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Abstract Magnetic resonance (MR) imaging is a com-
monly used tool when evaluating patients with acute knee
injury or chronic knee pain. Although it has shown excel-
lent accuracy in diagnosing knee pathology, there remain
many potential pitfalls and missed lesions. These can be
secondary to inherent technical limitations or artifacts
related to MR. Also subtle pathology can be overlooked,
and anatomic structures and associated variants can be
misinterpreted as tears. In this article, we will review some
of the more common misses or pitfalls that occur in the
setting of sport-related injuries.
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Introduction

Since its introduction, magnetic resonance (MR) imaging
has quickly become the gold standard for noninvasive
evaluation of the knee [1]. Thanks to its excellent soft
tissue contrast, high spatial resolution and multiplanar
images, MR provides an accurate depiction of the anatomy
and associated intra- and extra-articular pathology. As a
result, MR has become a valuable tool with a significant
impact on patient care and treatment. In the setting of acute
knee trauma, MR has been shown to change the initial
diagnosis and subsequent therapy in over 50 % of cases
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[2]. For this reason, MR is often used in conjunction with
the clinical exam for preoperative evaluation and planning.
Despite these strengths and advances in coil and MR
technology, there remain many potential pitfalls and mis-
sed pathologies. These can be secondary to technical arti-
facts or limitations, anatomic variations, subtle pathology
that is overlooked and misinterpretation. This article will
focus on the more common misses or pitfalls that occur in
the setting of sport-related injuries.

Menisci

The menisci are critical structures for normal knee
mechanics. Attempts at meniscal preservation have led to
advanced meniscal repair techniques with improved long-
term outcomes [3]. Successful repair is dependent on the
tear location and pattern—with peripheral, longitudinal
tears having the best outcome [4]. Despite MR having a
high sensitivity and specificity in diagnosing meniscal tears
of 88 and 94 %, respectively, we continue to overcall or
undercall tears [5-7]. The increased use of 3-Tesla (3-T)
MR scanners in clinical practice has not demonstrated
significant improvements in diagnostic accuracy for men-
iscal tears when compared to 1.5 Tesla (1.5 T) [8, 9].
Overcalling tears can be secondary to another pathology
that causes signal alterations in the meniscus. Underlying
degenerative changes, such as intrasubstance or myxoid
degeneration in older patients and residual vascularity
within the periphery of the meniscus in younger patients,
can result in increased signal within the meniscus [10, 11].
In the setting of trauma, increased signal within the
meniscus can be secondary to meniscal contusion. [12]
Although these findings can be mistaken for a tear, careful
evaluation should demonstrate the absence of disruption or
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communication with the articular surface. Chondrocalci-
nosis also results in increased signal within the meniscus
mimicking myxoid degeneration and possible tears. In the
setting of chondrocalcinosis, MRI shows a significant
decrease in both, sensitivity and specificity to 72 and 78 %,
respectively [13].

Understanding the meniscal anatomy and its variations
can help avoid misinterpretation of normal structures,
which may mimic a tear. Although the menisci are nor-
mally low signal, the anterior root of the lateral meniscus
can have a fissured or striated appearance secondary to
decreased density of the collagen fibers, interposed fibro-
fatty tissue or interposed fibers of the anterior cruciate
ligament (Fig. 1) [14]. The transverse ligament, which

Fig. 1 Sagittal PD-weighted fat-suppressed images of a 17-year-old
male show the striated appearance of the anterior horn of the lateral
meniscus (arrowhead), which can be mistaken for a tear

Fig. 2 a Sagittal PD-weighted
image and b coronal T1-
weighted image demonstrate the
transverse ligament
(arrowheads). Linear increased
signal (arrow) between the
transverse ligament and anterior
horn of the lateral meniscus can
mimic a tear
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attaches to the anterior horns of the menisci, can be mis-
taken for a tear (Fig. 2) [15]. Similarly, the meniscofemoral
ligaments, the popliteomeniscal fascicles and popliteus
tendon can all resemble peripheral tears in the posterior
horn of the lateral meniscus (Fig. 3) [16]. The oblique
meniscomeniscal ligament, which connects the anterior
horn of one meniscus to the posterior horn of the contra-
lateral meniscus, only occurs in 1-4 % of the population
and can resemble a displaced meniscal fragment within
the intercondylar notch (Fig. 4) [17]. Being aware of
these normal anatomic structures can help avoid
misinterpretation.

