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agnetic resonance imaging (MRI) is an extremely effective modality for evaluating the
musculoskeletal system. In the early 1980s, it
was initially thought that MRI would have limited application in the musculoskeletal system because of its relative inability to detect calciﬁcation. It was soon recognized that, despite the lack of visualization of calcium or
cortical bone, MRI had much better soft tissue contrast
than other imaging modalities. Because the musculoskeletal system is comparatively easy to immobilize, motion
artifacts are relatively inconsequential. However, MRI
had limited use in the musculoskeletal system until the
advent of dedicated surface coils, which allowed adequate signal-to-noise ratio (SNR) and improved spatial
resolution. The noninvasiveness, lack of ionizing radiation, and multiplanar imaging capabilities are desirable
features of MRI.
In the two decades since its introduction, the indications for MRI in evaluating the musculoskeletal system
have increased markedly. MRI is the primary imaging
modality for evaluating internal derangements of the
knee, hip, and shoulder, lesions of the wrist, hand, ankle,
and foot, meniscal abnormalities in the temporomandibular joint (TMJ), and avascular necrosis, and it is superior for depicting the extent of soft tissue masses and
bone marrow abnormalities.
This chapter reviews the current knowledge about
MRI of the musculoskeletal system, with an emphasis
on pathologic conditions and technical parameters for
imaging the major joints, including the knee, hip, TMJ,
shoulder, wrist, and ankle. The MRI appearances of
soft tissue lesions, bone tumors, marrow diseases, and
infections are also examined.

MRI OF THE KNEE
MRI has several advantages compared with other modalities in evaluating the internal architecture of the knee.
MRI is noninvasive and painless and provides excellent
soft tissue contrast. The ﬁrst MRI of the knee was
reported in 1985, but initial results were compromised
by poor SNR and resolution. The implementation of
local coils for extremity imaging and higher-ﬁeldstrength magnets (1.0-1.5 T) helped to overcome these
limitations. MRI plays a dominant role in the evaluation
of knee abnormalities.

Technique
A complete examination of the knee must include evaluation of the menisci, ligaments, articular cartilage, and
bone marrow. A suggested approach for scanning the
knee includes sagittal and coronal thin-section (3 mm)
T1- and T2-weighted images. Fast spin echo technique
is usually used for T2-weighted exams and should be
implemented with fat suppression. Sagittal images with
the knee externally rotated 10 to 15 degrees (or angled
to achieve this result) allow optimal depiction of the
anterior cruciate ligament (ACL). The knee should be
imaged in the neutral position for coronal scans. All
scans must be obtained using an extremity coil. Good
spatial resolution requires a small (15 cm) ﬁeld of view
(FOV), which best demonstrates the menisci and ligaments. From the T1-weighted scans, a second set of
images is often ﬁlmed to improve visualization of the
menisci, using a narrow window to give high contrast
and large magniﬁcation.
Some sites also acquire a three-dimensional (3D) gradient echo scan. Articular cartilage can be highlighted
using this approach. The scan also provides very thin
contiguous sections. If the patellofemoral joint space
needs to be imaged, axial scans should be acquired.
Unfortunately, patient throughput must be considered,
and the incorporation of all of the prior pulse sequences
requires excessive scan time. The 3D acquisition and
axial scans should be reserved for situations in which the
cartilage and patellofemoral joint, respectively, are of
speciﬁc clinical concern.

Meniscus
The assessment of the meniscus is usually the primary
clinical concern in MRI of the knee. The meniscus
consists of type I collagen, which contains few excitable
protons and should remain dark (low signal intensity)
on all pulse sequences (Fig. 13-1). Meniscal tears and
degeneration are manifested as increased signal intensity
on T1- and T2-weighted sequences within the substance
of the meniscus primarily because of the inﬂux of ﬂuid.
The posterior horn of the medial meniscus is the most
common site of injury. Isolated tears of the anterior
horn of the meniscus are uncommon. One early MRI
study reported a sensitivity of 95%, speciﬁcity of 91%,
and accuracy of 93% for MRI detection of meniscal
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FIGURE 13–1. Normal meniscus (knee). The normal medial meniscus demonstrates homogeneous low signal intensity on T2*- (A) and T1weighted (B) sagittal images.

tears. This compared favorably with arthroscopy, which
had an accuracy of 87% to 95%. The free edge of the
meniscus is the most difﬁcult area for MRI to evaluate,
and 44% of the diagnostic errors occurred in this portion of the meniscus. The posterior horn of the lateral
meniscus is a difﬁcult spot for the arthroscopist to see
and, therefore, is the most common site of diagnostic
error in arthroscopy. Because the false-negative rate for
MRI of the knee was reported to be almost zero, a
normal MRI of the knee should obviate a surgical procedure.
Meniscal abnormalities on MRI have been classiﬁed

by a grading system that has diagnostic and therapeutic
implications. The grading system is as follows:
Normal: no intrameniscal signal
Grade 1: single round or punctate high-signal focus
within the meniscal substance (Fig. 13-2)
Grade 2: linear high-signal focus within the meniscal
substance that does not abut the articular surface (Fig.
13-3)
Grade 3: full- or partial-thickness tears of the meniscus
communicating with an articular surface (Fig. 13-4)
Grade 4: meniscal fragmentation or peripheral rim tears
(i.e., meniscal capsular separation)

FIGURE 13–2. Grade 1 meniscal degeneration. Globular increased
signal intensity (arrow) is noted within the posterior horn of the
medial meniscus on this T1-weighted sagittal image.

FIGURE 13–3. Grade 2 meniscal degeneration. A linear signal
abnormality (arrow) without extension to the articular surface is
apparent on this T1-weighted sagittal image of the medial
meniscus.
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FIGURE 13–4. Complex meniscal tear. A proton
density-weighted sagittal image demonstrates a
complex tear of the posterior horn of the medial
meniscus. This stellate tear communicates with both
the femoral and the tibial articular surfaces (arrows).

An early study correlated the bright intrameniscal
signal (grades 1 and 2) with meniscal degeneration,
which is manifested as a yellow discoloration in arthroscopic and macroscopic inspection. This degeneration,
called mucoid or myxoid degeneration, is believed to
occur in as many as 60% of patients and increases with
age. Initially, collagen bundles enlarge because increased
glycan accumulation separates ﬁbrils and induces microcyst formation. Later histologic changes consist of further degeneration of meniscal matrix and collagenization, fragmenting the collagen bundles. The ﬁnal stage
leads to horizontal or oblique meniscal tears along the
direction of the collagen ﬁbers. Stoller and colleagues
reported that the increased signal represents a continuum from mucinous degeneration to tear, in which absorbed synovial ﬂuid appears as high signal intensity.
In children, bright intrameniscal signal can be due to
perforating vessels. Perforating vessels reach the center
of the meniscus in children but not in adults.

Meniscal tears should be diagnosed only if the high
intrameniscal signal intensity reaches an articular surface, as in grades 3 and 4. High signal intensity conﬁned
to the meniscus, as in grades 1 and 2, usually represents
degenerative changes. Abnormalities conﬁned to the
meniscus that do not reach an articular surface also may
not be seen at arthroscopy. The clinical signiﬁcance of
intrameniscal signal is uncertain, and it is likely that
MRI is more sensitive than arthroscopy. The decision
to perform meniscectomy currently is based exclusively
on the presence of a surface tear.
Meniscal tears can be categorized by their conﬁguration. A bucket-handle tear (Fig. 13-5) usually occurs as
a result of an acute injury, most often involving the
medial meniscus, beginning posteriorly and extending
anteriorly. These tears are often seen as vertical highsignal intensities on coronal images. Fragmentation
(grade 4) can produce the appearance of a small meniscus. The posterior horn of the medial meniscus is nor-

FIGURE 13–5. Bucket-handle tear. A, The T2*-weighted sagittal image reveals excess meniscal tissue (arrow) displaced anteriorly adjacent
to the anterior horn of the lateral meniscus; the posterior horn has a foreshortened appearance. B, The coronal fat-suppressed T2weighted image demonstrates the displaced bucket-handle fragment (arrow) along the lateral aspect of the intercondylar notch.
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FIGURE 13–6. Horizontal tear. A horizontal-oblique tear (arrow) of
the posterior horn of the medial meniscus is clearly visualized on
this proton density-weighted sagittal image.

mally 30% larger than the anterior horn. Horizontal
tears (Fig. 13-6) are the most common symptomatic
abnormality of the menisci and are usually produced by
the late stages of degenerative changes. Vertical tears
(Fig. 13-7) are usually traumatic in origin as opposed to
the degenerative origin of horizontal tears. The parrotbeak tear is a small tear located at the free edge of the
body of the lateral meniscus. This is seen as blunting of
the free edge of the meniscus, which normally is sharply
deﬁned. The discoid meniscus (Fig. 13-8) is an anatomic
variant in which the body of the meniscus is seen on
several (⬎3) images and often completely covers the
tibial plateau.
Overreading of meniscal tears must be avoided so that

unnecessary surgical procedures are minimized. Pitfalls
in the diagnosis of meniscal tears can be caused by
normal low-signal-intensity structures abutting the meniscus. These structures include the lateral inferior
genicular artery, the transverse ligament, and the popliteus tendon. Pitfalls also arise from volume-averaging
artifacts.
The lateral inferior genicular artery arises from the
popliteal artery at the level of the tibiofemoral joint and
courses laterally to the anterior aspect of the knee, where
it lies in a fat pad between the meniscus and the lateral
collateral ligament. When it lies adjacent to the anterior
horn of the lateral meniscus, the space between it and
the meniscus may simulate a tear. Usually the artery
can be traced on adjacent sagittal images, which helps
differentiate it from a tear. Coronal images often show
the artery as a separate structure from the meniscus.
The transverse ligament, meniscofemoral ligament,
popliteus tendon, and the meniscus are composed of
type 1 collagen, and, therefore, render no signal on T1and T2-weighted sequences. The transverse ligament
(Fig. 13-9) arises from the anterior aspect of the medial
meniscus and attaches to the anterior aspect of the lateral meniscus. A space between it and the anterior aspect
of the medial meniscus can appear like a tear. The
coronal view will help differentiate this from a true tear.
The meniscofemoral ligament consists of two ligaments
that extend from the posterior lateral meniscus to the
lateral medial meniscus (Fig. 13-10). The anterior band
is also called Humphry’s ligament and passes anterior to
the posterior cruciate ligament (PCL). The posterior
band is called Wrisberg’s ligament and passes posterior
to the PCL. The ligament of Wrisberg is seen as it
passes just posterior to the PCL in about one third of
cases and should not be confused with a partial tear of
the PCL. The popliteus tendon separates the lateral

FIGURE 13–7. Vertical tear. A, A radial type tear (arrow) is readily apparent within the anterior junction of the lateral meniscus on a sagittal
proton density-weighted image. B, The corresponding axial fat-suppressed proton density-weighted image confirms the free edge tear
(arrow).
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FIGURE 13–8. Discoid lateral meniscus. A discoid-type lateral meniscus (arrows) is noted on T1-weighted sagittal (A) and fat-suppressed
T2-weighted coronal (B) images.

FIGURE 13–9. Transverse ligament. A, A linear signal abnormality (arrow) formed at the junction of the transverse meniscal ligament and
the anterior horn of the lateral meniscus creates a meniscal pseudotear on this proton density-weighted sagittal image. B, A fatsuppressed proton density axial image demonstrates the typical course of the transverse meniscal ligament (arrow) connecting the
anterior horns of the medial and lateral menisci.

FIGURE 13–10. Meniscofemoral ligaments. A, The posterior meniscofemoral ligament of Wrisberg (arrow) may create a pseudotear at its
junction with the posterior horn of the lateral meniscus, as seen on the proton density-weighted sagittal image. B, A more medial sagittal
view demonstrates the normal course of the ligament of Wrisberg (arrow) along the posterior aspect of the posterior cruciate ligament
(arrowhead).
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for arriving at the correct diagnosis. After a partial meniscectomy, the residual meniscal tissue appears smaller
than the opposite, normal meniscus. After a complete
meniscectomy, no residual meniscus is demonstrated. An
early study noted that the MRI characteristics for meniscal tears in the virgin meniscus do not hold well in the
postoperative meniscus. In particular, a linear area of
increased signal intensity in the meniscus extending to
the articular surface suggests retear, but caution must be
used; this ﬁnding was false-positive in 5 of 17 cases
(Figs. 13-12 and 13-13). Another common ﬁnding is
diffuse increased signal intensity in the meniscal remnant, which should be considered to be a stable ﬁnding,
not indicating a retear.

