partial tears could not be
distinguished from a normal ligament
by using the above criteria and up to
23% of partial tears could not be dis-
tinguished from complete tears (357).
The performance of 3-T MR imaging
appears to be better however, with sen-
sitivity, specificity, and accuracy of 77%,
97%, and 95%, respectively, in the di-
agnosis of partial ACL tearing (58). Iso-
tropic three-dimensional fast spin-echo
pulse sequences and oblique coronal
and oblique axial acquisitions appear to
result in some improvement in diagnos-
tic accuracy in comparison with stan-
dard orthogonal planes, although this is
not always significant (14,59,60). Surgi-
cal options in patients with partial ACL
tears include single-bundle or complete
ACL reconstruction, and this is usually
undertaken in those with symptomatic
instability or those at risk for develop-
ing ACL insufficiency (54). The risk of
developing ACL insufficiency is related
to the severity of injury and can exceed
85% when more than 75% of the liga-
ment is injured. In contrast, when less
than 25% of the ligament is injured, the

risk of developing ACL insufficiency is as
low as 12% (61). As the need for sur-
gical treatment is partly dependent on
anterior instability, some studies have
attempted to stratify partial tears as
stable or unstable based on MR imag-
ing appearances. With use of axial ac-
quisitions, nonvisualization of the ACL,
visualization of a single bundle (Fig 8),
or demonstration of a masslike appear-
ance was associated with unstable tears
(unstable partial and complete tears)
whereas attenuated fibers, intrasu-
bstance signal intensity change, and an
elongated ellipsoid appearance were as-
sociated with a stable ACL (stable par-
tial tears and normal ligaments), with
100% sensitivity and 96% specificity.
However in this same study it was not
possible to distinguish a stable partial
tear from a normal ACL or an unsta-
ble partial tear from a complete tear.
Osseous contusive injury appears to
be associated with higher grade partial
tears of the ACL (62). A more recent
study demonstrated a sensitivity of 77%
and specificity of 92% in distinguishing
between stable and unstable tears, with
fiber discontinuity and abnormal ACL
orientation having the highest accuracy
(63). Anterior tibial translation, uncov-
ering of the posterior horn of the lateral
meniscus, and buckling of the PCL were
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Figure 9
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Figure 9: Sagittal T2-weighted fat-suppressed
MR image in a 22-year-old man 8 weeks after a
soccer injury shows a complete tear of the proximal
ACL with scarring onto the PCL (arrowhead).

seen only with unstable tears (63). Most
discrepancies were seen in the setting of
chronic partial tears. It has been dem-
onstrated that some chronic complete
ACL tears may demonstrate end-to-end
reattachment or scarring onto the PCL
(Fig 9). These may be mistaken for low-
grade partial tears or intact ligaments
on MR images and clinically they may
also demonstrate an end point and less
laxity at Lachman testing (64).

ACL expansion and increased sig-
nal intensity may also be seen in ACL
mucoid degeneration and ganglia (65)
and can be mistaken for partial tears,
especially as they can be a source of
knee pain (Fig 10). The distinction from
partial tears is based on continuity of
fibers, best seen on T2-weighted im-
ages. Intraosseous cystic changes are
commonly seen at the proximal and dis-
tal ACL attachments in mucoid degen-
eration and ganglion formation (65).

Posterior Cruciate Ligament Injuries

PCL injuries are relatively uncommon,
with isolated PCL injuries accounting
for 4% of all knee ligamentous injuries
(40). However, this may be an under-
estimate as some isolated PCL injuries

Figure 10

{

Figure 10:  Sagittal T2-weighted fat-suppressed
MR image in a 39-year-old man with knee pain with
no recent history of trauma shows an ACL ganglion
cyst (arrow) extending along the ACL. Intact ACL
fibers are visualized anteriorly (arrowhead).

may go unrecognized, and many ath-
letes successfully return to play despite
PCL insufficiency (66). The highest in-
cidence of PCL injuries is seen in road
traffic accidents, followed by athletic
injuries, particularly in soccer, football,
and skiing.