Overlooked meniscal tears involve the less commonly
seen vertical longitudinal tears and radial tears, which

Fig. 3 Sagittal PD-weighted fat-suppressed image shows linear
increased signal (arrows) between the posterior horn of the lateral
meniscus and popliteus tendon (arrowheads), which can mimic a tear
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Fig. 4 a Coronal T2-weighted fat-suppressed image and b axial PD-weighted image demonstrate the uncommon oblique meniscomeniscal
ligament (arrows), which can resemble a displaced meniscal fragment within the intercondylar notch

comprise about 10 and 15 % of meniscal tears, respectively
[18]. The longitudinal tears (Fig. 5) appear to be the most
challenging to diagnose and tend to occur in the setting of
significant knee injury [19]. A review by De Smet et al.
[20] found that missed tears were typically located in the
posterior root or posterior horn. Sixty percent of the missed
tears, identified retrospectively, were peripheral longitudi-
nal tears in the setting of an ACL injury (Fig. 6). Closer
scrutiny of the posterior horns and roots of the menisci
should be performed, especially in the setting of ACL
injury. Longitudinal tears are not only missed more fre-
quently, but are also a cause of false-positive exams. In the
setting of an anterior cruciate ligament tear, the PPV for
longitudinal tears drops from 96-78 % [20]. Spontaneous
healing of peripheral longitudinal tears may account for
some false-positive MR exams (Fig. 7) [21].

Fig. 5 A 23-year-old male with
an underlying ACL tear.

a Sagittal PD-weighted image
shows a peripheral longitudinal
tear (arrows) in the posterior
horn of the medial meniscus,
which is more conspicuous on
the b sagittal T2-weighted fat-
suppressed image

Radial tears and meniscal root tears are easily over-
looked on MR as they are often visible on a single image
only and are the exception to the often-used two-slice touch
rule (Fig. 8) [22, 23]. These tend to be degenerative in
origin in the medial meniscus and trauma-related in the
lateral meniscus [22]. Tears can appear as truncation of the
meniscus, a cleft or “ghost” meniscus and are associated
with meniscal extrusion and accelerated osteoarthritis
(Fig. 9) [18, 23, 24]. Thin axial slices on 3 T have been
shown to be helpful in diagnosis since the conspicuity of
the tear is better with decreased slice thickness (Fig. 10)
[25e, 26].

The most common tears are horizontal or oblique tears,
which can be missed when there is a flipped or displaced
meniscal fragment. This is because the non-displaced
portion of the meniscus may have a normal appearance
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Fig. 6 A 15-year-old male injured playing soccer. a Sagittal PD-
weighted fat-suppressed image demonstrates a complete ACL tear
(arrow). b Sagittal PD-weighted fat-suppressed image and ¢ axial T2-

weighted fat-suppressed image show a longitudinal tear of the
posterior horn of the lateral meniscus (arrowheads)

Fig. 7 Sagittal PD-weighted fat-suppressed images of a 18-year-old male with an ACL tear and reconstruction show interval healing of a
peripheral longitudinal tear of the posterior horn of themedial meniscus (arrows) at the time of initial injury (a) and 3-month follow-up (b)

other than decreased size or abnormal contour. The most
common locations for displaced fragments are the posterior
joint space adjacent to the posterior cruciate ligament
(PCL), as well as the superior and inferior recesses adjacent
to the bodies of the meniscus (Fig. 11) [27]. It is of clinical
importance to identify displaced meniscal fragments
because they can be missed during arthroscopy and can
result in persistent symptoms if not removed [28].