Ligaments and Tendons
FIGURE 13–11. Popliteus tendon. Intermediate signal intensity
formed at the interface (arrow) of the posterior horn of the lateral
meniscus with the popliteus tendon results in a typical
pseudotear pattern on this proton density-weighted sagittal
image.

meniscus from the joint capsule and the lateral collateral
ligament. A space between the posterior lateral meniscus
and the popliteus tendon (Fig. 13-11) can mimic a
meniscal tear on sagittal images. Coronal views can better delineate the true anatomy.
Volume averaging can also simulate meniscal disease.
Sagittal images through the periphery of the meniscus
may demonstrate an artifactual linear high signal intensity in the meniscus because of averaging of fat at the
concavity of the periphery of the meniscus. This pitfall
can be avoided by correlating with coronal images or by
using thinner slices.
Bucket-handle tears can be missed on sagittal images
because the tear is oriented in the plane of section. This
tear is identiﬁed on the coronal images as a vertical
high-signal-intensity line.
The postoperative meniscus presents a difﬁcult challenge for MRI. Comparison with the normal, opposite
meniscus and correlation with clinical history are helpful

Injuries of the ligaments are common in acute knee
trauma. Clinical examination plays a crucial role in evaluating ligamentous injuries, but it can be inaccurate.
MRI examination of the knee can accurately evaluate
the ligaments, including the ACL, PCL, and the medial
and lateral collateral ligaments.
The cruciate ligaments provide stability to the knee.
The ACL prevents hyperextension of the knee and acts
as a rotational guide for the femoral condyles. The
PCL acts as a check against extreme hyperextension and
maintains stability of the knee when the joint is ﬂexed.
Clinically, a tear of the ACL or PCL is diagnosed by an
abnormal anterior or posterior drawer sign, respectively.
The sensitivity of MRI for an ACL tear is in the range
of 95%, with speciﬁcity near 100%. This compares favorably with a clinical sensitivity by anterior drawer sign
of less than 80%. Numerous studies show the accuracy
for diagnosing ACL tears by MRI to be again in the
95% range compared with an accuracy by arthroscopy
of 60% to 95%.
The ACL originates at the posterior inner surface of
the lateral femoral condyle and attaches to the tibia
anterior and lateral to the anterior tibial spine. The
PCL extends from the lateral surface of the medial
femoral condyle to a depression behind the interarticular

FIGURE 13–12. Postoperative meniscal pseudotear. A, The proton density-weighted sagittal image reveals a linear signal abnormality
(arrow) extending to the tibial surface of this postoperative medial meniscus. B, The abnormality, however, does not persist on the
heavily T2-weighted sagittal view. This appearance is compatible with postoperative granulation tissue rather than a recurrent meniscal
tear.
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FIGURE 13–13. Postoperative meniscal retear. Proton density (A) and heavily T2-weighted sagittal (B) images in this postoperative patient
reveal a vertical signal abnormality (arrows) within the posterior horn of the medial meniscus. The persistence of the abnormality on the
T2-weighted image is compatible with a recurrent meniscal tear.

upper surface of the tibia. The cruciate ligaments are
best demonstrated on sagittal images, and the ACL is
seen best with the knee externally rotated 15 degrees (or
equivalently the imaging plane angled to achieve the
same result). The collateral ligaments extend from the
femur to the tibia, lateral and medial to the joint, and
are optimally visualized on neutrally positioned coronal
images. Normally, the ligaments are smooth, continuous, low-signal-intensity ﬁbers on T1- and T2-weighted
images.
Tears of the ACL typically occur in the middle portion of the ligament, although they can occur at the
proximal and distal attachments (Fig. 13-14). Tears usually are caused by external rotational injuries, occurring
in abduction and 90-degree ﬂexion. There are often
associated tears of the collateral ligaments or meniscus.
The diagnosis of an ACL tear is made on MRI by
identifying disruption of the ligament along its normal
course. Acute angulation of the proximal portion of the
PCL (a ‘‘squared’’ PCL) is another reliable sign for a
tear of the ACL. The tear in the ACL causes anterior
subluxation of the tibia, which pulls the PCL with it,
creating a buckle in the proximal portion of the PCL.
A ﬁnding suggesting a partial tear of the ligament is
a focus of increased signal intensity within the substance
of the ligament, often seen best on T2-weighted images
(Fig. 13-15). T 2 -weighted images create an arthrographic effect, normally showing the straight smooth
synovial reﬂection along the anterior margin of the
ACL. Irregularity or waviness of this reﬂection suggests
a partial tear of the ACL.
Tears of the PCL are diagnosed by disruption along
the course of the ligament (Fig. 13-16) or by areas of
increased signal intensity within the substance of the
ligament. Most PCL tears involve the midsubstance of
the ligament.
Tears in the collateral ligaments manifest as disruptions of the ligament or as abnormal high signal intensity
in the adjacent soft tissues that often displaces the ligament, indicating bleeding or edema. The superﬁcial portion of the medial collateral ligament (MCL) arises from
the medial femoral condyle and inserts 5 cm below the
joint line posterior to the pes anserinus. The superﬁcial

ﬁbers are separated from the deep ﬁbers by a bursa;
enlargement of the bursa from inﬂammation should not
be confused with a tear in the MCL. The deep ﬁbers of
the MCL are ﬁrmly attached to the joint capsule and
medial meniscus and attach to the femur and tibia closer
to the joint. The lateral support structures consist of
three parts. The lateral collateral ligament runs from
the lateral femoral condyle to the ﬁbular head (Fig. 1317). The iliotibial band is thinner and lies more anterior.
The third structure is the ﬁbular collateral ligament,
which passes from the lateral epicondyle of the femur to
the head of the ﬁbula. The MCL is more commonly
injured than the lateral components. Incomplete tears of
the collateral ligaments result in increased signal intensity within the (normally dark) ligaments and adjacent
soft tissues on T2-weighted scans. The course of the
ligament, however, will be unchanged. Complete tears
are identiﬁed by increased signal intensity on T 2 weighted scans at the site of the tear together with lack
of continuity of the ligament (and typically retraction).
A common classiﬁcation scheme for MCL tears is based
on their severity, which spans the spectrum from ligament sprain (grade I; Fig. 13-18) to partial tear (grade II;
Fig. 13-19) to complete rupture (grade III; Fig. 13-20).
Care should be exercised when reviewing knee ﬁlms
to examine the quadriceps and patellar tendons closely
for possible injury. If such an examination is not purposely placed in one’s routine search pattern, injuries to
these two structures can be overlooked. Injuries to the
quadriceps and patellar tendons are most easily recognized on sagittal T 2 -weighted images of the knee.
Chronic stress on the patellar tendon leads to degenerative tendinitis, which is recognized by the presence of
abnormal increased signal intensity within the tendon
on proton density-weighted images. This weakens the
tendon and may eventually lead to the tendon becoming
stretched or ruptured (Fig. 13-21). Chronic degenerative
changes usually precede rupture. Tears of the quadriceps
tendon are occasionally seen at its insertion on the superior pole of the patella (Fig. 13-22). In a complete tear,
the quadriceps tendon may retract superiorly. Chronic
stress where the patellar tendon inserts on the tibial
tubercle can lead to an inﬂammatory reaction (OsgoodText continued on page 394
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FIGURE 13–14. Complete anterior cruciate ligament
(ACL) tear. Abnormal laxity is seen along the course of
the ACL (arrow) on (A) proton density- and (B) T2*weighted sagittal images in this case of complete ACL
disruption. C, Edema is apparent at the femoral
attachment (arrow) on the corresponding fatsuppressed T2-weighted coronal image.
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FIGURE 13–15. Partial anterior cruciate ligament (ACL) tear. T2*-weighted sagittal (A) and fat-suppressed proton density-weighted axial
(B) images demonstrate an edematous and thickened ACL (arrows), which maintains fairly normal orientation in this case.

FIGURE 13–16. Posterior cruciate ligament (PCL) tear. Two cases of a complete PCL tear at the tibial insertion are shown. A, The T2*weighted sagittal image reveals an avulsion fracture at the tibial insertion (arrow). B, A proton density-weighted sagittal image
demonstrates an edematous and retracted distal PCL (arrow).
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FIGURE 13–17. Lateral collateral ligament tear. T1- (A) and fat-suppressed T2-weighted (B) images reveal an avulsion fracture of the fibular
head (long arrow) in this case of a lateral collateral ligament complex injury affecting the conjoined insertion of the fibular collateral
ligament (short arrow) and the biceps femoris tendon (arrowhead).

FIGURE 13–18. Medial collateral ligament tear grade I. Edema is present superficial to the fibers of the medial collateral ligament (arrow)
on T1- (A) and fat-suppressed T2-weighted (B) images.
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FIGURE 13–19. Medial collateral ligament tear grade II. Edema and soft tissue thickening (arrows) are present superficial and deep to the
medial collateral ligament complex on T1- (A) and fat-suppressed T2-weighted (B) images.

FIGURE 13–20. Medial collateral ligament tear grade III. A fatsuppressed T2-weighted coronal image demonstrates complete
medial collateral ligament disruption (arrow). A lateral condylar
bone bruise (arrowhead) compatible with valgus injury is also
apparent.

FIGURE 13–21. Patellar tendon rupture. Complete disruption of the
patellar tendon (arrow) is apparent on a T1-weighted sagittal
image.
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several of the many predisposing abnormalities. Most
dislocations are lateral (Fig. 13-23); accompanying osteochondral fractures of the medial patella and lateral
femoral condyle are common.

Cartilage

FIGURE 13–22. Quadriceps tendon rupture. A T2*-weighted sagittal
image reveals a complete tear of the quadriceps tendon (arrow)
at its distal insertion.

Schlatter disease), which is best seen on T2-weighted
images. Two other similar lesions include cortical desmoid (seen at the insertion of the gastrocnemius muscle
on the distal femur) and Pellegrini-Stieda disease (posttraumatic soft tissue calciﬁcation at the femoral origin
of the MCL).
Patellar dislocation can occur as a result of a direct
blow or exaggerated contraction of the quadriceps. A
high patella (patella alta), low height to the lateral femoral condyle, and a shallow patellofemoral groove are

Before the advent of MRI, noninvasive techniques capable of imaging the articular cartilage did not exist. Despite all the attention paid to meniscal and ligament
damage, injury to hyaline cartilage potentially causes the
most serious long-term effects. Damage to the cartilage
can predispose patients to premature degenerative arthritis. Injured hyaline cartilage has a limited ability to
repair itself because of a poor vascular supply. A noninvasive modality that can assess cartilaginous defects and
follow treatment, such as MRI, is extremely useful. On
spin echo technique, hyaline cartilage appears as a gray
area overlying the dark subchondral bone. Gradient
echo techniques, with the parameters chosen to depict
cartilage as high signal intensity (adjacent to the lowsignal-intensity cortical bone), are often used to highlight hyaline cartilage and disease thereof.
Injuries of the cartilage appear as irregularities or lowsignal-intensity defects. One grading system for cartilage
injuries is as follows:
Grade 0: normal cartilage
Grade 1: surface and texture changes but no cartilage
substance loss
Grade 2: partial-thickness cartilage loss but no exposed
bone
Grade 3: exposed bone
The majority of cartilage defects occur along the femoral condylar surface. A search for cartilaginous injuries
is essential for a complete evaluation of the knee.

FIGURE 13–23. Lateral patellar dislocation. Characteristic bone bruises (arrows) are noted within the medial patella and the anterolateral
aspect of the lateral femoral condyle on fat-suppressed proton density-weighted axial (A) and fat-suppressed T2-weighted coronal (B)
images. The medial retinaculum (arrowhead) is thickened and edematous, compatible with partial tearing.
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Bone Marrow
Many unsuspected abnormalities have been identiﬁed
within the bone marrow by MRI while scanning the
knee. A common ﬁnding is an area of decreased signal
intensity on T1-weighted images and a corresponding
area of increased signal intensity on T2-weighted scans
in the subchondral bone marrow. These areas represent
osteonecrosis or microfractures with associated edema
or hemorrhage. Correlative radiographs usually do not
show an abnormality. Follow-up MRI scans have shown
reversibility in some of these lesions. Another bony
abnormality described is medullary infarction, which often presents as a discrete low-signal-intensity ring or an
area of decreased signal intensity surrounding a highsignal-intensity core on T1-weighted images.
Spontaneous osteonecrosis is usually seen in the middle-aged and elderly patient population (Fig. 13-24).
Symptoms may include pain, swelling, and restricted
motion. The typical location for lesions is along the
weight-bearing surface of the medial femoral condyle.
Possible causes include trauma and vascular insults. Degenerative joint disease and intra-articular osteocartilaginous bodies are the long-term result.
Osteochondritis dissecans is usually seen in the adolescent patient population. Symptoms are variable and
may be lacking. The typical location is the non-weightbearing surface of the medial femoral condyle. The
cause is thought to be trauma. Development of intraarticular osteocartilaginous bodies is a common sequela.
Osteochondritis dissecans (Fig. 13-25) manifests on MRI
as a fragment of bone with low or moderate signal
intensity on T1-weighted images and various degrees
of increased signal intensity on T2-weighted images.
Separation of the bone fragment, a ﬂuid interface between the fragment and parent bone, or disruption of
the articular cartilage represents loosening, which re-
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quires surgical treatment. In the early years of knee
MRI, spatial resolution was poor and the technique not
very effective in locating small calciﬁed intra-articular
loose bodies. Computed tomography (CT) or standard
radiography was, at that time, much more sensitive. As
imaging technique, spatial resolution, and SNR improved, MRI became substantially better at detecting
loose bodies (Fig. 13-26). Cartilaginous loose bodies
(which are clearly seen by state-of-the-art MRI; Fig. 1327) may indeed be quite difﬁcult to detect using xray-based techniques, unless intra-articular contrast is
administered.

Joint Fluid
Cystic lesions around the knee are common. By far, the
most prevalent of these lesions is the popliteal (Baker’s)
cyst. This manifests as a round focus of intermediate
signal intensity on T1-weighted images and increased
signal intensity on T2-weighted images. These cysts are
usually located posterior to the knee joint in the region
of the gastrocnemius-semimembranosus bursa (Fig. 1328).
Less common cystic lesions include meniscal and ganglion cysts. These cysts occur in locations atypical for
simple popliteal cysts. A meniscal cyst (Fig. 13-29) is
composed of synovial ﬂuid, forced out through an underlying meniscal tear, which accumulates at the meniscocapsular margin on the medial or lateral surface of the
knee joint. Meniscal cysts are always associated with
underlying horizontal meniscal tears. Ganglion cysts
may occur in atypical locations, attached to tendon
sheaths, within muscle bundles, or adjacent to the tibioﬁbular joint. Ganglion cysts are not associated with
meniscal tears. They may or may not have a connection
with the joint space. On MRI, meniscal and ganglion
cysts have intermediate signal intensity on T1-weighted
scans and high signal intensity on T2-weighted scans.

