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Articular cartilage of the knee can be evaluated with high accuracy by magnetic
resonance imaging (MRI) in preoperative patients with knee pain, but image quality
and reporting are variable. This article discusses the normal MRI appearance of articular
cartilage as well as the common MRI abnormalities of knee cartilage that may be
considered for operative treatment. This article focuses on a practical approach to
preoperative MRI of knee articular cartilage using routine MRI techniques. Current and
future directions of knee MRI related to articular cartilage are also discussed.

We have come a long way. From the time of Hippocrates until
approximately 250 years ago, all forms of chronic arthritis
were considered manifestations of gout.1
• By the end of the 19th century, major developments
related to diagnosis of cartilage derangements included
the discovery of X-rays and the emergence of the term
“osteoarthritis.”2
• In the 20th century (in 1984), the ﬁrst report on magnetic
resonance imaging (MRI) of knee articular cartilage was
published.3
• By the year 2000, there were 38 publications per year with
the keywords “articular cartilage” and “knee MRI.”4
• In 2020, a PubMed search for publications with keywords
“articular cartilage” and “knee MRI” yields a deluge of
approximately 3,300 articles (approximately 200 publications annually) on MRI of articular cartilage in the knee.4

ﬁndings of cartilage derangements, and [IV] the future directions in the exciting evolution of knee MRI.

MRI Techniques in Clinical Practice
The Set-up

Given that “data overload” is a potential source of job stress
and diagnostic error,5 the overall goal of this article is to distill
current information on MRI of knee articular cartilage into
pragmatic “high yield” essentials for clinical practice. We
discuss and illustrate a practical approach to preoperative
MRI of common disorders involving articular cartilage in the
knee, including [I] the rationale for typical MRI techniques in
clinical practice, [II] normal MRI anatomy of cartilage, [III] MRI

The knee is typically scanned with the patient in a supine
position. The patient should be scanned in a comfortable
position to avoid motion artifact. Excellent images may be
obtained with both 1.5- and 3.0-Tesla (T) MRI units. In a
recent systematic review with meta-analysis of 16 studies,6
however, 3-T MRI had statistically greater diagnostic accuracy than 1.5-T MRI for articular cartilage lesions.
Prior to placing the patient in the knee coil on the MRI
table, we ask the patient to point out any focal or maximal
area of symptoms so that a skin marker can be placed. Then,
the knee is placed in a “radiofrequency coil” on the MRI table.
A high-quality radiofrequency coil is essential for obtaining
reliable sharp images. Ongoing improvements in MRI coil
design and newer pulse sequences have resulted in higher
quality images that can be obtained more rapidly than in the
past (as detailed in “Future Directions,” below).
At the MRI scanner, an MRI technologist scans the patient
according to a predeﬁned protocol. Images in the axial, coronal,
and sagittal planes are performed to show knee anatomy
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consistently, despite differences in patient body habitus and
positioning. The axial images of the knee typically extend from
the distal femoral shaft to the proximal tibial shaft. The coronal
and sagittal images of the knee are prescribed from the axial
images and are oriented parallel and perpendicular to a line
through the epicondyles of the distal femur. The ﬁeld of view
generally ranges between 14 and 18 cm and may be modiﬁed
depending on the scan indication and patient body habitus.