Meniscocapsular separation

Meniscocapsular separation is often missed, even by
experienced MSK radiologists. Subtle signs of menisco-
capsular separation include meniscal displacement,
peripheral meniscal corner tears, increased perimeniscal
edema, and fluid deep to the MCL [29]. However, these
signs are nonspecific and when present the positive
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Fig. 8 Coronal T2-weighted fat-suppressed image shows a radial tear
posterior to the root of the medial meniscus (arrow)
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Fig. 9 Coronal PD-weighted fat-suppressed image shows absent
body of the lateral meniscus or “ghost” meniscus (arrow) consistent
with a radial tear

predictive value for a meniscocapsular separation is only
9 % for the medial meniscus and 13 % for the lateral
meniscus [30]. A fatty lamellar structure is frequently
located between the medial collateral ligament (MLC)
and the adjacent medial meniscus. The resulting
increased signal on T2 or proton density sequences can
be misinterpreted as a meniscocapsular separation. The
use of fat suppression or non-fat-suppressed T1 can
easily distinguish between the two. The normally
occurring MCL bursa can also mimic a meniscocapsular
separation when filled with fluid. This bursa is present in
approximately 90 % of individuals based on cadaveric
studies and can be fluid filled in cases of medial tibio-
femoral osteoarthritis [31]. Additionally, the evaluation
of meniscocapsular tears can be complicated by the
previously mentioned peripheral vascularity of the

Fig. 11 Coronal PD-weighted fat-suppressed image shows a medial
meniscal tear with a fragment flipped into the inferior recess (arrow)

meniscus, the so-called red zone, as well as by the
presence of physiologic recesses.

Cruciate Ligaments

MR has excellent sensitivity and specificity in evaluating
acute complete tears of the cruciate ligaments, but is more
limited with partial or chronic tears. Partial tears, which are
difficult to diagnose on physical exam, comprise approxi-
mately 10-16 % of all ACL tears [32, 33]. Although partial
tears do not require immediate surgical treatment, diag-
nosis is important as a significant number of partial tears
progress to complete deficiency of the ACL with resulting
ligamentous laxity [34, 35]. The diagnosis of partial tears is
complicated by the striated appearance of a normal ACL,

Fig. 10 a Sagittal and b coronal PD-weighted fat-suppressed images and ¢ axial T2-weighted fat-suppressed images of a 22-year-old male show

a radial tear (arrows) of the anterior horn of the lateral meniscus
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Fig. 12 A 36-year-old male
with mucinous degeneration of
the ACL. a Sagittal and

b coronal PD-weighted fat-
suppressed images show
increased signal and thickening
of the intact ACL

Fig. 13 a Sagittal PD-weighted
and b axial PD-weighted fat-
suppressed images of a 28-year-
old professional athlete with a
high-grade ACL tear at the
femoral attachment (arrows).
The ligament essentially
maintains the contour on sagittal
images, making the diagnosis
more difficult. The tear can be
well visualized on the axial
images where the femoral
attachment is better seen

with increased signal on fluid-sensitive sequences. Fur-
thermore, mucinous degeneration of the ACL with or
without ganglion cyst formation results in diffusely
increased signal within the ligament, which can be con-
fused with a tear (Fig. 12) [36].

Partial tears or avulsion injuries, which can occur at the
femoral and tibial attachments, are often better visualized
on axial and coronal images, respectively (Fig. 13).
Additionally, dedicated MR protocols, including imaging
the knee in a slightly flexed position or acquiring images in
a sagittal oblique plane, can improve the diagnostic yield of
partial tears [37, 38]. When the knee is in flexion, there is
improved accuracy secondary to the loss of volume aver-
aging in the intercondylar notch. The sagittal oblique
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technique follows the specific course and orientation of the
ACL, allowing for visualization of most of the ligament
fibers in a single slice and reduced volume averaging. The
sagittal oblique technique has the added advantage that the
patient does not need to be repositioned.