FIGURE 13–24. Spontaneous osteonecrosis. Prominent marrow edema is present within the medial femoral condyle on T1- (A) and fatsuppressed T2-weighted (B) coronal images. Collapsed subchondral bone results in hypointensity (arrows) above the articular surface on
both imaging sequences.
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FIGURE 13–25. Osteochondritis dissecans. An
osteochondral fragment (arrows) from osteochondritis
dissecans is readily apparent on T1-weighted coronal
(A), T1-weighted sagittal (B), and fat-suppressed T2weighted coronal (C) images of the knee. The rim of
hyperintense fluid (arrowheads) on the T2-weighted
coronal image is considered an indicator of lesion
instability.

FIGURE 13–26. An ossified loose body (arrows) is apparent along the anterolateral aspect of the joint on T2*-weighted sagittal (A) and fatsuppressed proton density-weighted (B) axial images.

MUSCULOSKELETAL SYSTEM

397

FIGURE 13–27. Loose body (cartilaginous). T2*- (A) and proton density-weighted sagittal (B) images demonstrate a cartilaginous loose
body (arrows) along the posterior aspect of the lateral femoral condyle.

FIGURE 13–28. A popliteal (Baker’s) cyst (arrows) in its typical location posterior to the medial head of the gastrocnemius muscle is
apparent on T1-weighted sagittal (A) and fat-suppressed proton density-weighted axial (B) images.
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FIGURE 13–29. Meniscal cyst. A, A T1-weighted coronal
image reveals a horizontal cleavage tear of the lateral
meniscus that decompresses into a parameniscal cyst
(arrow) at the lateral joint line. The cyst (arrow) has a
lobulated and hyperintense appearance on the
corresponding fat-suppressed T2-weighted coronal (B)
and proton density-weighted axial (C) images.

Effusions can accompany knee injuries or be an isolated ﬁnding. Like other ﬂuid, effusions have intermediate signal intensity on T1-weighted scans and increased
signal intensity on T2-weighted scans. An exception is a
bloody effusion (which can occur in hemophilia or after
trauma). These have high signal intensity on T 1 weighted images.

surface and focal sites of thinning can be seen. In the
ﬁnal stage, absence of the cartilage exposes the subchondral bone. Occasionally, high-signal-intensity synovial
ﬂuid can be identiﬁed passing through the cartilage
defect toward the bone surface on T2-weighted images.
To evaluate the patellar cartilage properly, axial and
sagittal images must be obtained.

Chondromalacia Patella

Pigmented Villonodular Synovitis

Chondromalacia patella is a common cause of patellofemoral pain, primarily affecting adolescents and young
adults. Most often, the cause is repeated minor trauma
or an acute traumatic event leading to damage of the
posterior patellar hyaline articular cartilage. MRI is effective in diagnosing chondromalacia patella; ﬁndings
correlate well with arthroscopy.
The normal patellar hyaline cartilage conforms to the
posterior aspect of the patella, completely covers the
posterior cortical bone, and has a smooth surface. Various degrees of abnormality can be seen on MRI in
chondromalacia patella. Early ﬁndings include focal regions of swelling, with areas of low signal intensity on
T1-weighted and T2-weighted images in the patellar
cartilage. Later, irregularity of the articular cartilage

Pigmented villonodular synovitis (PVNS) is an uncommon disorder of unknown cause. The two best accepted
theories for PVNS are that it represents either a chronic
inﬂammatory response to an unknown, nontraumatic
irritant or a benign neoplasm of synovial or ﬁbrohistiocytic origin. Pathologically, PVNS consists of villous or
nodular hyperplasia of the synovium, with hemosiderin
and lipid deposition. PVNS occurs most commonly in
the third to sixth decades of life, with an equal sexual
prevalence. Presenting symptoms are progressive pain,
swelling, and decreased range of motion of the involved
joint. PVNS is usually a monoarticular process, occurring in the knee 80% of the time. Other joints may
be involved, particularly the hip, elbow, ankle, and
shoulder.
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The radiographic ﬁndings in PVNS include soft tissue
swelling (which often has increased density as a result of
hemosiderin deposition in the synovium), subchondral
cysts, cortical pressure erosions, and late joint-space
narrowing. Other conditions that may be confused radiographically with PVNS are uncalciﬁed synovial chondromatosis, tuberculous arthritis, hemophilic arthropathy, and synovial hemangiomas.
For diagnosing PVNS, classic MRI signal characteristics have been described. On T1-weighted images, the
nodules of PVNS have intermediate signal intensity,
similar to or slightly higher than muscle. On T 2 weighted scans, PVNS has increased signal intensity,
representing ﬂuid and congested synovium. Most important, on T2-weighted images there are interspersed
areas of low signal intensity as a result of hemosiderin
deposition (Fig. 13-30). Combining the clinical history,
plain ﬁlms, and MRI ﬁndings usually allows a speciﬁc
diagnosis of PVNS to be made.
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MRI OF THE HIP
The primary indication for MRI of the hip is the detection of early avascular necrosis (AVN). The femoral
head is the most common site of AVN in the body.
Early diagnosis of AVN of the hip allows appropriate
treatment, with the goal of arresting or reversing the
disease process before collapse of the femoral head. MRI
is an ideal modality for diagnosing AVN because bone
marrow changes can be detected very early in the disease
process. Many studies have conﬁrmed that MRI is the
most sensitive imaging modality for detecting early AVN
and is superior to radiography, radionuclide bone scans,
and CT.

Technique
Images of the hip are obtained with the patient supine
in the MRI scanner, using the body coil as both trans-

FIGURE 13–30. Pigmented villonodular synovitis. Proton
density-weighted (A) axial and (B) sagittal images reveal
bulky regions of intermediate signal intensity within the
suprapatellar bursa (arrows) and within a large popliteal
cyst (arrowheads). C, Central areas of low signal
intensity compatible with hemosiderin deposition
become more readily apparent on the T2*-weighted
sagittal image (short arrows).
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mitter and receiver or with a more specialized coil.
Images are usually acquired in the coronal plane. Routinely, both hips are scanned simultaneously, which permits comparison of the two sides. However, if only one
hip is to be scanned, images with superior SNR and
resolution can be obtained using a surface coil. T1weighted spin echo, T2-weighted fast spin echo, and fast
short TI inversion recovery (STIR) scans are commonly
acquired. Differentiation between fatty and hematopoietic bone marrow is best achieved by using a short time
to repetition (TR) (400 ms) with T1-weighted spin echo
technique. Scans should be obtained with a 3- to 4-mm
slice thickness, a matrix of 256 ⳯ 256 to 512 ⳯ 512,
and one to two acquisitions.

Osteonecrosis
The cause of AVN can be traumatic or nontraumatic.
Traumatic AVN occurs after fractures of the femoral
neck, dislocation of the femoral head, or compression
fractures of the femoral head, with resultant disruption
of the blood supply to the femoral head. Nontraumatic
AVN occurs with many conditions, including Gaucher’s
disease, sickle cell disease, postirradiation necrosis, caisson disease, gout, iron overload, and steroid or alcohol
use, or it may be idiopathic. Idiopathic AVN in children
is referred to as Legg-Calvé-Perthes disease. The pathogenesis of nontraumatic AVN is unknown, but numerous
hypotheses have been proposed, including increased intraosseous pressure that impedes the local blood supply,
intraosseous microemboli, and hyperlipidemia. The clinical presentation is usually hip pain, which may radiate
to the groin, thigh, or knee. Patients often have increased pain with hip motion. Left untreated, the natural
progression of AVN will be focal bone necrosis and
repair, followed by subchondral fractures and collapse of
the femoral head and severe degenerative arthritis of the
hip, usually occurring in 3 to 5 years.
The stage of the disease process at diagnosis determines the treatment. If AVN is diagnosed before collapse or fracture of the femoral head, treatment consists
of stress reduction (i.e., crutches, and bedrest), core
decompression with or without autologous bone grafts,
or an osteotomy. These treatments have arrested or
reversed the disease process in some patients, preventing
collapse of the femoral head and degenerative arthritis.
Core decompression performed before bony fracture
can decrease the intramedullary pressure and improve
venous drainage and revascularization, with resultant
healing. However, treatment of early AVN is still controversial. Once fracture or collapse have occurred, the
process is beyond cure, and hemiarthroplasty or total
hip arthroplasty are the only treatment options.
The various MRI appearances of AVN are determined
by underlying pathologic events. In early AVN, there is
cellular ischemia, with death of osteocytes and marrow
cells, leading to bone necrosis and accumulation of necrotic debris in the intratrabecular spaces. Repair begins
with the ingrowth of capillaries and undifferentiated
mesenchymal cells into the necrotic marrow. The necrotic marrow is replaced by proliferating marrow. This
marrow differentiates into osteoblasts, which lay down

new bone over the dead trabeculae, producing a sclerotic
margin. At the same time, osteoclasts are produced to
remodel compact bone. During this time, there is a
delicate balance between new bone formation and bone
resorption. If mechanical forces, such as weight bearing,
are excessive, they can overwhelm an area of weak bone
and lead to subchondral fractures and subsequent bone
collapse.
Before MRI, the radiographic diagnosis of AVN relied
on plain ﬁlm changes and radionuclide bone scans. Radiographic changes are classiﬁed as follows:
Stage 0: normal radiographic and radionuclide ﬁndings
Stage 1: normal radiographic ﬁndings
Stage 2: lucent or sclerotic changes in the femoral head
Stage 3: subchondral lucency and fracture, crescent sign
Stage 4: subchondral collapse with ﬂattening of the femoral head
Stage 5: hip joint narrowing
The diagnosis of AVN is made on bone scans by
identifying an area of decreased activity indicating absent or diminished blood supply. Later an area of increased uptake, a hot area, indicates repair and revascularization. MRI is much more sensitive to early changes
of AVN than plain radiographs or bone scans. Speciﬁcity
is also very high, reported in several studies to be 100%.
Another method for diagnosing AVN is bone marrow
pressure measurement, an invasive procedure, which has
been shown to be more sensitive than MRI but with a
low speciﬁcity (near 50%). Therefore, MRI is the procedure of choice for diagnosing early AVN and is particularly useful in detecting early changes in high-risk patients.
The normal femoral head has high signal intensity in
the fatty bone marrow on T1-weighted images, surrounded by a thin rim of low signal intensity representing cortical bone. The most common presentation of
AVN is a focal area of decreased signal intensity in the
medullary cavity on T1- and T2-weighted images, usually
in the superolateral femoral head. Another common
presentation on MRI is that of a rim of decreased signal
intensity on T1- and T2-weighted images, with an inner
zone of varying signal intensity. The dark peripheral rim
is believed to represent the reactive interface between
dead and viable bone, where inﬂammatory and ﬁbroblastic tissue replace marrow fat, and in part may represent an area of sclerosis resulting from thickened trabecular bone.
Mitchell and colleagues correlated the MRI signal
characteristics of the central lesion with the radiographic
stage of disease and histopathologic ﬁndings. They devised four MRI classes of AVN. Class A had a ‘‘fatlike’’
MRI appearance, bright on T1-weighted scans and intermediate signal intensity on T2-weighted scans. This presumably corresponds to early AVN before revascularization of the central lesion. Class B had a ‘‘bloodlike’’
signal, bright signal intensity on T1- and T2-weighted
images, and was the least common appearance. Class C
is ‘‘water like’’ with low signal intensity on T1-weighted
scans and high signal intensity on T2-weighted scans
(Fig. 13-31). This occurred at early and late stages,
presumably indicating inﬂammation or hyperemia, with
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FIGURE 13–31. Bilateral
avascular necrosis (AVN) is
present on T1-weighted spin
echo (A) and (B) short TI
inversion recovery coronal
images of the hip. On the right,
magnetic resonance imaging
stage C AVN, demonstrating
predominantly fluid signal
intensity characteristics, is
present. Stage A AVN,
demonstrating signal
characteristics of fat, is noted
within the left femoral head.

decreased lipid content of the femoral head. Class D is
‘‘ﬁbrous like,’’ with low signal intensity on both T1- and
T2-weighted scans, representing advanced AVN, which
is complicated by secondary fracture, with predominant
ﬁbrosis and sclerosis.
Their classiﬁcation system correlated well with disease
progression and radiographic staging. Early disease before fracture and collapse most often has class A MRI
signal characteristics (Fig. 13-32). After fracture or collapse, most cases have class D MRI ﬁndings, with decreased signal intensity in the central lesion on T1weighted images. Classes B and C were not as strongly
correlated with radiographic stage. Unfortunately, many
cases of AVN do not fall cleanly into one of these
four classes.
With very early AVN, conventional MRI sequences
can be normal. Contrast enhancement with a gadolinium
chelate (combined with fat suppression) can be used in
this situation to detect early ischemic changes. Normal

marrow enhances rapidly as opposed to ischemic marrow, which shows no enhancement. With time (7 days
or more), an enhancing zone can be identiﬁed around
the ischemic zone.
Additional ﬁndings in late AVN include deformity of
the femoral head after fracture or collapse. End-stage
AVN will show joint space narrowing and osteophyte
formation as a result of severe degenerative arthritis.
After core decompression, a linear area of decreased
signal intensity is seen in the femoral head at the site
of the core. Because AVN is commonly bilateral, the
contralateral hip must be carefully evaluated for early
AVN if advanced changes are obvious in the other hip.
We have had no difﬁculties scanning patients with unilateral arthroplasty other than local distortion of the
magnetic ﬁeld adjacent to the prosthesis.
Excessive joint ﬂuid and early fatty conversion of bone
marrow are common secondary ﬁndings in AVN. It has
been shown that 95% of healthy patients younger than
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FIGURE 13–32. Magnetic resonance stage A avascular necrosis of the right femoral head is clearly seen on T1- (A) and fat-suppressed
T2-weighted (B) images of the right hip. The large amount of the articular surface involved by the necrotic region suggests a poor
prognosis for conservative therapy in this patient.