The PCL originates from the lateral
aspect of the medial femoral condyle
anteriorly and inserts distally onto the
posterior intercondyloid fossa of the
tibia in close proximity to the posterior
root of the medial meniscus. It consists
of a larger anterolateral bundle and
smaller posteromedial bundle that, sim-
ilar to the ACL, have a reciprocal ten-
sioning pattern. The PCL is the major
restraint to posterior translation of the
tibia, with the larger anterolateral bun-
dle taut in flexion and the posterome-
dial bundle taut in extension. The PCL
is also a secondary restraint to external
rotation of the tibia.

Various mechanisms of PCL injury
have been described, and the mech-
anism of injury may be inferred from
the osseous contusive pattern on MR
images (67). One of the most common
mechanisms of PCL injury is an ante-
rior blow to the proximal tibia, typically
with the knee in flexion. This may be

seen in motor vehicle accidents with
dashboard injuries or with athletic in-
juries such as a fall onto a flexed knee
resulting in bone marrow edema of the
anterior tibia. Depending on the se-
verity of the force, this may result in
an isolated PCL injury or a multiliga-
mentous injury. Hyperflexion injuries
may also produce an isolated PCL tear
particularly involving the larger antero-
lateral bundle (68). Hyperextension in-
juries resulting from a blow to the an-
terior aspect of an extended knee may
produce kissing contusions of the femur
and tibia anteromedially or anterolater-
ally and may result in multiligamentous
injuries involving the PCL, ACL, PLC,
or PMC structures. Rotational injuries,
with relative internal rotation of the fe-
mur/external rotation of the tibia, can
also injure the PCL.

Radiographic assessment of poste-
rior knee laxity should include a lateral
view in flexion, as posterior transla-
tional instability is most marked in flex-
ion when the dominant larger antero-
lateral bundle would normally be the
major restraint to posterior translation.
Translational instability may be further
aided by stress radiography with or
without dedicated devices to accentu-
ate posterior translation of the tibia.
Various maneuvers including kneeling
lateral radiographs or decubitus lateral
radiographs with attempted active flex-
ion of the knee against resistance at
the ankle may highlight posterior tib-
ial translation (69,70). Measurements
are taken from the posterior cortex of
the tibia to the posterior cortex of the
femoral condyles and are compared
with the unaffected knee. A side-to-
side difference of 5-12 mm on stress
radiographs is indicative of an isolated
complete PCL tear whereas a side-to-
side difference in excess of 12 mm is
indicative of a multiligamentous injury
(71). With PCL avulsion fractures, CT
can be used to accurately assess the
size, number, and displacement of bone
fragments.

The PCL, in contrast to the ACL, is
homogeneously of low signal intensity
with all MR imaging pulse sequences.
Magic angle phenomenon may be en-
countered in the region of genu and
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Figure 11
J

Figure 11:

Sagittal T2-weighted fat-suppressed
MR image in a 26-year-old male football player
shows a transverse complete tear of the PCL distal
to the genu (arrowhead).

more distally on images obtained with
short echo-time pulse sequences as a
result of collagen fibers oriented at 55°
to the main magnetic field. This can
be distinguished from a partial tear by
demonstration of corresponding low
signal intensity on long-echo-time im-
ages and an anteroposterior thickness
of the ligament, measuring less than
6 mm (72). Injury to the PCL may re-
sult in transverse or longitudinal inter-
stitial tears (Fig 11). As such, imaging
appearances of PCL tears include focal
discontinuity of the PCL or diffuse in-
creased signal intensity of the PCL vi-
olating its margins, typically with thick-
ening of the ligament resulting in an
anteroposterior dimension exceeding 7
mm (Fig 12). The increased signal in-
tensity is commonly not of fluid signal
intensity. Thickening of the PCL has a
sensitivity and specificity in excess of
90% for a tear (72). Tears of the fem-
oral origin of the PCL can be relatively
subtle, with mild edema and without a
significant gap (Fig 13). Ligamentous
injuries of the PCL should be distin-
guished from osseous avulsions, as the
latter are amenable to treatment by
means of primary fixation. Partial tears
may account for approximately 50% of

Figure 12

Figure 12:  Sagittal T2-weighted fat-suppressed
MR image in a 29-year-old man with clinical
evidence of posterior knee laxity shows an interstitial
tear of the PCL with diffuse thickening.

