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Articular cartilage has a smooth, nearly frictionless surface,
which veils the complex structure hidden beneath. This
complex structure allows the hyaline articular cartilage to
withstand substantial deforming forces.1 The articular car-
tilage is composed of four layers: superficial, transitional,
deep, and calcified zones.2 Each layer contains chondrocytes
in varying quantities and shape which produce, organize,
and maintain the extracellular matrix in which they are
embedded.2 This extracellular matrix is composed of water,
proteoglycans, collagens, and noncollagenous proteins.2 The
relative thickness of each layer of articular cartilage
depends upon the joint and location within the given
joint.1,2

MRI of Normal Cartilage

Adequate assessment of articular cartilage with magnetic
resonance imaging (MRI) is a challenge due to its thin
structure, the complex shape of articular surfaces, and
normal variations in signal intensity. Many different MR
pulse sequences are available to accurately assess the carti-
lage. To overcome these challenges, the principal goals of
cartilage imaging are to achieve sufficient contrast between
the cartilage and synovial fluid, achieve sufficient contrast
between the cartilage and subchondral bone, achieve suffi-
cient signal to noise to identify the internal signal of the
cartilage, and achieve sufficient spatial resolution to identify
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Abstract Early investigations into themagnetic resonance imaging (MRI) appearance of articular
cartilage imaging relied on assessment of the morphology, with subsequent inves-
tigators reporting identifying increased T2 signal intensity, bright signal, in degen-
erated cartilage. The cartilage “black line sign” is a finding that has recently been
described in the radiology literature to characterize cartilage pathology. This sign
refers to a focal linear hypointense signal within articular cartilage that is oriented
perpendicular to the subchondral bone on T2-weighted MRI. The diagnostic signifi-
cance and clinical relevance of this sign is debated. Since its first description, several
papers have further delineated the etiology, prevalence, and clinical relevance of these
and other dark cartilage abnormalities. The intent of this article is to summarize these
findings, with hopes of bringing to light the importance of dark cartilage lesions and
their clinical implication in the world of knee surgery. We will briefly discuss the most
probable etiologies of dark cartilage abnormalities and the major factors determining
the unique signal intensity. The described anatomical patterns of this finding, the
clinical importance, potential mimics, and current treatment recommendations will be
reviewed.
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small cartilage defects.3 At MRI, articular cartilage has a
layered appearance which mimics its histology. This struc-
ture is best demonstrated with high-resolution images
obtained, utilizing a dedicated knee coil on a high-field
strength (1.5T or 3T) MRI scanner (►Fig. 1).

On most T2-weighted fast spin-echo sequences, the artic-
ular cartilage has variable signal intensity that reflects its
complex structure. When imaged perpendicular to the main
magnetic field, articular cartilage typically has a trilaminar
appearance.1,4,5 The layered appearance is predictable; how-
ever, it is not constant, changing with its orientation relative
to the main magnetic field.1,6 On T2-weighted images, the
deep layer is low in signal intensity; the intermediate layer is
thicker and hyperintense/bright; and the thin superficial
layer is hypointense.1,4,5 This appearance is influenced by
anisotropy and the orientation relative to the main magnetic
field as well as the magic angle phenomenon (artifactual
increase in signal on short TE, T1 and proton density (PD)-
weighted, MRI sequences experienced by highly organized
tissues positioned � 55 degrees from the main magnetic
field; the main magnetic field is parallel to the bore of the
magnet).1,6 With these variables in mind, gradual changes in
the signal intensity of the articular cartilage across the joint
during MRI should be viewed as normal.