50 years have hematopoietic marrow in the intertrochanteric region of the femur compared with only 33%
of patients with AVN. It is postulated that decreased
marrow vascularity can hasten the conversion of hematopoietic to fatty marrow and that premature conversion
to fatty marrow predisposes to AVN. Mitchell and colleagues reported that 84% of normal patients have a
small amount of hip joint ﬂuid. However, 58% of patients with AVN and only 5% of normal patients have
enough ﬂuid to surround the femoral neck or distend
the joint capsule.

Transient Osteoporosis
Transient osteoporosis is a rare disease of unknown
cause, most common in young or middle-aged men.
The disease presents with pain (on weight bearing with
a limp) and bone marrow edema. The onset is acute as
opposed to AVN, which is gradual. Osteopenia is seen
on radiographs 4 to 6 weeks after onset. MRI demonstrates increased signal intensity on T2-weighted scans
and decreased signal intensity on T1-weighted scans in
the femoral head and neck (Fig. 13-33). Effusions are
common. Clinically, the disease resolves by 2 to 6
months; treatment is conservative (non-weight bearing).

Trauma
In recent years, MRI has replaced radionuclide scans as
a method of excluding subtle hip and pelvic fractures,
especially in the elderly. Insufﬁciency fractures are common in the pelvis, particularly in elderly osteoporotic
women. Bone marrow edema is evident early after an
insufﬁciency fracture and is seen with increased signal
intensity on T2-weighted scans and decreased signal intensity on T1-weighted scans (Fig. 13-34). The fracture
itself is low signal intensity and thus best seen on T2-

weighted or STIR sequences. Subtle fractures, including
femoral neck fractures, stress fractures, and fractures not
suspected (on the basis of plain radiographs; Fig. 13-35),
are well deﬁned by MRI early in the disease process.
Stress fractures are also seen earlier on MRI compared
with radionuclide scans; MRI is more speciﬁc as well for
this diagnosis. Both T1- and T2- (or STIR) weighted
images are required to deﬁne the fracture line (with
associated edema), which may be subtle (Fig. 13-36).
Resolution of stress fractures, based on MRI features, is
seen by 6 to 12 months.
MRI is also the modality of choice for imaging of soft
tissue injuries, whether these involve muscle, tendon,
ligament, or neurovascular bundle. Injuries to thigh
muscles and their pelvic attachments are common in
both athletes and nonathletes. The hamstring muscles
are most frequently injured (Fig. 13-37). Signiﬁcant
muscle injuries in the pelvic region (Fig. 13-38) are not
uncommon in patients with suspected hip fractures with
or without an actual associated fracture.
Another common cause of hip pain is trochanteric
bursitis (Fig. 13-39). Clinical exam is often sufﬁcient for
diagnosis. MRI can be useful to conﬁrm the diagnosis
and to exclude other causes. T2-weighted scans are typically acquired in both the axial and coronal planes and
clearly deﬁne the bursae involved. An additional important bursa, which can also cause clinical symptoms
and hip pain when inﬂamed, is the iliopsoas bursa (Fig.
13-40). This lies beneath the iliopsoas muscle as it
crosses the anterior surface of the hip joint. Inﬂamed
bursae should not be mistaken for neoplastic disease.

Pediatric Disorders
Legg-Calvé-Perthes disease is an ischemic disease of the
femoral head seen most commonly in boys between the
Text continued on page 410
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FIGURE 13–33. Transient
osteoporosis of the hip. The
hallmark of transient
osteoporosis on magnetic
resonance imaging is the
presence of marrow edema.
In this case of transient
osteoporosis, there is extensive
edema within the right femoral
head and neck seen on the T1weighted coronal image (A) as
abnormal low signal intensity
and on fat-suppressed T2weighted coronal (B) and fatsuppressed proton densityweighted axial (C) images as
abnormal high signal intensity.
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FIGURE 13–34. Sacral and iliac insufficiency fractures.
Linear signal abnormalities (arrows) on the T1weighted coronal image (A) with corresponding areas
of striking marrow edema (arrows) on fat-suppressed
T2-weighted coronal (B) and axial (C) images are
present in this elderly female with insufficiency
fractures involving the sacrum and left iliac wing.
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FIGURE 13–35. Occult femoral neck fracture. Plain films were normal in this case of an occult intertrochanteric fracture of the left femoral
neck. A, T1-weighted coronal image reveals the linear fracture (arrows), whereas the fat-suppressed T2 weighted (B) image demonstrates
intense marrow edema (arrows). Incidental avascular necrosis of the femoral head (arrowhead) is also apparent.

FIGURE 13–36. Stress fracture of the femoral neck. A stress fracture of the left femoral neck results in a linear signal abnormality (arrow)
perpendicular to the medial cortex on T1-weighted (A) and fat-suppressed T2-weighted coronal (B) images of the left hip. Prominent
surrounding marrow edema is also present.
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FIGURE 13–37. An avulsion of the hamstring tendon
from the ischial tuberosity (arrow) is identified on
fat-suppressed T2-weighted coronal (A) and
fat-suppressed proton-density axial (B) images
of the pelvis.
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FIGURE 13–38. Muscle strain of the hip. Striking
edema from a strain of the gluteus minimus muscle
(arrows) is apparent on fat-suppressed T2-weighted
coronal (A) and proton density-weighted axial (B)
images.
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FIGURE 13–39. Trochanteric bursitis. A hyperintense
fluid collection (arrow) is seen adjacent to the left
greater trochanter on T2-weighted axial (A) and short
TI inversion recovery coronal (B) images of the hip.
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FIGURE 13–40. Severe, chronic iliopsoas bursitis.
Lobulated fluid (arrows) distends the iliopsoas bursa
on T1-weighted axial (A) and fat-suppressed T2weighted coronal (B) views.
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ages of 5 and 8 years. The disease is usually unilateral.
Without intervention, the femoral head remodels with
variable deformity leading long term to degenerative hip
disease. Radionuclide scans and MRI are more sensitive
for early disease detection than plain radiographs. MRI
is superior to radionuclide scans because of better depiction of osseous and articular anatomy. The femoral head
has been divided into central and peripheral zones for
classiﬁcation purposes; more severe disease involves the
peripheral zones.
The most common hip disorder in adolescent patients
is slipped capital femoral epiphysis (Fig. 13-41). The
disease is a frequent cause of early osteoarthritis. The
disease is bilateral in about a third of patients. Clinical
presentation is with pain and a limp. The disease is
staged as preslip, acute, or chronic. During the preslip
stage, there is mild widening of the physis, but a slip is
not apparent. The slip, once it occurs, is classiﬁed as
mild, moderate, or severe depending on the degree of
displacement. Plain ﬁlm diagnosis is clearly established.
MRI is reserved for evaluation in the preslip phase when
radiographic ﬁndings are subtle, to exclude bilateral
involvement, and to evaluate complications.

SHOULDER MRI
The painful shoulder is a common clinical problem with
numerous potential causes such as subacromial bursitis,
adhesive capsulitis, arthritis, and the various stages of the
impingement syndrome, including complete or partial
rotator cuff tears and tendinitis. The clinical examination is limited in differentiating these entities. Plain
radiographs are helpful for diagnosing calciﬁc tendinitis
and arthritis, but they are poor for evaluating the rotator
cuff. Arthrography, ultrasonography, and CT arthrography have been used to evaluate the rotator cuff with
relative success. However, arthrography and CT
arthrography are invasive procedures and are poor at
diagnosing partial rotator cuff tears. Ultrasonography is
exceedingly operator dependent and can be limited by
bone interference. MRI is well suited for the evaluation
of the shoulder because it has excellent soft tissue contrast, multiplanar capability, no bone artifacts and no
ionizing radiation and is noninvasive.

Technique
MRI of the shoulder, ﬁrst reported in 1986, has gained
widespread acceptance as a primary imaging modality
for the shoulder. The use of a dedicated surface or
extremity coil is essential to obtain adequate SNR and
spatial resolution. Oblique nonorthogonal imaging
planes are also required to optimally visualize the rotator cuff.
Initially, axial thin sections using gradient echo technique to highlight the labrum are obtained from the
level of the acromion to the inferior aspect of the glenoid. The axial images are then used to position the
subsequent oblique scan planes. Two oblique planes are
acquired: one parallel to the surface of the glenoid cavity
(parasagittal) and another perpendicular to the surface
of the glenoid cavity, oriented along the axis of the

supraspinatus muscle (paracoronal). Usually, T1- and T2weighted scans are acquired in both planes. However,
the T1-weighted scan is less important and may be obtained in only one plane. The use of fast spin echo
technique for acquisition of the T2-weighted scans is
standard; however, this technique is best used with fat
saturation. Another option in terms of general approach
is performing double echo T2-weighted scans in both
oblique planes, eliminating the T1-weighted scans. Slice
thickness should be 4 mm or less, with the scan matrix
256 ⳯ 256 or greater. The patient should be supine,
with the arm at the side in a neutral position and
thumb up.

Anatomy
The rotator cuff is composed of four muscles. The
supraspinatus, infraspinatus, and the teres minor muscles
arise from the scapula, and their tendons insert on the
greater tuberosity of the humerus. The subscapularis
tendon inserts on the lesser tuberosity. Because only
33% of the humeral head is in contact with the surface
of the glenoid, joint stability relies heavily on the integrity of the muscles, tendons, ligaments, and joint cartilage.
The articular surface of the glenoid cavity and the
humeral head are lined by hyaline cartilage, which has
intermediate signal intensity on T1- and T2-weighted
images. The glenoid labrum and articular surface of the
acromioclavicular (AC) joint are composed of ﬁbrocartilage, which has low signal intensity on all conventional
spin echo pulse sequences. The rotator cuff tendons
normally have low signal intensity and can be difﬁcult
to separate from the adjacent cortical bone of the humeral head.
Axial scans optimally show the relationship between
the humeral head and the glenoid cavity. The tendon of
the long head of the biceps, the bicipital groove (which
contains this tendon), the glenoid labrum, and the axillary neurovascular bundles are easily seen on the axial
images. The oblique plane parallel to the glenoid cavity
(i.e., parasagittal) demonstrates the glenoid, coracoid
process, and the muscles and tendons of the rotator cuff
in cross-section.
The oblique plane perpendicular to the glenoid cavity
(i.e., paracoronal) best demonstrates the rotator cuff
muscles and tendons. The acromioclavicular (AC) joint,
coracoid process, and subacromial and subdeltoid bursae
are also seen. Normally, the subacromial and subdeltoid
bursae are potential spaces, and only their fat pads are
visualized. These appear as thin straight bands of high
signal intensity, located between the rotator cuff tendons
and the AC joint and deltoid muscle. The paracoronal
plane is optimal for visualizing rotator cuff tears and for
other manifestations of the impingement syndrome. The
parasagittal plane is an excellent second plane for detecting rotator cuff tears.

Impingement Syndrome and Rotator
Cuff Abnormalities
MRI is well suited for evaluating the shoulder impingement syndrome. In this condition, pain occurs during
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FIGURE 13–41. Slipped capital femoral epiphysis. The
left proximal femoral physis (arrow) is abnormally
widened and demonstrates abnormal alignment on T1weighted spin echo (A) and short TI inversion
recovery (B) coronal images. Marrow edema and a
reactive joint effusion are apparent on the STIR exam.

abduction and external rotation of the arm. The pathophysiology of this syndrome is entrapment of soft tissue,
usually the supraspinatus tendon or the long head of the
biceps tendon, between the humeral head and the anterior part of the acromion, AC joint, or the coracoacromial ligament. This can cause bursitis, rotator cuff tendinitis, ﬁbrosis, and tearing of the rotator cuff. Neer
postulated that 95% of rotator cuff tears are the result
of chronic impingement on the supraspinatus tendon.

Impingement can occur as a result of degenerative
disease and other abnormalities of the coracoacromial
arch. The latter is composed of the clavicle, acromioclavicular arch, anterior acromion, coracoid, and coracoacromial ligament. Abnormalities in any of the components of the arch (osseous, ligamentous [Fig. 13-42],
or soft tissue) may cause impingement. Degenerative
changes include subacromial bone proliferation, spurring, or capsular hypertrophy at the inferior AC joint
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FIGURE 13–42. Impingement. A fat-suppressed T2-weighted
sagittal image reveals a hypertrophied coracoacromial ligament
(arrow).