PCL injuries (72). Intrasubstance mu-
coid degeneration of the PCL, result-
ing in a “tram-track” appearance, may
mimic a partial or interstitial tear but in
contrast to partial tears, the abnormal
signal should not violate the margins of
the ligament (73). In chronic tears of
the PCL, the ligament may be diminu-
tive or not visualized. However, in some
series, as many as 86% of high-grade
PCL injuries demonstrated fiber conti-
nuity at a mean of 3.2 years after injury
(74). Up to 28% PCL tears may have
a completely normal appearance at fol-
low-up imaging (75). This is more com-
mon in the group imaged more than 6
months after injury and can be associ-
ated with improved posterior knee lax-
ity. MR imaging assessment of chronic
PCL injuries is less reliable than assess-
ment of acute injury, as continuity of
PCL fibers in chronic injuries can be
mistaken for a partial tear or even a
normal PCL, particularly if prior imag-
ing studies or accurate clinical informa-
tion is lacking (76). Overall MR imaging
has a pooled sensitivity and specificity
of 91% and 99%, respectively, for PCL
tears (18).

Given the association of PCL
tears with multiligamentous injuries,

Figure 13

Figure 13:  Sagittal T2-weighted fat-suppressed
MR image in a 34-year-old male soccer player who
sustained an anterior blow to the knee resulting in
a hyperextension injury shows 0sseous contusion
of the proximal tibia () and a complete tear of the
femoral origin of the PCL (arrowhead). There is also
a posterior capsular tear (arrow).

assessment of the posterolateral and
posteromedial structures on MR im-
ages is of critical importance, as con-
comitant injuries to these structures
may be overlooked clinically and are
associated with a poorer prognosis if
untreated. In PCL-deficient knees, the
popliteus tendon and the posteromedial
stabilizing structures act as important
secondary stabilizers of the knee. In
acute high-grade PCL injuries, chondral
lesions are present in approximately
50% of patients, with the medial fem-
oral condyle being the most common
location (36). In chronic PCL tears, me-
dial femoral condyle and patellofemoral
chondral lesions may be seen in nearly
80% of patients (77). Patients with pos-
terior knee instability commonly lock
the knee in extension during gait to pre-
vent posterior translation of the tibia,
and this can also lead to patellofemoral
chondral changes over time.

Posterolateral Corner Injuries

PLC injuries can be easily overlooked,
and failure to address PLC injuries can
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Figure 14
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Figure 14: lllustration demonstrates the major
posterolateral stabilizers of the knee. (Reprinted,
with permission, from reference 78.)

result in significant morbidity and af-
fect the outcome of cruciate ligament
reconstruction.

The anatomy of the lateral stabi-
lizers is complex and consists of static
and dynamic stabilizers (Fig 14). The
static stabilizers include the fibular col-
lateral ligament (FCL), popliteofibular
ligament, arcuate ligament, fabellofibu-
lar ligament, iliotibial band, and the an-
terolateral ligament, while the dynamic
stabilizers include the popliteus, the
long and short heads of biceps femoris,
and the lateral head of gastrocnemius.

The FCL originates proximal and
posterior to the lateral epicondyle of
the femur and inserts onto the fibular
head, distal to the styloid process (78).
The popliteus muscle originates distally
along the posterior aspect of the tibia
and the tendon extends proximally and
laterally through the popliteus hiatus to
insert onto the lateral femoral condyle,
inferior and anterior to the origin of the
FCL (78). The popliteus also serves as
the attachment point of several other
ligamentous structures, including the
popliteomeniscal fascicles and the pop-
liteofibular ligament. The anteroinfe-
rior, posterosuperior, and posteroinfe-
rior popliteomeniscal fascicles act as
stabilizers of the lateral meniscus (79).