The PCL is larger and stronger than the ACL and is
rarely the only structure involved in an injury. The PCL is
more likely to have a partial or chronic partial tear when
compared to the ACL [39]. Whereas ACL tears often show
complete disruption of the fibers, 62—77 % of surgically
proven PCL tears have ligamentous continuity on MR [40—
42]. Although there may be continuity of the ligament, the
contour of the ligament may be deformed (Fig. 14) [40].
The most sensitive findings for a chronic partial tear are
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Fig. 14 Sagittal PD-weighted
images show abnormal contour
(arrows) of an otherwise intact-
appearing PCL. Confirmed near
complete tear at arthroscopy

Fig. 15 Partial tear PCL.

a Sagittal T2-weighted fat-
suppressed and b coronal PD-
weighted fat-suppressed images
show increased signal and
thickening of the PCL (arrows),
which maintains its normal
contour

increased signal on proton density sequences and thicken-
ing of the ligament (Fig. 15) [41, 43]. These findings can
also be seen with mucoid degeneration of the PCL,
although mucoid degeneration typically has a more “tram-
track” appearance with increased signal intensity between
the peripheral rim of hypointense PCL fibers [44].

Medial Collateral Ligament and Posterolateral Corner

The MCL, made up of superficial and deep bands, is the
most commonly injured ligament in the knee [45, 46].
Fortunately, the MCL has great potential for healing, and
an isolated injury of the MCL can typically be managed
conservatively [47]. Although MR is excellent at

evaluating the MCL, low-grade injuries are likely overes-
timated as fluid and edema around the MCL or within the
MCL bursa can be seen with multiple other pathologies,
including medial meniscal tears and osteoarthritis [48].
This medial compartment pathology can result in bulging
of the MCL with fluid deep to the MCL that is reactive and
not indicative of a sprain [46, 48]. There is also a subset of
patients with deep MCL injuries located typically at the
proximal femoral attachment, which may have persistent
pain despite conservative therapy and may benefit from
surgery (Fig. 16) [45]. The same pathology that may result
in overestimation of low-grade MCL injuries can lead to
under diagnosing of deep MCL tears. Another potential
problem when evaluating the MCL is injuries at or near the
distal tibial attachment. Standard field of view on dedicated
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Fig. 16 A 26-year-old male with partial tear of the MCL. Coronal
PD-weighted fat-suppressed images show a tear of the deep MCL
fibers (arrow) along with a low-grade injury of the superficial fibers
(arrowheads)

MR imaging of the knee often excludes the distal tibial
attachment, and edema and fluid around the distal portion
of the MCL should raise suspicion for injury and prompt
additional imaging (Fig. 17).

The posterolateral corner (PLC) is a diagnostic chal-
lenge because of its complex and variable anatomy. Mul-
tiple small structures, difficult to image, can be found in the
PLC. These structures are better visualized with dedicated
coronal oblique images [49, 50]. Although PLC injuries
account for only 2 % of acute ligament injuries of the knee,
failure to treat injuries to the PLC can result in continued
instability and poor surgical outcome [51, 52]. Fifteen per-
cent of ACL reconstructions fail secondary to unrecognized

Fig. 17 a Coronal T2-weighted
fat-suppressed images show
fluid around the MCL that has a
wavy appearance (arrows).

b Axial PD-weighted fat-
suppressed images show
avulsion of the MCL distal tibial
attachment as labeled
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PLC injury [53]. MR performs well in the acute setting with
an accuracy of 93 % within 12 weeks of injury. It performs
poorly when imaging is delayed with an accuracy of 26 %
after 12 weeks [54¢¢]. Additionally, imaging should be
performed soon after injury, as surgical outcome is better if
performed within the first 3 weeks [55]. Signal changes
around the lateral collateral ligament and popliteus tendon,
especially in the context of a cruciate ligament injury,
should raise concern for an associated PLC injury as these
rarely occur in isolation (Fig. 18) [56].