(Fig. 13-43), and spurring of the humeral head. Acromial
conﬁguration (type 1 straight, type 2 curved, type 3
hooked) and anterior or lateral angulation of the acromion can also cause impingement (Figs. 13-44 and 1345). Rarely, the impingement syndrome is due to a
tumor or other mass. Neer believed that rotator cuff
injuries represent a continuum of disease that progresses
through three stages. Stage I usually occurs in patients
younger than 25 years who have a history of acute

overuse of the shoulder and who develop hemorrhage
and edema in the supraspinatus tendon. This stage is
reversible, and it is treated conservatively. Stage II typically occurs in patients 25 to 40 years old who had
repeated episodes of minor trauma leading to ﬁbrosis
and thickening of the rotator cuff and subacromial bursa.
Stage III occurs most often in patients older than 40
years and manifests as a complete rotator cuff tear. Patients with stage III injuries require surgical correction.
The goal of MRI is to diagnose impingement at stages
I and II before a complete rotator cuff tear has occurred
and to detect and quantify cuff tears to aid surgical
planning.
MRI accurately detects rotator cuff tears. The most
common site for a rotator cuff tear is a hypovascular
zone located approximately 1 cm proximal to the site of
insertion of the supraspinatus tendon on the greater
tuberosity. Before MRI, radiographic evaluation of impingement syndrome and rotator cuff tear had limited
success. Plain ﬁlms are unreliable early, with the classic
ﬁndings of decreased space (⬍7 mm) between the acromion and the humeral head and a high position of the
humeral head only occurring late in the disease process.
Arthrography and CT arthrography cannot detect stage
I or II lesions.
The ability to differentiate tendinitis/tendinosis, partial tears, and small full-thickness tears may not always
be possible because these entities represent a continuum
of disease, and their MRI appearances overlap. The
necessity of distinguishing these entities depends on the
treatment philosophy of the referring orthopedist. From
the work of Carrino, grade 1 tendons have increased
signal intensity on T1- or proton density-weighted scans
1 cm from the insertion. These changes do not increase
or are less obvious on T2-weighted scans. Grade 2 tendons (tendinitis/tendinosis) have increased signal inten-

FIGURE 13–43. Impingement. Prominent acromioclavicular joint hypertrophic changes (arrow) are present on T1- (A) and fat-suppressed
T2-weighted coronal (B) views of the shoulder. Mass effect on the musculotendinous junction of the supraspinatus is present, and a small
full-thickness tear (arrowheads) is evident on the T2-weighted image.
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FIGURE 13–44. Impingement. An inferior offset of the acromion (arrow) relative to the distal clavicle is present on T1- (A) and fatsuppressed T2-weighted (B) images, resulting in decreased space for the underlying rotator cuff, thus predisposing this patient to
impingement syndrome.

sity on T2-weighted scans (Fig. 13-46), but this does not
involve the inferior or superior surface of the tendon,
thus not meeting the criteria for a partial tear. At this
stage, high signal intensity on T2-weighted images representing ﬂuid should not be seen in the subacromial or
subdeltoid bursa. The high-signal-intensity fat pad of

FIGURE 13–45. Impingement. A fat-suppressed T2-weighted
sagittal image reveals a case of positive acromial slope, in which
the anterior edge (arrow) of the acromion lies significantly inferior
to the posterior edge.

these bursae should be seen on T1- and proton densityweighted images. The diagnosis of a partial tear is made
when, in addition to the ﬁndings seen in tendinitis, there
is abnormal high signal intensity on the T2-weighted
scan involving either the inferior or superior surface of
the rotator cuff (Fig. 13-47). A potential pitfall is that a
previous site of steroid or local anesthesia injection can
also appear as a bright area on T2-weighted images. The
diagnosis of a small full-thickness tears is made when
there is abnormal increased signal intensity on the T2weighted scan in the full thickness of the tendon (Fig.
13-48). Long term, the tear may ﬁll in with scar or
granulation tissue. There may be accompanying ﬂuid
in the subacromial and subdeltoid bursae, presumably
representing extension of intra-articular ﬂuid through
the cuff tear into the bursa. Full-thickness tears may
spare a few ﬁbers of the tendon, involve the full thickness of the tendon without retraction, or be associated
with retraction (Fig. 13-49).
Other ﬁndings seen on MRI in the impingement syndrome are spurs off the inferior acromion or AC joint,
capsular hypertrophy of the AC joint, inferior displacement of the anterior acromion with respect to the distal
clavicle, and pressure effect on the supraspinatus muscle
or tendon. After massive rotator cuff tears, inactivity and
instability of the shoulder, along with leaking of synovial
ﬂuid, can produce atrophy of the glenohumeral articular
cartilage and resorption of subchondral bone, ultimately
causing humeral head collapse. Another late ﬁnding is
atrophy of the rotator cuff, which presents as decreased
muscle bulk and increased signal intensity within the
muscles on T1-weighted images as a result of fatty inﬁltration. Timely acromioplasty can retard the progression
of rotator cuff deterioration, and early diagnosis with
MRI should facilitate appropriate therapy before the
disease progresses to an irreversible stage.
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FIGURE 13–46. Rotator cuff tendinosis. The supraspinatus tendon (arrow) appears thickened and demonstrates increased signal intensity
within its substance on T1- (A) and fat-suppressed T2-weighted coronal (B) images.

FIGURE 13–47. Partial rotator cuff tear. A, A partial articular surface tear of the rotator cuff is relatively inapparent on a T1-weighted
coronal image. B, On the fat-suppressed T2-weighted coronal view, the partial tear (arrow) is readily apparent as a region of marked
hyperintensity. Preserved bursal surface fibers (arrowhead) are evident.
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FIGURE 13–48. Full-thickness tear. A, On the T1-weighted coronal image, a full-thickness tear (arrow) of the supraspinatus tendon
demonstrates diffusely decreased signal intensity. B, The fluid-filled gap of the tear (arrow) is much more apparent on the corresponding
fat-suppressed T2-weighted coronal view.

FIGURE 13–49. Chronic complete tear with retraction. T1- (A) and T2-weighted (B) coronal images demonstrate a massive, chronic fullthickness rotator cuff tear. The humeral head is high riding, contacting the undersurface of the acromion. Severe atrophy of the
supraspinatus muscle is present; very few residual muscle fibers are seen in the expected location of the supraspinatus (arrow).
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Occasionally, the long head of the biceps tendon is
injured in the impingement syndrome as it travels with
the supraspinatus tendon under the anterior acromion.
The tendon is best evaluated in the axial plane. MRI
can help by showing disruption of the tendon and the
location of the tendon break.

Instability
The glenohumeral joint is the most mobile joint in the
body; therefore, it is also the most unstable joint. The
surrounding soft tissues, consisting of the glenoid labrum, synovium, joint capsule, and the rotator cuff muscles and tendons, are vital to joint stability. Instability of
the joint most often causes anterior dislocation, pain,
weakness, and decreased range of motion. Anterior dislocation can cause tearing of the anterior glenoid labrum
and anterior joint capsule.
The capsular structures of the joint are best evaluated
by MRI arthrography (Fig. 13-50), which is performed
immediately followed by direct injection of a small
amount of very dilute contrast media (gadolinium chelate). MRI arthrography is a topic beyond this textbook.
There are many excellent articles and specialty texts that
cover this technique and ﬁlm interpretation in detail.
On a routine shoulder evaluation obtained without injection of the joint, the thin-section axial gradient echo
images provide a survey of the capsular structures. If a
joint effusion is present, these scans can be even more
informative. Anatomic variations in the labrum are common and can create confusion. The most frequent conﬁguration is a triangular anterior and posterior labrum.
Although less frequent, either labral structure may be
rounded in appearance. Most authors believe that this is
more common posteriorly. A small cleft is normally seen
between the labrum and the adjacent articular cartilage.
The labrum normally has low signal intensity on all
pulse sequences. The MRI appearance of glenoid labrum
tears (Figs. 13-51 and 13-52) can manifest as attenuation, irregularity, and indistinct borders of the labrum.
Abnormal diffuse or linear areas of increased signal in-

FIGURE 13–50. Labral tear. The posterior glenoid labrum has an illdefined and fragmented appearance (arrow) on a fat-suppressed
T1-weighted axial magnetic resonance arthrographic image of a
posterior labral tear.

FIGURE 13–51. Labral tear. A T2*-weighted axial image (obtained
without administration of contrast) reveals a vertical tear (arrow) of
the posterior glenoid labrum.

tensity may also be seen within the substance of the
glenoid labrum on T1- and T2-weighted images. The
term SLAP refers to superior labral tear with anterior
and posterior extension (Fig. 13-53). SLAP lesions have
been categorized into many different types, although
there is no evidence that this categorization provides
improved prognostic information. SLAP lesions are associated with rotator cuff tears and anterior instability
in up to 25% of all patients and generally respond to
arthroscopic repair.
Recurrent dislocation can produce bony lesions, the
Hill-Sachs deformity and the Bankart lesion. Hill-Sachs
deformity produces an abnormal contour of the lateral
aspect of the humeral head at the level of the coracoid

FIGURE 13–52. Labral tear. An arthroscopically confirmed buckethandle tear of the anterior glenoid labrum is seen on a T2*weighted axial image (obtained without administration of
contrast). A small, displaced labral fragment (arrow) is evident
within the joint, and the residual anterior labrum (arrowhead) is
abnormally small.
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FIGURE 13–53. A, A SLAP (superior labral with anterior and posterior extension) lesion demonstrates diffusely increased signal intensity
within the superior labrum (arrow) on the T1-weighted coronal image. B, On the T2-weighted coronal image, abnormal linear
hyperintensity (arrow) undercuts the base of the superior labrum.

process. The Bankart lesion manifests as high-signalintensity ﬂuid along the base of the glenoid labrum or
along the border of the scapula, indicative of capsular
stripping. Fractures of the glenoid rim compatible with
Bankart lesions can be identiﬁed.

MRI OF THE
TEMPOROMANDIBULAR JOINT
The TMJ is a synovial joint that is the articulation
between the mandibular condyle, the glenoid fossa, and
the articular eminence of the temporal bone. Abnormalities of the TMJ occur in about one third of the adult
population. These present as facial pain, joint click, or
decreased range of motion of the jaw.
There are several methods for imaging the TMJ,
including plain ﬁlms, arthrography, and CT arthrography. Arthrography and CT arthrography are adequate
techniques, but they are invasive, require specialized
technical skill, and deliver a substantial radiation dose.
MRI has become the preferred imaging modality for
evaluating most abnormalities of the TMJ, especially the
position of the meniscus (disk). MRI provides direct
visualization of the meniscus, is noninvasive, has excellent soft tissue contrast, is easy to interpret, and does
not use ionizing radiation. Reimbursement issues today
generally dictate whether MRI of the TMJ is commonly
performed in a speciﬁc radiologic practice.

Technique
To obtain the desired soft tissue resolution and SNR,
images must be acquired using a surface coil. Bilateral
TMJ coils, permitting simultaneous imaging of both
joints, are available for most instrumentation. Spin echo
pulse sequences are used for static imaging of the joint;
‘‘dynamic’’ studies use gradient echo technique. A standard exam includes ﬁrst acquisition of sagittal spin echo

images with the mouth closed to determine the position
of the meniscus. Open-mouth images are then obtained
to determine whether a dislocated meniscus is reducible
and to evaluate the degree of condylar translation. Images should be acquired using a T1-weighted technique
with a slice thickness of 3 mm or less, a matrix of 256
⳯ 256 or greater, and a small FOV (12–16 cm). If
inﬂammatory disease, joint ﬂuid, or meniscal degeneration is suspected, T2-weighted images should also be
acquired. T2-weighted scans are used to detect abnormal
signal intensity in the disk or joint space and also help
to assess the stage of AVN, if present, of the mandibular
condyle. Strict attention should be paid to MRI technique so that images with appropriate SNR and resolution are obtained.
Functional, ‘‘dynamic’’ information concerning the
joint can be obtained by acquiring gradient echo images
at incremental stages of mouth opening (1–3 mm steps).
The images are then displayed for interpretation in cine
mode. When interpreting these images, however, it
should be kept in mind that they simply represent a
single cycle of opening and closing and that they are
nonphysiologic, indeed not truly ‘‘dynamic.’’ In some
institutions, coronal spin echo T1-weighted images are
added to the standard exam to increase the accuracy in
determining the disk position, speciﬁcally mediolateral
displacement. Three dimensional volume gradient echo
techniques are also used in some practices because the
slices obtained can be thinner (1 mm) and are truly
contiguous. Both joints should always be imaged because
as many as 50% of patients have bilateral joint disease.
The high incidence of bilateral disease suggests that the
mechanical dysfunction of one side may affect the other.

Anatomy
The mandibular condyle is located anterior to the external auditory meatus. The head of the mandible articulates with the glenoid fossa and articular eminence of
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FIGURE 13–54. A, The normal temporomandibular joint meniscus (arrows) lies along the superior-anterior aspect of the mandibular
condyle on a T1-weighted sagittal closed-mouth view. B, With mouth opening, the mandibular condyle moves anteriorly, and the
meniscus moves to the one- or two-o’clock position.

the temporal bone. The meniscus divides the joint space
into upper and lower compartments. The meniscus has
a biconcave conﬁguration, with a thick anterior band, a
slightly thicker posterior band, and a thin intermediate
zone. The normal meniscus has lower signal intensity
than the surrounding soft tissues on both T1- and T2weighted images. The posterior aspect of the meniscus
is attached to the retrodiscal bilaminar zone, which connects the meniscus to the temporal bone behind the
condyle. The bilaminar zone contains elastic tissue and
fat and has slightly higher signal intensity than the meniscus.
The lateral pterygoid muscle, located anterior to the
meniscus, divides into two heads. The superior belly of
the lateral pterygoid muscle inserts into the anteromedial aspect of the meniscus and applies traction on the
normal meniscus during forward movement of the condyle. The inferior belly of the lateral pterygoid muscle
inserts at the anatomic neck of the mandibular condyle
and pulls the condyle forward during contraction.