Figure 15

b

Figure 15:  Coronal intermediate-weighted MR
image in a 24-year-old man with clinical evidence of
isolated posterolateral instability shows a partial tear
of the proximal popliteus (arrow) and a complete
tear of the popliteofibular ligament (arrowhead). The
cruciate ligaments were intact.

The anterior and posterior divisions of
the popliteofibular ligament are impor-
tant stabilizers of the PLC. They arise
from the myotendinous junction of the
popliteus, posterior to the proximal
tibia, and extend distally to insert onto
the styloid process of the fibula with the
arcuate ligament. The arcuate ligament
is a Y-shaped structure inserting onto
the styloid process distally with medial
and lateral limbs proximally. The stron-
ger lateral limb attaches to the lateral
femoral condyle and the medial limb
attaches to the posterior capsule. The
biceps femoris consists of a long head
and a short head, each with multiple in-
sertions along the posterolateral aspect
of the knee (80). The most important
attachments of the long head of biceps
are the direct and anterior arms, both
attaching onto the fibular head. The
short head of biceps also consists of a
direct arm, inserting onto the fibular
head, and the anterior arm, attaching
onto the tibia posterior to the Gerdy
tubercle. The iliotibial band originates
from the iliac crest and inserts distally
via a superficial layer onto the Gerdy tu-
bercle at the anterolateral tibia and via

a deep layer onto the lateral intermus-
cular septum of the lateral femoral con-
dyle. The anterolateral ligament, previ-
ously also referred to as the mid-third
lateral capsular ligament, originates
from the lateral epicondyle, inserts dis-
tally onto the proximal tibia posterior
to the Gerdy tubercle, and is implicated
in the Segond fracture (81,82). The
fabellofibular ligament originates from
the fabella proximally and inserts dis-
tally along the lateral aspect of the fib-
ular styloid.

Collectively, the posterolateral sta-
bilizers act primarily as restraints to
varus stress and external rotation of
the knee. Of these, the FCL, popliteo-
fibular ligament, and popliteus tendon
are considered the most important bio-
mechanically and are the structures ad-
dressed in anatomic posterolateral re-
constructions (80). The FCL acts as the
primary stabilizer of the knee to varus
instability, particularly in extension and
low flexion angles, as well as a restraint
to internal and external rotation of the
knee depending on the flexion angle
(83). The popliteus and popliteofibular
ligament also serve as restraints to ex-
ternal rotation of the knee particularly
in the flexed position. The posterolat-
eral stabilizers also act in concert as a
restraint to posterior translation of the
tibia particularly in extension (84).

Nine percent of acute knee injuries
with a hemarthrosis at presentation
will demonstrate a PLC injury, often in
combination with ACL or multiligamen-
tous injuries (49). Isolated PLC injuries
are rare and account for 15%-27% of
all PLC injuries (49,85) (Fig 15). Sim-
ilar to posterior cruciate ligament in-
juries, the most common mechanisms
of PLC injury are hyperextension varus
injuries or a direct blow to the proximal
tibia with the knee in a flexed position.
External rotation injuries in hyperex-
tension or flexion may also result in
tears of the PLC.

Imaging assessment of the PLC in-
cludes standing radiographs to assess
for varus malalignment and avulsion
fractures, including the arcuate fracture
of the fibular styloid (popliteofibular,
arcuate, and fabellofibular ligaments),
avulsion of the fibular head (FCL and
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long head of biceps femoris), and the
Segond fracture (anterolateral liga-
ment and iliotibial band) (82,86) (see
Fig 6a). Stress radiography with varus
force may also be used to document the
degree of lateral joint space widening in
PLC injuries.