Workhorse Pulse Sequences
A variety of pulse sequences can be used to evaluate the knee
depending on the available software and the ﬁeld strength of
the particular MRI system. In choosing an MRI protocol, there
are inherent tradeoffs that must be considered between the
overall scan time, the spatial resolution (voxel size), and the
overall image quality in terms of the signal-to-noise ratio (SNR).
Our preferred clinical knee MRI exam technique includes
two sets or “series” of images, each of which are performed in
the axial, coronal, and sagittal planes. In particular, we rely
on (1) fast spin-echo (FSE) proton density (PD) and (2) fatsuppressed FSE T2-weighted two-dimensional (2D) images
obtained in the exact same locations to facilitate analysis of
the anatomy and any pathologic changes in the knee, including chondral derangements.
• The importance of PD (rather than T1) imaging in the
evaluation of internal derangement ﬁrst became widely
appreciated with the seminal work of Potter et al in JBJS
1998.7 In addition to recognizing the importance of
spatial resolution, this work pointed out that internal
derangements are best diagnosed by MRI when optimizing contrast resolution (e.g., the image contrast between
high signal intensity joint ﬂuid, intermediate signal articular cartilage, and the low signal subchondral bone plate).
• T2-weighted images performed with fat suppression complement the PD images obtained at the same slice position. When the signal from fat is suppressed on images,
the “dynamic range” of the image changes, such that ﬂuid
and edema associated with abnormalities become particularly conspicuous.
There are two common techniques for suppressing the
signal from fat. The most common technique (frequencyselective fat suppression) is selected for 1.5- and 3-Tesla
scanners when knees do not have artifact caused by metal.
The frequency-selective fat suppression technique avoids
chemical shift artifact and is generally preferred when
evaluating cartilage. However, at lower ﬁeld strengths or
in knees with metal artifact, the fatty signal in tissues (e.g.,
cancellous bone) often is suppressed with an inversion
recovery (e.g., STIR) technique.
In most postoperative patients, especially if there is
ﬁxation with plastic materials such as polyether ether ketone
or bioabsorbable implants, we routinely scan the knee as well
as the other joints with the combination of three FSE PD
series (TR [repetition time], 3,000; TE [echo time], 34) and 3
FSE fat-suppressed T2-weighted series (TR, 4,000; TE, 50). If
there is titanium ﬁxation, we typically will add or substitute
a STIR sequence. If there is stainless steel hardware from a
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prior ORIF, or if there is a unicompartmental arthroplasty
with cobalt chromium resulting in prominent artifact, then
we will do STIR in all three planes and we will modify all
three of the FSE PD sequences using a metal artifact reduction sequence (MARS technique). This metal suppression
technique typically involves increasing the receiver bandwidth, increasing the echo train length (turbo factor), and
increasing the frequency matrix. MRI manufacturers also sell
propriety versions of software that minimize metallic artifact (e.g., MAVRIC, SEMAC).8,9
Each series of PD and fat-suppressed T2 images takes
approximately 3 to 4 minutes to acquire. If there is any
patient motion during that time, motion artifact occurs
and can be a limiting factor. Within the past 10 years, MRI
techniques to reduce motion artifacts have become widely
used. These motion-reduction pulse sequences have various
acronyms, depending on the MRI manufacturer (e.g., PROPELLER, BLADE).10 Disadvantages of these techniques can be
longer scan times, image noise, and image blurring. Technical
improvements continue to occur including with artifact
reduction and improved scan times (e.g., with parallel imaging, artiﬁcial intelligence or AI).11,12

T1-Weighted Images
T1-weighted images are used routinely in some practices and
can be helpful in characterizing neoplasms because of the
characteristic appearance of adipose tissue and met-hemoglobin (subacute blood). While T1 images do show some
abnormalities (such as fatty inﬁltration in muscle or some
abnormalities in the bone marrow), these abnormalities are
shown with comparable accuracy by using paired PD and fatsuppressed T2 imaging. Unfortunately, T1 images are particularly low yield in the evaluation of internal derangements.
In fact, compared with PD and fat-suppressed T2 images,
routinely acquired T1 images are poor at showing typical
internal derangements, including ligament tears, meniscus
tears, and articular cartilage derangements (►Fig. 1).
With T1 images, the signal intensity of articular cartilage is
typically very similar to synovial ﬂuid, and therefore cartilage
lesions are camouﬂaged. With T2 images, on the other hand,
there is a contrast between the cartilage and joint ﬂuid, and
therefore morphologic derangements in articular cartilage
generally are seen best. To maximize the diagnostic accuracy
of images, it is also essential to vary the greyscale “window and
level” used for image display on computer workstations to
optimize the differentiation between joint ﬂuid and any
structure being evaluated in the knee.