Normal TMJ Motion
With the mouth closed, the mandibular condyle lies
centered in the glenoid fossa, with the disk located
between the condyle and the glenoid fossa. Normally,
the posterior band of the disk lies at ‘‘12 o’clock’’ relative
to the mandibular condyle. On opening the mouth, the
mandibular condyle translates anteriorly to a position
under the articular eminence of the temporal bone (Fig.
13-54). Occasionally, the mandibular condyle will translate anterior to the articular eminence in a normal TMJ.
The meniscus also moves anteriorly on opening the
mouth and should remain between the articular eminence and the mandibular condyle.

TMJ Dysfunction
The most common symptoms of an abnormal TMJ are
facial pain, click, and decreased range of motion of the
jaw. Anterior dislocation of the disk is the most common
cause. In an anterior reducible dislocation (Fig. 13-55),

FIGURE 13–55. Anterior meniscal dislocation with reduction. A, The closed-mouth T1-weighted sagittal image reveals an anteriorly
displaced temporomandibular joint meniscus (arrows). B, With mouth opening, the meniscus (arrows) is recaptured, returning to a
normal position atop the mandibular condyle.
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the meniscus is located anterior to the mandibular condyle, with the condyle resting on the retrodiscal tissue in
the closed position. On opening, the condyle translates
anteriorly under the posterior band of the meniscus with
a resultant click. The condyle then assumes a normal
position, with the mandibular condyle located under the
intermediate zone of the meniscus in the open-mouth
position.
With a ﬁxed (nonreducible) anterior dislocation (Fig.
13-56), the meniscus is located anterior to the mandibular condyle when the mouth is closed and often has a
deformed, bunched-up appearance. In the open-mouth
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position, the disk remains dislocated anterior to the
condyle. Often there is also mechanical obstruction to
condylar translation, producing a locked condyle. Sideways displacement of the meniscus, most often medially,
commonly accompanies anterior displacement of the
meniscus and advanced internal derangements of the
TMJ. Coronal images can help in demonstrating medial
or lateral displacement, but sagittal images are often
sufﬁcient.
It is postulated that when the disk is anteriorly displaced, the condyle articulates with the posterior attachment of the disk rather than with the disk itself. This

FIGURE 13–56. Anterior meniscal dislocation without reduction. T1- (A) and T2*-weighted (B) sagittal images in the closed-mouth position
demonstrate an anteriorly dislocated meniscus (arrow). The meniscus is severely degenerated and, in fact, ossified in this case and has
lost normal morphology. Prominent osteoarthritic changes are evident at the joint; anterior osteophyte formation at the mandibular
condyle and pronounced periarticular sclerosis are noted. C, The open-mouth T2*-weighted sagittal image reveals persistent anterior
dislocation of the meniscus (arrow) and limited anterior translation of the mandibular condyle. D, The degenerative sclerosis at the joint
(arrowheads) is readily apparent on a T1-weighted coronal image obtained in the closed-mouth position.
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leads to inﬂammation and often to perforation of the
posterior meniscal attachment. Once perforation has occurred, the direct contact between the articular surfaces
of the mandibular condyle and the temporal bone erodes
the articular cartilage and causes degenerative arthritis.
Perforations of the meniscus are easily diagnosed by
arthrography by demonstrating contrast entering the
substance of the meniscus or contrast ﬁlling the superior
joint compartment after injection of the inferior compartment. MRI has only marginal success in demonstrating perforations. Currently, only large perforations with
separation of the disk fragments can be reliably demonstrated. Many smaller tears that could be seen with
arthrography go undetected with MRI. One study demonstrated several false-positive perforations diagnosed
by MRI. This was caused by an attenuated appearance
of the stretched bilaminar zone in chronic anterior disk
displacement. Because disk perforation is often a relatively late occurrence in the abnormal TMJ, the diagnosis of internal derangement of the TMJ should be based
on earlier ﬁndings, such as anterior disk displacement.
MRI is very accurate in determining the disk position
and, therefore, has become the procedure of choice for
evaluating TMJ meniscal abnormalities.
Chronic anterior disk displacement can lead to
changes in the meniscus, muscles, and adjacent bony
structures. Myxoid degeneration of the meniscus ﬁbrocartilage may cause increased signal intensity in the
substance of the abnormal meniscus on T2-weighted
images. Fibrosis, atrophy, and contracture of the superior belly of the lateral pterygoid muscle can occur after
chronic anterior disk dislocation and present as fatty
replacement (increased signal intensity on T1-weighted
images) and attenuation of the muscle. Thickening of
the fascia in the inferior belly of the lateral pterygoid
muscle may indicate chronic anterior disk displacement.
Later, osteoarthritic changes can be seen in the mandibular condyle and along the glenoid fossa, which manifest
as osteophytes and bony deformities.
Internal derangement of the TMJ may induce osteochondritis or AVN of the mandibular condyle. MRI
ﬁndings of AVN include loss of the normal fatty marrow
signal intensity, with resultant low signal intensity in the
marrow of the mandibular condyle on T 1 -weighted
scans. Early and reparative AVN have increased signal
intensity in the marrow on T2-weighted scans, whereas
late AVN has decreased signal intensity in the marrow.
There is often associated contour deformity of the mandibular condyle. Osteochondritis presents as a focal subarticular bone defect, which often has a low signal intensity centrally, surrounded by high signal intensity on
both T1- and T2-weighted scans.
Surgical procedures for patients with meniscal degeneration include meniscectomy, disk repositioning, lysis
of adhesions, condylectomy, reduction osteotomy of the
articular eminence, and replacement by autologous
grafts or allografts. The postoperative TMJ is a challenge to MRI. Typically, after meniscectomy, the amputated posterior and anterior meniscal attachments are
seen at the margins of the articular space. There is often
some remodeling of the TMJ, with thickening of the
articular cartilage surfaces of the glenoid fossa and man-

dibular condyle and often slight ﬂattening of these structures. The articular space is maintained by the surface
ﬁbrocartilage, although often relatively narrowed, but
without functional disturbance. If a prosthesis is placed,
it can be identiﬁed as an area of signal void between the
mandibular condyle and the temporal bone. Prostheses
may fragment or fracture. Any discontinuity of the prosthesis should be interpreted as a fracture. Other complications of failed Proplast-Teﬂon implants include erosions, foreign body reactions, and AVN. Erosions can
affect both the mandibular condyle and the temporal
bone. Foreign body granulomatous reactions and AVN
of the condyle are not uncommon. Either of these processes can present as decreased signal intensity in the
marrow of the condyle. Granulomatous reactions often
have accompanying soft tissue masses and cortical erosions. AVN is distinguished by bony deformity and collapse. Other complications after surgery include joint
ﬂuid, bony ankylosis, and adhesions, often seen as thick,
ﬁbrous connective tissue bands that are isointense with
soft tissue.

MRI OF THE WRIST AND HAND
As in most other joints, high-resolution scans of the
wrist or hand with adequate SNR require surface coil
imaging, preferably performed at high ﬁeld strength
(1.0-1.5 T). Current indications for MRI of the wrist
include evaluation after trauma (for both osseous abnormalities such as AVN and soft tissue injuries), soft tissue
masses, infection, and carpal tunnel syndrome.

Technique
The patient should be placed in the MRI gantry with the
wrist positioned in a comfortable manner to minimize
motion. Surface coil imaging, typically with a ﬂexible
wrap around coil, is mandatory for adequate SNR and
spatial resolution. T1-weighted spin echo scans should
be obtained in both the coronal and axial planes. Fast
T2-weighted scans should be obtained in the scan plane
that best delineate the abnormality. Generally, coronal
planes are best for osseous abnormalities, such as AVN,
and axial planes are best for the carpal tunnel and to
evaluate the extent of soft tissue masses. The exam may
be supplemented with other scan techniques, such as
fast STIR and 3D gradient echo scans. A small FOV is
essential for attaining good spatial resolution. The slice
thickness should be 3 mm or less.

Anatomy
The tendons and ligaments of the wrist usually have low
signal intensity on all pulse sequences. Bone marrow has
high signal intensity on T1-weighted images because of
fat, which is surrounded by low-signal-intensity cortical
bone. Muscles and nerves have intermediate signal intensity on all pulse sequences.
Coronal images best show the relationship of the
carpal bones to the metacarpal bones, the ulna, and the
radius. The course of nerves, vessels, and tendons is also
clearly visualized. The triangular ﬁbrocartilage is seen
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on coronal images as a triangular region of low signal
intensity on T1- and T2-weighted images.
The axial plane is superior for imaging the carpal
tunnel. The tendons of the ﬂexor muscles of the hand
and the median nerve lie within the carpal tunnel. Carpal bones form the dorsal surface of the carpal tunnel.
A ligamentous band called the ﬂexor retinaculum forms
the palmar surface. The ﬂexor retinaculum extends medially from the hook of the hamate and pisiform bone
laterally to the scaphoid and trapezium. The ﬂexor retinaculum appears as a thin band of low signal intensity
on all pulse sequences. Just deep to the ﬂexor retinaculum are the tendons of the ﬂexor digitorum superﬁcialis
muscles, which divide into four tendons as they pass
through the carpal tunnel. Lateral and deep to these
tendons is the tendon of the ﬂexor pollicis longus muscle. Lateral to the ﬂexor pollicis longus tendon is the
ﬂexor carpi radialis tendon, which actually lies outside
and adjacent to the carpal tunnel. The deepest tendons
in the carpal tunnel are the four tendons of the ﬂexor
digitorum profundus muscles, which lie deep to the
ﬂexor digitorum superﬁcialis tendons. The tendons in
the carpal tunnel have low signal intensity on all pulse
sequences and are outlined by higher-signal-intensity
sheaths. The median nerve usually is located against
the ﬂexor retinaculum near the second ﬂexor digitorum
superﬁcialis tendon. The median nerve has intermediate
signal intensity on all pulse sequences, paralleling that of
muscle, in contrast to the low-signal-intensity tendons.
The sagittal plane is usually the least informative. It
can help in evaluating the digits, especially the insertion
of tendons on the phalanges. Sagittal images also offer
an additional view of the relationship of the radius and
ulna with respect to the carpal bones.
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Pathology
Ganglion cysts are the most common ‘‘tumors’’ of the
hand, often presenting with wrist or hand pain. Ten to
20% occur in close proximity to a major vessel, which
must be avoided during aspiration. MRI can demonstrate the relationship of the ganglion to adjacent vessels
and nerves (Fig. 13-57). Most ganglion cysts have typical
MRI signal characteristics with intermediate signal intensity on T1-weighted images and high signal intensity
on T2-weighted images. Often ganglion cysts splay the
adjacent tendons.
AVN commonly occurs in the wrist after trauma and
presents with local wrist pain. Fractures of the proximal
or middle portion of the scaphoid bone often lead to
AVN of the proximal pole of the scaphoid (Fig. 13-58).
Minor repetitive trauma can cause AVN of the lunate
bone (Kienböck’s disease; Fig. 13-59) or rarely may involve other carpal bones. MRI is very sensitive for AVN
and often shows abnormalities before radiographic
changes. MRI is more speciﬁc for AVN than radionuclide bone scans. Marrow edema seen with AVN has
abnormal low signal intensity on T 1 -weighted scans
compared with normal marrow and, conversely, abnormal high signal intensity on T2-weighted scans. Fracture
lines and adjacent reactive marrow have low signal intensity on T1-weighted scans.
Radiographically occult fractures (Fig. 13-60), clearly
demonstrated by MRI, have been reported in many
anatomic areas, including fractures of the hook of the
hamate. MRI reveals pannus formation around the carpal and interphalangeal joints in patients with rheumatoid arthritis. Acutely inﬂamed pannus has decreased
signal intensity on T1-weighted images and increased

FIGURE 13–57. Ganglion cyst (wrist). Two cases of ganglion cyst formation at the wrist are illustrated. A, A T2*-weighted coronal image
reveals a multilobulated ganglion cyst (arrow) along the volar/ulnar aspect of the wrist. B, A fat-suppressed proton density-weighted
image, from a different patient, reveals a dorsal ganglion cyst (curved arrow) at the level of the proximal carpal row.
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FIGURE 13–58. A fracture of the scaphoid waist resulting in avascular necrosis of the proximal pole (arrow) is noted on T2*- (A) and T1weighted (B) coronal images. The necrotic proximal pole demonstrates diffusely decreased signal intensity on the T1-weighted image.