Cartilage

A meta-analysis by Zhang et al. [57] demonstrated MR to
have an overall sensitivity of 75 % in detecting chondral
abnormalities (Fig. 19). The high number of false-negative
findings is predominantly secondary to suboptimal spatial
resolution and the resulting difficulty in identifying low-
grade, partial-thickness lesions [58, 59]. The in-plane
spatial resolution needed to detect superficial degenerating
cartilage is 0.3 x 0.3 mm [60]. False-positive findings can
be secondary to subcartilage lesions, such as chondrocal-
cinosis, misdiagnosed as cartilage damage as well as
physiologic thinning of the cartilage, such as along the
anterior weight-bearing surface of the lateral femoral
condyle [61, 62]. False-positive chondral defects of the
trochlea occur on axial images secondary to volume aver-
aging with the prefemoral fat. When evaluating cartilage, it
is important to assess multiple planes, including axial and
sagittal planes for the patellofemoral compartment and
coronal and sagittal planes for the tibiofemoral compart-
ments. Additionally, the axial images can be helpful in
evaluating the far posterior femoral condyles.
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Fig. 18 a Coronal and b sagittal PD-weighted fat-suppressed images show partial tear of the fibular collateral ligament (arrows). ¢ Coronal
T2-weighted fat-suppressed image in the same patient shows a sprain of the popliteofibular ligament (arrowheads)

The current standard magnetic strength in clinical
imaging is 1.5 T. The 3-T MR with an improved signal-to-
noise ratio allows for better image quality with increased
spatial resolution and thinner slices within a reasonable
scan time [63, 64]. However, studies have demonstrated
only minimal improvement in sensitivity, specificity and
accuracy at 3 T compared to 1.5 T [65, 66]. The sensitiv-
ity, specificity and accuracy were 69-76, 86-96 and
80-90 % at 3 T and 60-71, 78-96 and 74-87 % at 1.5 T.
Despite advancements, thin fissures, chondral flaps and
shallow defects remain difficult to evaluate on MR [67].
The use of 3D cartilage sequencing instead of the standard
2D sequences in most MR knee protocols can improve
performance [68¢]. Delayed gadolinium-enhanced MRI of
the cartilage has been used for research, but has not been
used routinely in the clinical setting [69, 70].

Maltracking, friction and impingement syndromes

Patellofemoral maltracking can be easily overlooked if the
patient has not had a patellar dislocation with a resulting
typical bone contusion pattern involving the lateral femoral
condyle and medial patella. A shallow trochlear groove
along with lateral subluxation of the patella and patellar
tilting can suggest maltracking. Edema within the supero-
lateral aspect of Hoffa’s fat has been associated with pa-
tellofemoral maltracking and fat impingement between the
patellar tendon and lateral femoral condyle (Fig. 20) [71].
This theory is supported by the female predominance and
association with patella alta, lateral patellar subluxation
and lateral patellar tilt [72¢]. Patella alta is the most con-
sistent feature of patellar instability and maltracking. The
reduced contact between the patella alta and trochlea

during flexion allows for excessive lateral motion of the
patella [73].

There are several fat pads located around the knee that
can be a source of pain. The majority of the fat pads are
distributed along the anterior aspect of the knee, including
the anterior suprapatellar, posterior suprapatellar and inf-
rapatellar (Hoffa’s) fat pads. Alterations in joint mechanics
secondary to trauma, repetitive microtrauma or other cau-
ses of patellofemoral instability lead to inflammation,
fibrosis and degenerative changes of the anterior fat pads.
This in turn causes anterior knee pain known as “fat pad
impingement syndrome” [74]. This most often involves the
infrapatellar fat pad with inflammatory changes and an
accompanying mass effect on the patellar tendon [75, 76].
Similar findings can occur with the suprapatellar fat pads
with edema and mass-like protrusion on the suprapatellar
bursa [77]. A recent study demonstrated this finding in
13.8 % of exams; however, it was rarely associated with
anterior knee pain [78]. The pericruciate fat pad, situated
between the cruciate ligaments within the intercondylar
fossa, can be a source of posterior knee pain, especially in
athletes. Fat pad impingement syndrome should be con-
sidered if there is edema within the fat pad and no addi-
tional intraarticular pathology is identified [79].