3D MRI Techniques
Three-dimensional acquisitions that are isotropic (i.e., same
resolution in all directions) can be reformatted in any plane.
Although 2D images are generally faster and still the standard
in the clinical environment, recent studies have evaluated 3D
techniques that acquire images with thinner slices (thus
minimizing partial-volume artifacts), higher SNRs, and possibly improved image contrast resolution.13 Thus far, however,
systematic review and meta-analysis of 3D MRI studies show
no improvement over 2D techniques, with pooled sensitivity
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Fig. 1 A 19-year-old patient with acute tears of the anterior cruciate ligament (ACL) and medial collateral ligament (MCL) with normal articular
cartilage. T1-weighted (A), proton density (B), and fat-suppressed T2-weighted (C) coronal images reveal tears of the ACL (black arrows) and MCL
(white arrows). The articular cartilage is well seen on both the proton density (B), and the fat-suppressed T2-weighted (C) images but is not well
seen on the T1-weighted (A) image. The normal thin low signal intensity surface layer of articular cartilage including the lamina splendens can be
seen on the proton density and fat-suppressed T2-weighted images.

and speciﬁcity of 75% and 93%, respectively, for knee cartilage
defects.14

Normal MRI Anatomy of Articular Cartilage
Articular cartilage is devoid of blood vessels, lymphatics, and
nerves. Water from within the cartilage is extruded into the
joint space in response to compressive loads and reabsorbed
along with nutrients from the synovial ﬂuid. Articular cartilage is characterized by high water content due to a high
composition of proteoglycans that are highly hydrophilic and
imbibe water. Chondrocytes within the articular cartilage
produce the proteoglycans and also produce collagen that is
arranged in a highly ordered matrix. The matrix is arranged
in sheets of collagenous tissue in the deep (radial) layer that
are longitudinally oriented to respond to compressive load
and help cushion the underlying bone. These sheets of tissue
curve in the intermediate (transitional) layer toward a thin
superﬁcial (tangential) layer that has less friction than a
sheet of ice. The cartilage is anchored to the subchondral
bone plate in the calciﬁed portion of the deep zone. The
layered zonal anatomy of articular cartilage explains the MRI
appearance of the normal tissue on high resolution FSE
images.
Chemical shift artifact is important to consider when
evaluating MR image quality. This phenomenon can result
in spurious changes in articular cartilage thickness and is
eliminated by incorporating fat suppression and high-resolution technique. When the very thin black line of the
tangential superﬁcial layer is visualized, the surface is intact
and there is adequately high resolution in the image.
The parallel structural arrangement of the sheets of
tissue in the deep and superﬁcial layers gives rise to magic
angle effects within normal cartilage that should not be
mistaken for pathology. The structure of the matrix of the
sheets of cartilage may also result in a normal variability of
the signal intensity of the articular cartilage in the knee.
For example, the cartilage in the periphery of the tibial
plateau covered by the menisci is normally of higher signal
intensity, when compared with the lower signal intensity
of the articular cartilage in the central aspect of the tibial
The Journal of Knee Surgery
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Fig. 2 A 72-year-old man with chondrocalcinosis as well as a horizontal tear
of the posterior horn of the lateral meniscus. A fat-suppressed T2-weighted
sagittal image reveals multiple foci of low signal intensity calciﬁcation (white
arrows) due to chondrocalcinosis within the articular cartilage of the lateral
tibial plateau and lateral femoral condyle. The normal thin low signal intensity
surface layer of articular cartilage including the lamina splendens can be seen
in the posterior inferior aspect of the lateral femoral condyle (black arrows).

plateau that is not covered by the menisci, due to the
arrangement of the matrix of the sheets of cartilage in the
tibial plateau.