FIGURE 13–59. Wrist avascular necrosis of the lunate (Kienböck’s disease).
Diffusely decreased signal intensity within the marrow of the lunate (arrow) is
apparent on a T1-weighted coronal image. Negative ulnar variance
(arrowhead) is also present.
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FIGURE 13–60. Occult scaphoid fracture. Plain films on this collegiate basketball player appeared normal after injury. T1- (A) and T2*weighted (B) coronal magnetic resonance images subsequently obtained reveal a subtle linear signal abnormality (arrow) within the
midscaphoid compatible with an occult scaphoid waist fracture.

signal intensity on T2-weighted images, and chronic
pannus has decreased signal intensity on both T1- and
T2-weighted scans.
The carpal tunnel syndrome is caused by numerous
pathologic conditions, including thickening and ﬁbrosis
of the ﬂexor tendon sheaths, scar tissue, tumor compressing or involving the median nerve (Fig. 13-61), and
inﬂammation producing swelling of the median nerve
(Fig. 13-62). The normal size of the median nerve is 4.5
⳯ 2.0 mm at the level of the pisiform bone and 4.9 ⳯
2.1 mm at the level of the hook of the hamate. Abnormalities of the median nerve, causing the carpal tunnel
syndrome, should be suspected when the median nerve
measures more than two standard deviations above the
mean. Increased signal intensity may be seen within
the median nerve on T2-weighted images, indicating

swelling or edema. Scar tissue, ﬁbrosis of tendon
sheaths, and tumors displacing and distorting the median nerve are easily identiﬁed with MRI. Comparison
with the contralateral normal wrist can make the diagnosis easier.
Thin-section high-resolution imaging is particularly
critical for demonstrating injuries of the interosseous
ligaments and triangular ﬁbrocartilage (TFC). Variations
in signal intensity and conﬁguration of these structures
can be confused with partial or complete tears. Although
MRI is accurate for the diagnosis of TFC tears, conventional arthrography continues to be used in many centers, given the complex anatomy and small size of the
involved structures. T2- or T2*-weighted images are used
to demonstrate tears of the TFC complex and clearly
delineate these when they involve the ulnar portion (Fig.

FIGURE 13–61. Carpal tunnel syndrome. Fibrolipomatous hamartoma of the median nerve, a rare but characteristic cause of carpal tunnel
syndrome, is illustrated. T1-weighted axial (A) and coronal (B) images reveal fusiform enlargement of the median nerve (arrows), which
demonstrates heterogeneous intermediate signal intensity. The flexor retinaculum (arrowhead) has an outwardly bowed appearance.
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FIGURE 13–62. Idiopathic carpal tunnel syndrome. The median
nerve (arrow) has an enlarged and edematous appearance on a
fat-suppressed T2-weighted axial image.

13-63). Defects near the radial attachment (Fig. 13-64)
may be more difﬁcult to deﬁne because of the smaller
size (thickness) of the TFC complex at this level.
MRI of scapholunate (Figs. 13-65 and 13-66) and
lunotriquetral ligament tears is a challenging area; accuracy rates are lower than that reported for tears of the
TFC complex. If the scapholunate ligament is not seen
in its entirety on high-resolution images, a tear can
be implied. This rule does not apply, however, to the
lunotriquetral ligament.
Tendon injuries include tears (partial or complete) and
tendinitis. The latter is far more common in the wrist.
The most common cause of carpal tunnel syndrome in
the United States is ﬂexor tendinitis. Tendinitis may be
due to infection or overuse or the result of bone injury.
The tendons are normally low signal intensity. In tendinitis, MRI may demonstrate abnormal signal intensity
of the tendon or ﬂuid surrounding it (Fig. 13-67).

FIGURE 13–63. Triangular fibrocartilage complex lesion. A complex
tear of the triangular fibrocartilage is seen on this T2*-weighted
coronal image of the wrist. Fluid extending through a central
perforation (arrow) is noted near the radial insertion, and the ulnar
insertion (arrowhead) has an irregular and fragmented
appearance.

FIGURE 13–64. Triangular fibrocartilage complex lesion. A
posttraumatic vertical tear (arrow) is evident near the radial
insertion of the triangular fibrocartilage on a T2*-weighted coronal
image. A complex fracture of the distal radius (arrowheads) is
also apparent in this case.

MRI OF THE ELBOW AND
FOREARM
As with MRI of the wrist and hand, imaging of the
elbow and forearm requires special attention to technique and choice of coil. Normal bone, soft tissue anatomy, and disease are clearly deﬁned. Clinical information and, in particular, the type of disease suspected are
critical in planning the MRI exam.
MRI is particularly well suited to delineate tendon
injuries, which are more common in the upper than
lower extremity. The most commonly injured tendon in

FIGURE 13–65. Scapholunate ligamentous tear. Fluid extends into
the ligamentous defect (arrow) in this fat-suppressed proton
density-weighted image depicting a radial-sided tear.
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FIGURE 13–66. Scapholunate ligamentous tear. The scapholunate
interval is abnormally widened on a T2*-weighted coronal image
of the wrist. A vertical full-thickness tear (arrow) near the
scaphoid insertion of the scapholunate interosseous ligament is
present.

the elbow is the distal biceps tendon. Injuries occur at
its insertion on the radial tuberosity (Fig. 13-68) from
catching a heavy object with the arm ﬂexed and supinated. In comparison, ruptures of the triceps tendon
are rare. Lateral epicondylitis (‘‘tennis elbow’’) involves
injury to the common extensor tendon origin resulting
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from repetitive trauma or overuse (Fig. 13-69). The
spectrum of MRI ﬁndings includes thickening and abnormal intermediate signal intensity in the common
extensor origin, thinning (partial disruption), and complete rupture.
The ulnar collateral ligament (UCL) complex is critical for elbow stability. Athletes such as pitchers frequently injure the UCL because of excessive valgus
stress. The anterior bundle of the UCL is the primary
stabilizer and is best imaged in the coronal plane (Figs.
13-70 and 13-71).
Osteochondritis dissecans is the result of direct
trauma to the elbow, with lateral impaction forces.
Chronic lateral impaction results in a lesion of both
bone and cartilage, involving the central or anterolateral
surface of the capitellum (Fig. 13-72). Lesions typically
occur in boys aged 12 to 15 years and occur more
commonly on the dominant side. The lesion may progress to fragmentation and destruction of both articular
cartilage and bone. It is important to deﬁne these
changes because treatment is dictated by imaging appearance.

MRI OF THE ANKLE AND FOOT
The ankle is a commonly injured joint primarily imaged
with plain radiographs or radionuclide bone scans and
less commonly examined by arthrography and CT. MRI
plays a limited role in evaluating ankle abnormalities,
although it is very capable of delineating the complex

FIGURE 13–67. Tenosynovitis. The abductor pollicis
longus tendon (arrows) is markedly enlarged and
edematous in appearance on T1-weighted axial (A), fatsuppressed proton density-weighted axial (B), and fatsuppressed proton density-weighted coronal (C) images
of a case of de Quervain’s tenosynovitis, one of the
most common sites of tenosynovitis in the wrist. Fluid
surrounding the inflamed tendon is apparent.
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FIGURE 13–68. Biceps tendon tear. A, The distal
biceps tendon insertion (arrow) is completely torn and
retracted on the fat-suppressed proton densityweighted sagittal image. T1- (B) and fat-suppressed
T2-weighted (C) axial images reveal only fluid and
edema (arrowheads) along the expected course of
the distal biceps tendon near its insertion on the
radial tuberosity.
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FIGURE 13–69. Lateral epicondylitis (elbow). The origin
of the common extensor tendon (arrow) from the lateral
epicondyle is thickened and edematous on fatsuppressed T2-weighted coronal (A), T1-weighted axial
(B), and fat-suppressed T2-weighted axial (C) images.
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FIGURE 13–70. Ulnar collateral ligament tear. The ulnar collateral ligament is
completely torn at its proximal attachment (arrow) on a fat-suppressed T2weighted coronal image. Edema is also apparent within the flexor digitorum
superficialis muscle (arrowhead), a common ancillary finding in such cases.

FIGURE 13–71. Ulnar collateral ligament tear. Another case of complete ulnar collateral ligament disruption is clearly seen on fatsuppressed T2-weighted coronal (A) and fat-suppressed proton density-weighted sagittal (B) images of the elbow of an acutely injured
teenage baseball player. An avulsion fracture from the medial epicondyle (arrow) is also apparent in this case.
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FIGURE 13–72. Osteochondritis dissecans of the
capitellum. A typical case of osteochondritis dissecans
of the capitellum is clearly seen on T2*-weighted coronal
(A), fat-suppressed proton density-weighted sagittal (B),
and T1-weighted axial (C) images. Marrow edema and
mild irregularity of the articular surface are apparent at
the site of the osteochondral lesion (arrow).

anatomy of the ankle joint. As in other locations, MRI
is useful for evaluating soft tissue masses, bone marrow
abnormalities, ligaments, tendons, and articular cartilage.

Technique
The attainment of adequate SNR and spatial resolution
requires the use of local coils. The ankle or foot may be
placed within a small volume coil, such as the knee or
head coil, with the patient lying supine in the gantry.
Alternatively, a ﬂexible wrap-around surface coil can be
used. The ankle should be immobilized to minimize
motion during the scan. The choice of imaging technique and plane is largely determined by the clinical
question. Slice thickness should be 3 mm or less, and a
small ﬁeld of view should be used.

Anatomy
The excellent soft tissue contrast of MRI clearly delineates the complex anatomy of the ankle joint. The tendons and ligaments have very low signal intensity on all
pulse sequences and are quite distinct because of the
high signal intensity of adjacent fat. Bone marrow has
increased signal intensity on T1-weighted images and is
surrounded by the decreased signal of cortical bone.
Muscles have intermediate signal intensity on all pulse
sequences. Hyaline cartilage also has intermediate signal
intensity on most pulse sequences and is well visualized
against the neighboring black (low intensity) cortical
bone.
Coronal images show the relationship of the tibia and
ﬁbula to the adjoining tarsal bones, particularly the talus.
The collateral ligaments are also clearly visualized on
coronal images.
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FIGURE 13–73. Tarsal coalition (calcaneonavicular). Fibrous coalition at the calcaneonavicular articulation (arrow) is present on T1weighted (A) and fat-suppressed T2-weighted (B) sagittal images of the ankle.

Sagittal images optimally show the course of the tendons. The tibialis anterior, peroneus tertius, extensor
hallucis longus, and extensor digitorum longus tendons
reside anteriorly, and the peroneus longus and brevis
tendons are seen laterally. Seen medially are the tibialis
posterior, ﬂexor hallucis longus, and ﬂexor digitorum
longus tendons. The Achilles tendon lies posteriorly.
The tendons normally have low signal intensity on all
pulse sequences. Sagittal images also demonstrate the
articular surfaces of the tibia, ﬁbula, and talus.
Axial images are useful for characterizing soft tissue
masses and determining their extent. The Achilles tendon and the other ankle tendons are seen in crosssection on axial images.

Pathology
Soft tissue masses and bone tumors are well depicted by
MRI along with the extent of involvement. Complex

fractures and osteochondral fractures are well demonstrated by MRI. Other imaging modalities often fail to
recognize the degree of abnormality, such as nonviability
of a fracture fragment. AVN of the talus or other tarsal
bones is not uncommon. Cartilaginous defects, thinning
of the cartilage, and synovial abnormalities, as well as
ligamentous injuries, may be seen on MRI. Although
not frequently used in the evaluation of foot deformities,
MRI is very capable of demonstrating unossiﬁed bones
and developing ossiﬁcation. MRI is also useful in the
evaluation of patients with suspected tarsal coalition,
whether ﬁbrous (Fig. 13-73) or osseous (Fig. 13-74)
in nature.
One entity unique to the ankle for which MRI has
been shown to be extremely useful is injury to the
Achilles tendon. The normal Achilles tendon has low
(black) signal intensity on all pulse sequences with no
intratendinous signal. The Achilles tendon is best visual-

FIGURE 13–74. Tarsal coalition (talocalcaneal). Marrow
edema and sclerosis (arrow) are present at the site of a
talocalcaneal osseous coalition on fat-suppressed
proton density-weighted coronal (A) and fat-suppressed
T2-weighted sagittal (B) images.
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ized on sagittal and axial images. In cross-section, on
axial images, the normal Achilles tendon is ﬂat with a
slight concavity anteriorly and slight convexity posteriorly. The lateral and medial margins have a rounded
conﬁguration. The incidence of Achilles tendon injuries
is increasing. Injuries can be seen in joggers and gymnasts and other athletes, or after blunt trauma. The most
common site of injury is 2 to 3 cm proximal to its
insertion on the calcaneus.
The hallmark of an Achilles tendon injury is thickening and swelling of the tendon with or without increased intratendinous signal intensity. Acute complete
tendon tears show disruption of the tendon ﬁbers (Fig.
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13-75). There are foci of increased signal intensity on
T2-weighted images adjacent to the tear, representing
edema or hemorrhage. Partial tears of the tendon produce thickening of the tendon, partial discontinuity of
the tendon ﬁbers, and abnormal increased signal intensity within the tendon on T2-weighted images and intermediate signal intensity on T1-weighted images. Tendinitis manifests as diffuse tendon thickening (Fig. 13-76),
with a rounded conﬁguration, with or without abnormal
intratendinous signal.
The other tendons of the foot and ankle, including the
peroneal tendons, the medial tendons, and the anterior
tendons, are also well evaluated by MRI. Of all imaging

FIGURE 13–75. Achilles tendon rupture. A fluid-filled gap (arrow) is seen
at the distal insertion of the Achilles tendon on T1-weighted (A) and fatsuppressed T2-weighted (B) sagittal images of a complete Achilles
tendon rupture. C, The distal tendon is markedly thickened and
edematous (arrowheads) on the corresponding fat-suppressed T2weighted axial view.
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FIGURE 13–76. Chronic Achilles tendinitis. The distal Achilles tendon (arrow) is markedly thickened on T1-weighted (A) and fatsuppressed T2-weighted (B) sagittal images. Diffusely increased signal intensity is seen within the distal tendon on the T1-weighted
image (short arrow), and reactive marrow edema (arrowhead) is noted within the calcaneus on the fat-suppressed T2-weighted image.