Iliotibial band syndrome is a common problem in long
distance runners characterized by anterolateral knee pain
and edema along the iliotibial tract. The reported incidence
is between 1.6 and 12 %, making it the most common
cause of lateral knee pain in runners [80]. During knee
flexion, the iliotibial band goes from an anterior position
relative to the lateral femoral epicondyle to a posterior
position. This repetitive cyclical motion over the lateral
femoral epicondyle in long distance runners presumptively
leads to inflammation of the distal iliotibial band [81]. An
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Fig. 19 Chondral lesions. a Axial PD-weighted fat-suppressed image
shows a partial thickness fissure (arrow) along the lateral patellar
facet. b Axial T2-weighted fat-suppressed image shows a small
chondral lesion (arrow) with associated subchondral marrow changes
(arrowhead). ¢ Axial PD-weighted fat-suppressed image shows a
chondral flap (arrowhead) at the medial patellar facet and a small
displaced fragment (arrow). d Sagittal PD-weighted fat-suppressed
image shows partial thickness chondral loss along the lateral femoral
condyle (arrowheads). Modified from [90], with permission

alternative theory suggests that the iliotibial band causes
compression of the highly vascular adipose tissue between
the iliotibial band and the lateral femoral epicondyle
resulting in a compression syndrome and not a friction
syndrome as initially described [82]. Whatever the cause,
MR shows high intensity signal between the iliotibial band
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Fig. 20 a Sagittal PD-weighted fat-suppressed image and b axial T2-
weighted fat-suppressed image of a 27-year-old female show edema
in the superolateral aspect of Hoffa’s fat (arrows) between the patellar
tendon and lateral trochlea suggesting impingement and patellofe-
moral maltracking

and the lateral epicondyle along with thickening of the
distal ITB (Fig. 21). Fluid within the suprapatellar bursa
can be confused with iliotibial band pathology and should
be distinguished on axial images.

Plicae

Plicae are folds of the redundant synovial tissue within the
joint. There are four major plicae in the knee, which are
often overlooked, but can be a potential source of pathol-
ogy. These are identified in relation to the patella and
include the medial patellar, suprapatellar, infrapatellar and
lateral patellar plicae. The prevalence of plicae in the
general population is 20-87 % with the infrapatellar plica
being the most commonly seen [83]. The medial patellar
plica, which can become entrapped between the femur and
patella, is the one most often associated with pain. The
plica may appear thickened with increased signal on T2 or
STIR and can cause articular cartilage wear along the
patella and femoral condyle (Fig. 22) [84]. Initially,
symptoms may be secondary to the inflamed plica itself.
However in the later stages, as the plica becomes fibrotic
and thickened, it may result in mechanical synovitis,
alteration of patellofemoral mechanics as well as chon-
dromalacia of the medial patellar facet and trochlea [85].
The infrapatellar plica, although rarely symptomatic, can
also undergo fibrosis and thickening, losing its normal
elasticity. This can result in impingement at the interc-
ondylar notch with resulting pain during extension. Surgi-
cal resection of the thickened plica at arthroscopy can
result in resolution of symptoms and increased range of
motion [86]. Lack of awareness often leads to failure to
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Fig. 21 Iliotibial band
syndrome. a Coronal PD-
weighted fat-suppressed and

b axial T2-weighted fat-
suppressed images in a 25-year-
old runner with lateral knee pain
shows edema (arrows) between
the iliotibial band and lateral
femoral condyle

Fig. 22 A 26-year-old male with medial plica syndrome. There is a
prominent medial plica (arrow) with adjacent synovitis within the
suprapatellar bursa

diagnose and treat plica syndrome [87]. Though the prev-
alence of plica syndrome is reported to be 3.8-5.5 %
during arthroscopy and MR has a reported sensitivity and
specificity of 93 and 81 %, respectively, in diagnosing
medial plica syndrome, it remains underreported at MR
[88, 89].

Conclusion

MR remains the most accurate noninvasive diagnostic tool
for the diagnosis of knee pathology. Despite this, there
continue to be misinterpreted and overlooked lesions.
Knowledge of normal anatomic structures and interpretive
pitfalls can lead to more accurate and useful interpretation.
By tailoring exams when necessary for specific pathology,
such as PLC injuries and chondral lesions, we can further

improve our diagnostic accuracy and help guide patient
treatment.
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