MRI Findings of Cartilage Derangements
Degeneration and loss of the articular cartilage can be graded
with several different surgical and pathologic classiﬁcation
schemes based on visual inspection of the cartilage as well as
probing for abnormal cartilage softness. There are also many
classiﬁcation schemes based on the MRI appearance that have
been correlated with the surgical and pathologic classiﬁcation
schemes. Although we recognize the importance of these
classiﬁcation schemes for research, cartilage scoring systems

Preoperative MRI of Articular Cartilage in the Knee
remain variable in the preoperative and postoperative settings
(e.g., Outerbridge, International Cartilage Repair Society,
Cartilage Lesion Score, Whole-Organ Magnetic Resonance
Imaging Score, Boston-Leeds Osteoarthritis Knee Score, MRI
Osteoarthritis Knee Score, Knee Osteoarthritis Scoring System,
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Magnetic Resonance Observation of Cartilage Repair Tissue,
Area Measurement And DEpth & Underlying Structures.15
Given that different surgeons have different preferences
and there is variable reporting of cartilage lesions in the
medical literature,16 our approach is to consistently apply a
compartment-by-compartment approach to each chondral
surface, describing three essential features: cartilage defect
size, cartilage lesion depth, and subchondral bone status. In
other words, we believe it is essential to: (1) report the
location and size of all well-marginated acute-appearing
chondral defects, (2) report the location and the degree of
chronic-appearing cartilage loss/thinning, and (3) evaluate
the subchondral bone for abnormalities. Of note, we describe
low signal intensity chondral degeneration and low signal
intensity chondral repair tissue that has lost the normal
stratiﬁed MRI appearance.
Chondrocalcinosis has a characteristic appearance that is
identiﬁed by recognizing multiple small foci of low signal
intensity that is due to multiple small foci of calciﬁcation
with the articular cartilage (►Fig. 2).

Fig. 3 A 55-year-old woman with a subacute ACL tear and low signal
intensity chondral degeneration in the central trochlea. A fat-suppressed T2weighted axial image reveals tearing of the ACL (black arrows) as well as a
low signal intensity region of chondral degeneration in the central trochlea
(white arrows). There was chondral softening in the central trochlea which
was conﬁrmed with arthroscopic probing.

Fig. 4 A 28-year-old woman with anterior knee pain. A fat-suppressed
T2-weighted axial image reveals a linear focus of low signal intensity in
the central trochlea (arrow) with a small focus of underlying low signal
intensity sclerosis and mild surrounding marrow edema. A chondral
ﬁssure was found in this location at arthroscopy 2 months later.

Fig. 5 A 34-year-old woman with lateral knee pain. Proton density (A)
and fat-suppressed T2-weighted (B) coronal images reveal a deep full
thickness high signal intensity chondral ﬁssure in the medial aspect of
the lateral tibial plateau (arrows) with underlying marrow edema.
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Early chondral degeneration appears on MRI as low signal
intensity or high signal intensity chondral tissue that has lost
the normal stratiﬁed and layered appearance. The low signal
intensity chondral degeneration is typically softer than
normal hyaline cartilage likely due to lower proteogycan
concentration and lower water content. This low signal
intensity chondral degeneration and softening is commonly
seen in the central aspect of the trochlea (►Fig. 3).
Cracks or ﬁssures are commonly seen in the surface of
articular cartilage and may be well seen with MRI as well as
arthroscopy. Small chondral ﬁssures may be difﬁcult to
visualize without probing during routine arthroscopy.17
Deep chondral ﬁssures that do not extend to the surface
may result in basilar delamination that can be detected with

MRI and cannot be seen with arthroscopy. Small amounts of
high signal intensity ﬂuid typically ﬁll chondral ﬁssures. A
chondral ﬁssure may occasionally appear as a thin linear
focus of low signal intensity (►Fig. 4).
Chondral ﬁssures that extend deep can propagate perpendicular to the bone. These lesions can be associated with
reactive bone marrow edema that calls attention to the lesion
and aids in detection with MRI (►Fig. 5). Chondral ﬁssures
that do not extend deeply typically do not have underlying
bone marrow edema on MRI (►Fig. 6).
Chondral ﬁssures may result in delamination of the
cartilage and chondral ﬂap lesions if there is extension of
the ﬁssure parallel to the surface of the bone (►Figs. 7–12).
Chondral defects may be due to acute trauma and are
commonly seen in the knee joint. Chondral defects are
recognized on MRI as ﬂuid extending into and replacing

Fig. 6 A 35-year-old woman with anterior knee pain. A fat-suppressed
T2-weighted axial image reveals a deep partial thickness high signal
intensity chondral ﬁssure in the medial patellar facet (arrow) without
underlying marrow edema.