MRI of Abnormal Cartilage

In the detection of cartilage injuries, a recent meta-analysis
of 27 studies found a sensitivity and specificity of 77.3% and
91.5%, respectively, for routine two-dimensionalMR imaging
and a sensitivity and specificity of 74.8% and 93.3%, respec-
tively, for three-dimensionalMRI sequenceswhen compared
with arthroscopy or surgery.7 AtMR evaluation, the extent of
cartilage injury is more commonly underestimated, particu-
larly for superficial lesions.8,9 The complex structure of the
articular cartilage necessitates that it be assessed inmultiple
imaging planes, particularly when evaluating a curved sur-
face such as the femoral trochlea. Chondral degeneration can
be seen as a focal change in the surface contour, ranging from
mild surface irregularity and fibrillation to cartilage thin-

ning, cartilage fissuring, and full thickness cartilage
loss.4,10,11 Any abrupt change in the signal intensity of the
articular cartilage should be viewed with suspicion for
cartilage injury.1,5,12 Finally, given the frequent association
of cartilage injury with edema in the subchondral bone,
identification of subchondral marrow edema should prompt
a careful assessment of the overlying cartilage.

Dark Cartilage Lesions

Cartilage fissures are typically hyperintense on T2-weighted
images, oriented perpendicular to the articular surface, and
involve a variable amount of the articular surface, ranging
frompartial to full thickness (►Fig. 2).13,14 In 2011, Stephens
et al published a case series with three patients who had
cartilage fissures appearing hypointense or dark on T2-
weighted images, termed the “black line sign,” in the patel-
lofemoral compartment.13 Of their three cases, two were
confirmed with arthroscopy and could be probed to bone,
while the third was confirmed with contrast extension into
the defect on CT arthrography (►Fig. 3).13 This finding was
further investigated by Wissman et al in a retrospective
review of 1300 knee MRI scans in which the “black line
sign” was identified in the trochlea of 1.9% (n¼25) of all
patients.15 Of the eight patients with the “black line sign”
who underwent arthroscopy, only 1 (12.5%) had a cartilage
abnormality documented in the arthroscopy report. The
majority of linear dark cartilage lesions in the knee with
arthroscopic correlate are seen in the patellofemoral com-
partment, 64.7%, with 20.6% and 14.7% in the medial and
lateral compartments, respectively.16 The “black line sign”
was found at MRI in the trochlea of collegiate athletes at a
much higher rate than that of the general population: 4 of 32
(12.5%) knees evaluated in 16 female college volleyball play-
ers.17 These dark cartilage lesions are frequently associated
with subchondral edema or cystic change.18 Finally, a “black
line” has also been described at MRI of the hip as an imaging
finding of arthroscopically confirmed chondral fissures in
the acetabular cartilage.19

A retrospective review of 898 knee MRI examinations in
887 patients with arthroscopy as the reference standard

Fig. 1 Normal trilaminar appearance of articular cartilage. Coronal
proton density (PD)-weighted, fat-suppressed (A) and sagittal T2-
weighted fat suppressed (B) magnetic resonance images in a 14-year-
old boy obtained to assess a transient patellar dislocation, resulting in
marrow edema in the lateral femoral condyle (asterisks). Images
demonstrate the normal trilaminar appearance of the articular
cartilage (arrows). This appearance varies based on the orientation of
the cartilage relative to the main magnetic field. The deep layer is low
in signal intensity, the thicker intermediate layer is hyperintense, and
the thin superficial layer is hypointense.

Fig. 2 Typical hyperintense cartilage fissure. Axial T2-weighted
magnetic resonance image with fat suppression (A) in a 44-year-old
man with anterior knee pain after playing basketball demonstrates
the typical cartilage fissure (arrow) in the medial trochlear facet. The
fissure is focally hyperintense on T2-weighted images and oriented
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demonstrated 142 dark cartilage lesions at MRI in 131
patients (14.7%), with 36% having a linear morphology and
64% having an arthroscopic correlate.16Dark cartilage lesions
were identified in all compartments of the knee: in the
patellofemoral compartment in 8.3% of knees, the medial
compartment in 1.8% of knees, and in the lateral compart-
ment 5.7% of knees.16

Several theories exist regarding the difference in imaging
appearance between the classic fluid signal T2 hyperintense
chondral fissure and themore recently described hypointense
chondralfissure. Stephenset al conjectured that thedefectwas
too small to be fluid filled.13 Wissman et al hypothesized that
the clefts occur as a failure of the deep cartilage, which then
cleaves the superficial layers. Those not seen at arthroscopy
have been theorized to spare all but themost superficial layer
of cartilage, rendering them occult at arthroscopy (►Fig. 4).15