MR imaging consistently demon-
strates the FCL, popliteus tendon,
biceps femoris, and iliotibial band, but
identification of smaller ligamentous
structures may be less reliable owing
to their small caliber and obliquity to
orthogonal imaging planes. The pop-
liteofibular ligament, arcuate ligament,
and the fabellofibular ligament are only
seen on up to 30% of in vivo MR im-
aging studies (87). Visualization of the
popliteofibular ligament is improved
with isotropic three-dimensional acqui-
sitions and may be seen on up to 91%
of MR studies (88). It has been sug-
gested that the anterolateral ligament
is seen on nearly all MR studies (89).
In patients with grade III PLC injuries,
multiple components of the PLC are in-
jured in 57%-100% of patients (49,90)
(Fig 16). Anteromedial bone bruises
are the most common site of osseous
injury with acute grade Il PLC injuries,
and they are seen with both isolated
and multiligamentous injuries but are
more common with multiligamentous
injuries (85).

The FCL may be injured at its or-
igin, commonly in association with in-
jury to the popliteus or distally at its
insertion to the fibula. Partial tears
are evident as altered caliber with lig-
amentous and periligamentous edema,
in contrast to complete tears whereby
there is complete disruption, typically
with some degree of redundancy of the
ligament. The popliteus may be injured
proximally along its tendinous attach-
ment or at its myotendinous junction.
Myotendinous injuries are typically
partial tears. Popliteofibular ligament
injuries may be less reliably demon-
strated on MR images. Injury may
be evident as altered caliber or focal
discontinuity of the popliteofibular liga-
ment (Fig 17). In one study, in addition
to cruciate ligament injuries, over 90%
of popliteofibular ligament injuries
were associated with iliotibial band

Figure 16
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Figure 16:  Coronal intermediate-weighted MR
image in a 29-year-old man with an ACL tear also
shows retracted complete tears of biceps femoris
(white arrow) and fibular collateral ligament (white
arrowhead) as well as tears of the proximal poplit-
eus (black arrow) and the popliteofibular ligament
(black arrowhead).

injuries (91). In cases in which the pop-
liteofibular ligament is not well visual-
ized, edema along its expected location
between the popliteus myotendinous
junction and the fibular styloid should
raise concern for an injury to the pop-
liteofibular ligament and PLC. Arcuate
ligament injuries may be inferred in
the presence of posterolateral capsu-
lar edema and edema posterior to the
popliteus tendon in the region of the
popliteal hiatus (90). Edema and hem-
orrhage along the posterior capsule,
particularly with more confluent areas
of fluid signal intensity, should raise
concern for a posterior capsular injury.
Tears of the anterolateral ligament are
also referred to as soft-tissue Segond
injuries and may be seen as thickening
or disruption of the ligament posterior
to the iliotibial band and may contrib-
ute to ongoing instability following ACL
reconstruction (92,93). In patients with
clinical posterolateral instability requir-
ing surgery, the incidence of complete
tears of FCL, popliteofibular ligament,
and popliteus were 86%, 72%, and
68%, respectively (90).

Figure 17

Figure 17:  Coronal intermediate-weighted MR
image in a 35-year-old man with a hyperextension
injury and a PCL tear (not shown) shows a tear at
the insertion of the popliteofibular ligament/arcuate
ligament onto the styloid process of the fibula (ar-
rowhead) and a complete tear of the myotendinous
junction of the popliteus (arrow).

Accuracy of MR imaging for detec-
tion of PLC injuries is dependent on
the grade of injury and the structure
involved. In grade Il PLC injuries, ac-
curacy rates as high 95% have been
reported for FCL, iliotibial band, an-
terolateral ligament, and biceps femoris
tears, with accuracies of 90% and 68%
for popliteus tendon and popliteofibular
ligament injuries, respectively (92).

Treatment of PLC instability has
typically consisted of acute repair of
the PLC injury with staged cruciate lig-
ament reconstruction, but recent data
suggest that posterolateral reconstruc-
tion may have a more favorable out-

come (94).