Fig. 7 A 45-year-old woman with anterior knee pain. A fat-suppressed
T2-weighted axial image reveals a deep high signal intensity chondral ﬁssure
delineating a nondisplaced chondral ﬂap in the central to medial aspect
of the trochlea.
The Journal of Knee Surgery
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Fig. 8 A 27-year-old man with anterior knee pain. Proton density (A)
and fat-suppressed T2-weighted (B) axial images reveal a posteriorly
displaced chondral ﬂap in the midportion of the medial patellar facet.
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Fig. 10 A 52-year-old man with medial knee pain. A fat-suppressed
T2-weighted coronal image reveals a nondisplaced chondral ﬂap
(white arrows) with mild underlying bone marrow edema in the
inferior lateral aspect of the medial femoral condyle. There is a small
amount of high signal intensity ﬂuid separating the thin low signal
intensity deep calciﬁed cartilage layer of the articular cartilage from
the adjacent thin low signal intensity articular cortex. There is also a
horizontal tear that extends to the free edge of the body segment of
the medial meniscus seen on this image (black arrow).

Fig. 9 A 22-year-old man with anterior knee pain. Axial (A) and
sagittal (B) fat-suppressed T2-weighted images reveal an anteriorly
displaced chondral ﬂap (arrows) in the central aspect of the trochlea.

the articular cartilage. In MRI reports, these lesions should be
localized and measured, with an attempt made to describe
the depth of the lesion. Chondral defects are sharply marginated and well shouldered, as opposed to chronic degenerative cartilage loss that has smoother, more ill-deﬁned
margins (►Figs. 13–15).
Chondral defects are typically ﬁlled with small amounts of
ﬂuid but may occasionally be ﬁlled with gas or tissue. For
example, tissue from Hoffa’s fat pad commonly ﬁlls chondral
defects in the trochlea of the femur and may result in a less
conspicuous appearance than a ﬂuid-ﬁlled defect on the fatsuppressed images. Chondral defects are well seen on both
the routine PD FSE (TR 3000/TE 30) and the routine fatsuppressed T2-weighted FSE (TR 4000/TE 50) images that we
do in the axial, sagittal, and coronal planes to evaluate for

Fig. 11 A 18-year-old man with congenital insensitivity to pain that
presented with locking and swelling of the left knee. A proton density
sagittal image reveals a large displaced bucket handle tear of the
lateral meniscus with a displaced bucket fragment posterior to the
anterior horn (black arrows) as well as two large chondral ﬂaps of the
mid to posterior aspect of the lateral femoral condyle (white arrows).
The thin low signal intensity deep calciﬁed cartilage layer is well seen
at the base of these large chondral ﬂaps.

internal derangement in all joints. We do not routinely use
special “cartilage speciﬁc” sequences or MR arthrography for
evaluating articular cartilage; most missed chondral defects
on MRI are simply due to perceptual errors or poor image
quality.
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Fig. 12 A 62-year-old woman with chronic anterior knee pain and new
lateral knee pain. A fat-suppressed T2-weighted sagittal image reveals
advanced cartilage loss with mild patchy underlying bone marrow
edema in the lateral patellar facet and superior lateral aspect of the
trochlea (white arrows) There is a deep chondral ﬁssure delineating a
ﬂap in the inferior central aspect of the lateral femoral condyle (black
arrows). There is also high-grade cartilage loss in the posterior
superior aspect of the lateral femoral condyle (arrowheads).

Diagnosis of a chondral defect with MRI should prompt a
search for associated loose bodies. Acute loose bodies are
differentiated from thickened synovium or other tissue by
recognizing a thin black line along the surface of the loose
body and by the geographic appearance of the loose body
(►Fig. 16). Chondral defects may ﬁll in with bone and repair
tissue that contains a mixture of hyaline cartilage and
ﬁbrocartilage. The repair tissue is initially lower in signal
intensity than normal cartilage and has different mechanical properties (e.g., softer) than normal hyaline cartilage
due to lower proteogycan concentration and lower water
content.
Osteochondral lesions in the knee can be detected and well
characterized with MRI without the need for special pulse
sequences. Osteochondral lesions in the knee occur by far most
commonly in the inferior lateral aspect of the medial femoral
condyle (►Fig. 17) but may be found elsewhere, including in
the trochlea (►Fig. 18).18 Unstable lesions are characterized by
high signal intensity ﬂuid at the base of the lesion (►Fig. 19).