Alternate explanations include disruption in the normal an-
isotropy orientation, magnetization transfer, and chronic de-
position of fibrocartilage; lesions involving the articular
surface are more likely related to magnetization transfer,
and those involving the subchondral bone are more likely
hypointense due to fibrocartilage deposition.18

Management of Dark Cartilage Fissures

Data from the Osteoarthritis Initiative, a longitudinal pro-
spective multicenter cohort study, has shown that patients
with abnormal signal in their articular cartilage are more
likely to develop morphologic defects at 4 years than those
with normal signal (57% vs. 4%), with no statistically signifi-
cant difference in the rate of progression between hypoin-
tense and hyperintense cartilage lesions.20 Articular
cartilage defects in the knee have been identified at MRI in
62% of asymptomatic knees, with moderate or severe defects
in 41% of knees, and most frequently involving the

Fig. 3 The “black line sign.”Axial (A) and sagittal (B) T2-weightedmagnetic resonance images with fat suppression in a 36-year-old man with a 1-
year history of atraumatic knee pain and catching. Images demonstrate focal hypointense linear signal perpendicular to the subchondral bone
plate, the “black line sign,” in the central trochlea (arrows). Subsequent arthroscopy performed for meniscal tear (not shown) demonstrates a
near full thickness cartilage fissure being probed (C).

Fig. 4 The “black line sign.” Sagittal T2-weighted magnetic
resonance image with fat suppression (A) in a 36-year-old man with
recent catching and locking demonstrates focal hypointense linear
signal (arrow) in the lateral patellar facet. Subsequent arthroscopy
performed for meniscal tear (not shown) demonstrates intact patellar
articular cartilage (B).

Fig. 5 “Black line sign” mimic. Sagittal T2-weighted magnetic
resonance image with fat suppression in a 44-year-old man with
anterior knee pain demonstrates broad, hypointense signal in the
deep trochlea (arrow), an area where the cartilage is consistently
hypointense due to its orientation relative to the main magnetic field.
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patellofemoral compartment.21 Further underscoring the
importance of treating the patient rather than his or her
imaging findings is that cartilage defects are identified at
MRI in approximately half of asymptomatic professional
basketball players.22,23 A trial of conservative therapy for a
cartilage injury focused on restoring strength and flexibility
should be considered.24 If symptoms persist, a variety of
surgical options exist, including both marrow stimulating
and restorative procedures. For small lesions, including
cartilage fissures, debridement and microfracture is
preferred.24

Dark Cartilage Lesion Mimics

When evaluating MR images of the knee, knowledge of the
mimics and normal variants that result in hypointense signal
in the articular cartilage can assist in accurate assessment of
the cartilage. As described earlier, the signal intensity of
articular cartilage atMR imaging ismultifactorial. One key to
interpretation is that the change in signal intensity in normal
articular cartilage should be gradual.1 One area that is
consistently hypointense on T2-weighted MR images of the
knee with standard positioning is the distal trochlea
(►Fig. 5).25Anothermimic for a hypointense cartilagefissure
is chondrocalcinosis. The calcification deposited in the artic-
ular cartilage results in linear hypointense signal, particular-
ly evident on gradient echo sequences (►Fig. 6).26 This pitfall
can be avoided with careful comparison to standard
radiographs.

Conclusion

Hypointense cartilage lesions are most frequently seen in the
patellofemoral compartment of the knee; however, they may
beseen inanypartof thejointandhavebeendescribed inother
joints aswell. Young, athletic patientsmay be at particular risk
for this pathology due to repetitive high compressive forces
across the joint.17While some of the lesionsmay not be visible
at arthroscopy,15 they are at risk of progressive cartilage
degeneration.20 Due to poor intrinsic ability of cartilage to

heal,27 identification of a hypointense cartilage fissure may
warrant activity modification and/or weight loss to prevent
progressive cartilage degeneration.18,28
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