Medial Collateral Ligament and
Posteromedial Corner Injuries

MCL injuries are one of the most
common ligamentous injuries of the
knee (40), and the majority of MCL
injuries, including some complete
(grade III) tears, have traditionally
been conservatively treated. However,
conservative treatment of MCL injury
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Figure 18
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lllustration demonstrates the major medial and posteromedial stabilizers of the

knee. AMT = adductor magnus tendon, MGT = medial gastrocnemius tendon, MPFL = medial
patellofemoral ligament, SM = semimembranosus, sSMCL = superficial MCL, VMO = vastus
medialis obliquus muscle. (Reprinted, with permission, from reference 98.)

particularly in the setting of multiliga-
mentous injuries may result in chronic
medial instability and predispose to
failure of cruciate ligament recon-
struction (95). This recognition has
led to detailed studies of the anatomy
and biomechanics of the MCL and the
PMC structures, with development of
more complex and anatomic recon-
struction techniques (96).

The medial and posteromedial sta-
bilizers of the knee consist of the su-
perficial and deep MCL, the posterior
oblique ligament (POL), the semimem-
branosus tendon and its expansions,
the oblique popliteal ligament, and
the posterior horn of the medial me-
niscus (Fig 18). The PMC of the knee,

extending from the posterior aspect of
the superficial MCL to the medial as-
pect of the PCL, has been referred to as
a synergistic muscle-ligament-meniscal
unit, reflecting the complementary role
of static and dynamic stabilizers (97).
The superficial MCL originates
posterior and proximal to the medial
epicondyle with two biomechanically
distinct distal insertions onto the semi-
membranosus tendon and the postero-
medial crest of the tibia, up to 6 cm
distal to the medial joint line (98). The
deep MCL, representing thickening of
the medial joint capsule, consists of a
longer meniscofemoral and a shorter
meniscotibial component (98). The
POL, which is biomechanically distinct

from the MCL, originates from the fe-
mur posterior and proximal to the or-
igin of the superficial MCL. From its
origin it fans out distally inserting by
way of superficial, central, and cap-
sular arms onto the distal semimem-
branosus, the posteromedial capsule,
the medial meniscus, the posterome-
dial tibia, and the medial aspect of
the oblique popliteal ligament, with
the central arm representing the ma-
jor component of the ligament (98).
The semimembranosus, which acts as
a dynamic stabilizer of the PMC, has
multiple attachments onto the tibia
through anterior, direct, and inferior
arms, with additional insertions onto
the POL and along the oblique popli-
teal ligament (98,99).

The superficial MCL acts as the
primary stabilizer to valgus force
throughout the full range of motion
of the knee. The superficial MCL also
provides restraint to external, and to
a lesser extent to internal, rotation
of the tibia. The deep MCL provides
secondary restraint to valgus force and
acts as a restraint to internal rotation
of the tibia. The POL acts as the pri-
mary restraint to internal rotation of
the tibia and as a secondary restraint
to external rotation in early knee flex-
ion, as well as a restraint to posterior
translation of the tibia (98,100). The
posterior horn of the medial meniscus
prevents anterior translation of the
tibia in relation to the femur in what
has been termed “the chock-block
effect” (101). The semimembrano-
sus provides tension on the POL and
acts as a restraint to valgus force in
knee extension and a restraint to ex-
ternal rotation in knee flexion (102).
The PMC is particularly important in
the MCL- or PCL-deficient knee, as it
becomes a major restraint to valgus
stress and posterior tibial translation
in these scenarios, respectively.

The MCL and PMC may be injured
in contact and noncontact sports. In
the setting of contact sports such as
football, soccer, rugby, and martial
arts, a direct impact onto the lateral
knee with the foot planted produces a
valgus force resulting in lateral bone
bruises and may result in isolated
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Figure 19
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a.
Figure 19:

b.
(a) Coronal intermediate-weighted MR image in a 15-year-old male soccer player with a

hyperextension valgus injury shows an avulsion of the meniscotibial component of the deep MCL consistent
with a reverse Segond fracture (arrowhead) and a partial tear of the proximal PCL (arrow). (b) Anteroposterior
radiograph obtained 5 weeks after MR imaging shows evidence of healing of the reverse Segond fracture

(arrowhead).

a.