New Frontiers: Rapid, Quantitative, Artiﬁcial
Intelligence-Enhanced 3D MRI
Numerous “compositional” MRI techniques have been developed in the hopes of improving evaluation of early cartilage
degeneration (before morphologic lesions occur), including T2
mapping, T1 rho, and dGEMRIC.19,20 These techniques have
been used extensively in research settings, but have not been
widely implemented into routine clinical MRI. New techniques
continue to be developed with the goals of improved efﬁciency
and widespread use. This section summarizes recent work
related to T2 mapping and AI of articular cartilage.
T2 mapping has been explored as a sensitive biomarker
for evaluating early chondral degeneration.21,22 Most MRI
The Journal of Knee Surgery
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Fig. 13 A 15-year-old girl with pain and swelling after an acute
patellar dislocation. Proton density (A) and fat-suppressed T2weighted (B) sagittal images reveal a chondral defect (white arrows) in
the inferior anterolateral aspect of the lateral femoral condyle. There
is an adjacent thin chondral loose body (black arrow) just proximal to
the anterior margin of the lateral tibial plateau.

acquisition schemes for acquiring T2 relaxation time mapping measurements rely on multi-echo spin-echo MRI that
requires long acquisition durations.23 This need for separate
time-consuming sequences for anatomical and quantitative
imaging of cartilage has precluded the use of quantitative
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Fig. 15 A 25-year-old man with lateral pain after a twisting injury
while playing basketball. Fat-suppressed T2-weighted sagittal images
(A, B) reveal a chondral defect (black arrows) in the posterior inferior
aspect of the lateral femoral condyle. There is a superiorly displaced
chondral loose body (white arrows) just posterior to the posterior
superior aspect of the lateral femoral condyle.
Fig. 14 A 27-year-old man with lateral knee pain after a twisting
injury. Proton density (A) and fat-suppressed T2-weighted (B) sagittal
images reveal a chondral defect (arrows) in the inferior central aspect
of the lateral femoral condyle.

MRI in a diagnostic clinical setting, despite promising results
in studies evaluating osteoarthritis progression.
Recent advances in rapid MRI have enabled the use of a
quantitative 3D double echo steady state (qDESS) sequence
that simultaneously produces two separate contrasts suitable for morphological evaluation of cartilage as well as
accurate T2 relaxation maps.24,25 The quantitative T2
measurements and morphological details depicted
through qDESS have been utilized to differentiate between
subjects with varying grades of osteoarthritis and in a
diagnostic imaging setting.26,27 Clinically, the morpholog-

ical qDESS images can depict regions of degeneration with
similar conspicuity as routine clinical MRI, but the addition of T2 maps may depict regions of early chondral
degeneration, even prior to morphological changes
(►Fig. 20). qDESS also enables simultaneous bilateral
imaging of both knees without a loss in diagnostic image
quality and quantitative T2 accuracy.28 Overall, a 5-minute
3D qDESS sequence provides a bilateral, distortion-free,
high-resolution, multicontrast, and quantitative acquisition and has the potential to increase the value of MRI for
orthopaedic patients (►Fig. 21).
Driven further by the need for accelerated MRI, AI has
also been used to accelerate MRI acquisition. AI-based
super-resolution provides an opportunity to acquire lowresolution MRI scans and retrospectively enhance the
The Journal of Knee Surgery
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Fig. 16 A 54-year-old man with new lateral knee pain and locking as well as chronic anterior knee pain. A fat-suppressed T2-weighted coronal
image (A) reveals a chondral defect (arrows) in the posterior inferior aspect of the lateral femoral condyle. A fat-suppressed T2-weighted sagittal
image (B) reveals a chondral defect (arrows) in the posterior inferior aspect of the lateral femoral condyle as well as high grade cartilage loss in
the patellofemoral compartment (arrowheads). A fat-suppressed T2-weighted sagittal image (C) reveals a thin chondral loose body (arrows) just
posterior to the posterior margin of the lateral tibial plateau as well as high grade cartilage loss in the patellofemoral compartment (arrowheads).
There is also a deep chondral ﬁssure (small arrows) delineating a small chondral ﬂap in the inferior anterolateral aspect of the lateral femoral
condyle. A fat-suppressed T2-weighted axial image (D) reveals a thin chondral loose body (arrows) just posterior to the posterior margin of the
lateral tibial plateau.