Figure 20:

(@) Coronal intermediate-weighted MR image in a 39-year-old man with a hyperextension

valgus injury shows a tear of the POL (white arrow) as well as a partial tear of the PCL (black arrow) and a
radial tear at the junction of the posterior horn and posterior root of the medial meniscus (arrowhead). (b)
Axial T2-weighted fat-suppressed MR image shows a partial tear of the superficial MCL (arrow) and the tear

of the POL (arrowheads).

injuries to the superficial and deep
MCL. Higher impact valgus injuries
can result in POL injury as well as con-
comitant cruciate ligament injuries.

External rotation of the tibia in addi-
tion to a valgus force, seen in sports
in which a cutting action is common as
well as in skiing, is more likely to cause

Figure 21
S ‘."

Figure 21:  Coronal intermediate-weighted MR
image in a 32-year-old woman with a valgus injury
shows a complete tear of the proximal superficial
MCL (arrow) and the meniscofemoral component
of the deep MCL (white arrowhead). The menisco-
tibial component of the deep MCL is intact (black
arrowhead).

injury to the PMC in addition to tears
of the superficial and deep MCL (103).
Combined tears of the superficial and
deep MCL as well as the PMC pro-
duce anteromedial rotatory instability
(97). Anteromedial rotatory instability
results in anterior subluxation of the
medial tibial plateau when an external
rotation force is applied to the tibia
during the anterior draw test or the
valgus stress test.

Radiography is of limited value in
evaluation of medial injuries. A valgus
injury may produce an avulsion at the
femoral origin of the superficial MCL.
Forced tibial external rotation and val-
gus force may result in avulsion of the
semimembranosus insertion, which is
associated with ACL tears (104). The
reverse Segond fracture, representing
avulsion of the tibial insertion of the
meniscotibial ligament immediately
distal to the medial joint line, is associ-
ated with PCL injuries (105) (Fig 19).

The superficial and deep MCL and
the POL are best evaluated on coronal
and axial MR images (Fig 20). Lateral
osseous contusive injury may be seen
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Figure 22

Figure 22:  Coronal intermediate-weighted MR
image in a 37-year-old man with a multiligamentous
injury shows evidence of an 0sseous avulsion of the
proximal superficial MCL (arrow).

in the setting of a direct valgus force
or rotational injury. Grade I injuries
demonstrate periligamentous edema
on images obtained with fluid-sensitive
sequences. Partial disruption of the lig-
amentous structures is the hallmark of
grade II injuries, whereas in grade III
injuries there is complete disruption of
the superficial and deep MCL (Fig 21).
Tears of the superficial MCL are more
commonly seen through the proximal
to mid-MCL. Tears of the distal super-
ficial MCL can result in displacement
of the ligament fibers anterior to the
pes anserine tendons (Stener lesion of
the MCL), which may impede healing.
In patients with anteromedial rotatory
instability, imaging will demonstrate a
tear of the POL in almost all patients,
injury to the semimembranosus in the
majority of patients, and a tear of the
posterior horn of the medial meniscus
in 30% of patients (106). Features af-
fecting the decision-making process
with regard to the treatment of medial
ligamentous injuries include the grade
of injury, involvement of the PMC or
the cruciates, the presence of osseous
avulsive injury (Fig 22), degree of liga-
ment retraction (Fig 23), entrapment of
the deep MCL within the medial joint,

Figure 23

Figure 23:  Coronal intermediate-weighted MR im-
age in a 40-year-old man with valgus injury during
martial arts training shows a complete retracted tear
of the distal superficial MCL (arrow) and a complete
tear of the meniscofemoral component of the deep
MCL (white arrowhead). The meniscotibial ligament
(black arrowhead) is intact.

and presence of the Stener lesion of the
MCL (96,107).

An understanding of the complex anat-
omy and biomechanics of the knee is
integral to the accurate diagnosis of
sports injuries of the knee. Identifica-
tion of injuries to intricate structures
and the subtleties of ligamentous and
meniscal injuries often have significant
implications in surgical management of
patients. An appreciation of the lim-
itations and pitfalls of imaging tests
is important in reducing interpretive
errors. The mechanism of injury, in-
ferred from osseous contusions, and
recognition of patterns of injury can be
helpful in highlighting the full extent of
the injury.
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