Fig. 17 A 14-year-old girl with medial knee pain and an unstable
osteochondral lesion. A fat-suppressed T2-weighted coronal image
reveals a nondisplaced osteochondral lesion (arrows) at the inferiorlateral aspect of the medial femoral condyle. A thin layer of high signal
intensity ﬂuid at the base of the lesion indicates instability that was
proved with arthroscopic probing 1 month later.

resolution of the scans.29,30 These super-resolution networks have been incorporated with qDESS and have been
shown to be robust enough to generate minimally biased
cartilage morphometry and T2 relaxation time measurements.31,32 Furthermore, similar advances in AI can couple
quantitative MRI acquisitions to automatically segment
articular cartilage with high-accuracy, which may enable
the use of quantitative MRI in a direct clinical manner.33,34

Conclusion
MRI with routine PD and fat-suppressed T2-weighted
images is useful for practical detection and characterization of chondral pathology that may beneﬁt from surgical
intervention. Knowledge of the MRI appearance of
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Fig. 18 A 15-year-old boy with anterior knee pain and locking. Proton
density (A) and fat-suppressed T2-weighted (B) sagittal images reveal
an inferiorly displaced osteochondral lesion of the trochlea. The
osteochondral fragment is also ﬂipped 180 degrees so that the
articular cartilage is facing posteriorly rather than anteriorly.
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Fig. 19 A 16-year-old boy with medial knee pain and an unstable osteochondral lesion. A fat-suppressed T2-weighted coronal image (A) reveals a
nondisplaced osteochondral lesion (arrows) at the inferior-lateral aspect of the medial femoral condyle. High signal intensity ﬂuid at the base of
the lesion indicates instability. A fat-suppressed T2-weighted coronal image (B) 3 weeks after the initial MRI reveals a ﬂuid-ﬁlled defect (arrows)
due to interval displacement of the unstable osteochondral lesion of the medial femoral condyle. A fat-suppressed T2-weighted axial image (C)
3 weeks after the initial MRI reveals the displaced osteochondral fragment (arrows) at the anterolateral margin of the superior aspect of the
trochlea. The normal osteochondral layers of the displaced fragment are well seen on this image. MRI, magnetic resonance imaging.

Fig. 20 Sample images of a subject with a chondral ﬁssure in the patella with subchondral cystic change (solid arrow) depicted with conventional
MRI sequences (a) and the two types of image contrast generated with qDESS (b, c). The qDESS T2 map (d) depicts a region of hyperintense T2
values in the lateral femoral condyle (dashed arrow), which may be indicative of very early chondral degeneration. MRI, magnetic resonance
imaging; qDESS, quantitative 3D double echo steady state.

Fig. 21 qDESS can be used to scan both knees simultaneously. Sagittal images with two types of image contrast are labeled “qDESS þ ” (ﬁrst
echo, with high signal-to-noise ratio) and “qDESS-” (second echo, with high T2 weighting). Images are acquired with 0.4-mm resolution in-plane
and 1.4-mm slice thickness in 5 minutes, allowing coronal and axial reformatted images, without additional time, loss in image quality, or loss in
quantitative T2 parameter maps accuracy. qDESS, quantitative 3D double echo steady state.
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common abnormalities of the articular cartilage enables
highly accurate noninvasive diagnosis, thereby enabling
preoperative planning as well as helping with making
informed decisions regarding nonoperative and operative
treatments.
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