modalities, MRI is the most useful for the peroneal
tendons because it can identify the multiple different
disorders involving these structures most effectively. T2(and T2*-) weighted images are typically used to delineate subtle subluxations or dislocations. Peroneal tendon
tears (Fig. 13-77) are classiﬁed as degenerative, partial,
and complete; the latter is uncommon. Most tears of the
peroneal tendon are partial and longitudinal in conﬁguration. As with other tendons, peroneal tendinitis causes
thickening with increased signal intensity in the tendon
and sheath typically, peripherally. The medial tendon
group is composed of the posterior tibial, ﬂexor digitorum longus, and ﬂexor hallucis longus tendons. Of
the three medial tendons, the posterior tibial tendon is
most commonly injured (Fig. 13-78). Type 1 tears are
incomplete with thickening and vertical slits. (The latter
appear as scattered areas of high signal intensity on T2weighted images.) Type 2 tears are partial tears with
areas of attenuation (thinning) of the tendon. Fluid surrounding the tendon can be due to tendinitis, peritendinitis, or tenosynovitis. The anterior tendons include
the anterior tibial, hallucis longus, and extensor digitorum longus tendons. Injury of the anterior tibial tendon is not uncommon in runners.
Ligament injuries, like tendon injuries, can be well
depicted by MRI. As with the examination of smaller
tendons, thin-section imaging is critical. Care is needed
to exclude false-positive ﬁndings caused by partial volume imaging. MRI can accurately detect injuries in the
lateral and medial ligaments. Ligament injuries in the
ankle and foot resemble ligament injuries in other areas.
Grade 1 injuries have subtle increased signal intensity
and slight thickening. Grade 2 injuries involve about a
half thickness with more obvious signal changes and
thickening. Grade 3 injuries are complete tears with

high signal intensity on T2-weighted images between
the two fragments (Figs. 13-79 and 13-80).
The most common cause of plantar heel pain is plantar fasciitis. Repetitive microtrauma during heel strike
and prolonged pronation stresses lead to degeneration
and inﬂammation. MRI is superior to all other modalities for diagnosing this entity and excluding other
causes of posterior heel pain. T2-weighted images are
used for diagnosis, with demonstration of abnormal high
signal intensity in or adjacent to the plantar fascia. The
most common ﬁnding is perifascial edema, both superﬁcial and deep to the plantar fascia. The second most
common ﬁnding is marrow edema in the calcaneus at
the insertion site (Fig. 13-81).
The sinus tarsi or tarsal canal is the hollow formed
by the groove of the talus and calcaneus. The canal
contains fat, neurovascular structures, and several ligaments. The sinus tarsi syndrome is most commonly
caused by inversion injury. Patients present with lateral
foot pain and tenderness over the tarsal canal. Identiﬁcation of ligament injury is important if surgery is contemplated. On MRI, inﬂammatory soft tissue is seen
within the canal replacing fat, with low signal intensity
on T1- weighted images and high signal intensity on T2weighted images (Fig. 13-82). There may also be erosions of the adjacent bones.

MUSCULOSKELETAL TUMORS,
MARROW DISEASE, AND
INFECTION
MRI is commonly used to detect and evaluate bone and
soft tissue tumors, especially for preoperative planning.
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FIGURE 13–77. Peroneal tendon tear. Two separate
components (arrowheads) of a split peroneus brevis
tendon are apparent on T1- (A) and fat-suppressed T2weighted axial (B) images at the level of the lateral
malleolus. C, The edematous, split peroneous brevis
(arrowhead) is also well visualized on a fat-suppressed
T2-weighted sagittal view.
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FIGURE 13–78. Posterior tibial tendon tear (type 1). The posterior tibial tendon (arrow) is enlarged and edematous and contains a
longitudinal split on T1- (A) and fat-suppressed T2-weighted (B) axial images.

FIGURE 13–79. Anterior talofibular ligament tear. A fat-suppresed
T2-weighted image reveals a complete tear of the anterior
talofibular ligament from its talar insertion. The thickened and
retracted tendon (arrow) is clearly seen on this axial image.

FIGURE 13–80. Anterior talofibular ligament tear. Pronounced
lateral edema and soft tissue swelling (arrows) are apparent on a
fat-suppressed T2-weighted axial image demonstrating a
complete tear of the anterior talofibular ligament (arrowhead).
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FIGURE 13–81. Plantar fasciitis. The plantar fascia is thickened and edematous at its calcaneal insertion (arrow) on sagittal T1- (A) and
fat-suppressed T2-weighted (B) images demonstrating plantar fasciitis. Reactive marrow edema (short arrows) and a plantar calcaneal
spur (arrowhead) are also apparent on the T2-weighted image.

FIGURE 13–82. Sinus tarsi syndrome. Edema and soft
tissue thickening (arrow) are evident throughout the
tarsal sinus on T1-weighted sagittal (A), T1-weighted
axial (B), and fat-suppressed T2-weighted (C) axial
images from a patient with severe tarsal sinus
syndrome. The axial images also demonstrate a
markedly enlarged and degenerated-appearing
posterior tibial tendon (arrowhead), compatible with a
type 1 tear. This is a common associated finding in
patients with tarsal sinus syndrome.
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The multiplanar capability, excellent signal contrast between neoplastic and normal tissue, lack of artifacts
from dense bone, and absence of ionizing radiation are
desirable features. MRI is very sensitive for detecting
and deﬁning the extent of soft tissue and bone marrow
disease.

Anatomy and Technique
Normal bone marrow contains a large amount of fat
and, therefore, has intermediate or high signal intensity
on T1-weighted images depending on the marrow composition. The surrounding bone cortex has very low
black signal intensity on all pulse sequences. Most
pathologic lesions lead to replacement of marrow fat,
causing decreased signal intensity on T1-weighted images. Normal soft tissue, such as muscle, has intermediate to low signal intensity on T2-weighted scans. Most
pathologic soft tissue lesions have greater ﬂuid content,
producing increased signal intensity on T2-weighted images.
Spin echo pulse sequences are ideal for differentiating
normal bone marrow and soft tissue from pathologic
conditions. Short TR/time to echo (TE) (T1-weighted)
sequences emphasize the difference between normal and
abnormal marrow fat composition. Long TR/TE (T2weighted) sequences distinguish normal from abnormal
soft tissues. T1- and T2-weighted axial images through a
tumor best show the characteristics of the mass, speciﬁcally the signal intensity of the lesion, soft tissue extension, and cortical involvement. Sagittal or coronal T1weighted images are ideal for showing the extent of
bone marrow involvement and skip lesions. Sagittal and
coronal T2-weighted images can help in delineating the
cephalocaudad extent of soft tissue abnormalities.
MRI is the most sensitive imaging modality for detecting soft tissue and bone marrow lesions. Most osteolytic lesions have low signal intensity on T1-weighted
images and high signal intensity on T2-weighted images.
Tumors that produce bone or elicit a sclerotic response,

such as sclerotic osteosarcoma and blastic metastases,
often have low signal intensity on both T1- and T2weighted images. Low-signal-intensity tumors on T2weighted images tend to be ﬁbrotic and hypocellular.
Most soft tissue lesions have decreased signal intensity
on T1-weighted images and increased signal intensity on
T2-weighted images. The ability to distinguish between
malignant and benign soft tissue masses is limited, but
malignant lesions often have a more heterogeneous signal intensity. Despite these advantages, a major criticism
of MRI is its lack of lesion speciﬁcity.

Soft Tissue Masses
Several characteristic ﬁndings improve the diagnostic
speciﬁcity of MRI with soft tissue lesions. Lipomas have
increased signal intensity on T1-weighted images and
intermediate signal intensity on T2-weighted images,
paralleling normal fat. Well-differentiated liposarcomas
account for more than half of all liposarcomas. On MRI,
a well-differentiated liposarcoma will be seen as a predominantly fatty mass with irregular, thickened linear or
nodular septa. Although lipomas that are completely
homogeneous and fatlike in signal intensity can be distinguished from a well-differentiated liposarcoma on
MRI, overlap in imaging appearances does occur. (Some
lipoma variants may not be completely characteristic in
their appearance on MRI.) Myxoid liposarcomas, the
next most common type, often do not contain substantial amounts of fat and thus are easily distinguished on
MRI from a lipoma. When fat is present, it may be
linear, clumplike, or amorphous in appearance.
Hematomas have various signal intensities, depending
on the stage of hemoglobin degradation, and sequential
scans can show progression of clot resorption. Unlike
hematomas within the brain parenchyma, chronic soft
tissue hematomas have the signal characteristics of ﬂuid
and usually do not contain hemosiderin. Hemangiomas
(Fig. 13-83) and lymphangiomas are usually well circumscribed and have decreased signal intensity on T 1 -

FIGURE 13–83. Soft tissue hemangioma. A, On the T1-weighted coronal image, a soft tissue hemangioma (arrows) is difficult to visualize
because it remains relatively isointense to muscle. B, The hemangioma is much more readily apparent as a lobulated, hyperintense
lesion (arrows) on the fat-suppressed proton density-weighted coronal view.
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FIGURE 13–84. Plantar fibroma. A plantar fibroma presents as an area of nodular soft tissue thickening (arrow) on T1- (A) and fatsuppressed T2-weighted (B) sagittal images of the foot. Only mild hyperintensity is apparent on the T2-weighted exam, a typical
appearance in cases of plantar fibroma.

weighted images and very high signal intensity on T2weighted images.
Neuroﬁbromas may have mildly increased signal intensity on T1-weighted images and markedly increased
signal intensity on T2-weighted images, often with a
central area of decreased signal intensity resulting from
dense ﬁbrous tissue condensations. Aggressive ﬁbromatosis is a rare soft tissue lesion that usually has low
signal intensity on T1- and T2-weighted images because
of dense ﬁbrous tissue. Depending on the degree of
cellularity, aggressive ﬁbromatosis may have high signal
on T2-weighted images. Benign soft tissue cysts are
typically well deﬁned, with homogeneous signal intensity equal to or less than muscle on T1-weighted images
and hyperintense on T2-weighted images. Proteinaceous
cysts have increased signal intensity on both T1- and
T2-weighted scans.
Fibrous lesions span the spectrum from benign (such
as a ﬁbroma [Fig. 13-84], or fasciitis) to malignant (ﬁbrosarcoma). Fibromatosis is an entity that is intermediate in biological behavior; such lesions are characterized
by proliferation of benign ﬁbrous tissue. The ﬁbromatoses are classiﬁed by anatomic location as superﬁcial
or deep. Plantar ﬁbromatosis is within the superﬁcial
group. Superﬁcial ﬁbromatoses are in general small,
slow-growing lesions. The MRI appearance of plantar
ﬁbromatosis is relatively characteristic, being isointense
to muscle on T1-weighted images and slightly hyperintense to muscle on T2-weighted spin echo images.
Malignant ﬁbrous histiocytoma is the most common
malignant soft tissue tumor of adults. Presentation is
usually in the sixth to eight decades, with location in
the extremities or retroperitoneum. The typical clinical
presentation is that of a painless, rapidly growing mass.
Treatment is by radical resection; however, recurrence
and metastasis to the lungs are frequent. The tumor is
locally inﬁltrative and carries a poor prognosis. The
MRI characteristics are nonspeciﬁc other than the inﬁltrative nature (Fig. 13-85). Intravenous contrast administration can be used to improve delineation of tumor
margins.
The most common soft tissue tumor of children
younger than 15 years is rhabdomyosarcoma (Fig. 1386). This tumor can also be seen in older adolescents

and young adults. It is a malignant lesion and can metastasize to lymph nodes. Treatment is by radical resection
and chemotherapy. On MRI, rhabdomyosarcomas have
heterogeneous low signal intensity on T1-weighted images and high signal intensity on T2-weighted images.
Inﬁltrating margins and peritumoral edema are also
seen, similar to other malignant soft tissue tumors, including malignant ﬁbrous histiocytoma. The role of
MRI, as with other soft tissue lesions, is to determine
the extent of involvement and response to therapy or
recurrence.

Bone Tumors
The hallmark of a benign bone tumor on MRI is a welldeﬁned peripheral margin of decreased signal intensity
on all pulse sequences, separating the lesion from the
adjacent normal marrow. Some speciﬁc ﬁndings for bone
tumors have been published. Hyaline cartilage matrix
lesions, including enchondromas (Fig. 13-87), osteochondromas, and most chondrosarcomas (Figs. 13-88
and 13-89) may have a unique appearance on T 2 weighted scans. Various sizes of lobules of homogeneous
increased signal intensity separated by thin, low-intensity septa are characteristic of these lesions. The septated
appearance and homogeneity of the signal intensity
allow differentiation of hyaline cartilage lesions from
most other masses with increased signal intensity on T2weighted images.
Fibroxanthomas typically have predominantly decreased signal intensity on T1- and T2-weighted images
because of hemosiderin pigment or increased amounts
of collagen. Osteoid osteoma classically has low signal
intensity in the nidus of the lesion on T1- and T2weighted scans, with a surrounding area of increased
signal intensity (edema) on T2-weighted scans (Figs. 1390 and 13-91). Osteochondromas show continuity of the
cortex of the lesion with the parent bone and of the
parent medullary cavity with the lesion. A bright signal
intensity cartilage cap can be demonstrated on T 2 weighted images. As a general rule, the thicker the
cartilage cap, the more likely it is that the lesion has
undergone malignant change. Most cartilage caps less
Text continued on page 445
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FIGURE 13–85. Malignant fibrous histiocytoma. This
patient presented with volar wrist swelling and pain
years after a carpal tunnel release. A, Numerous carpal
erosions (arrows) are noted on the T1-weighted coronal
image. T1-weighted axial (B) and T2*-weighted coronal
(C) images reveal a lobulated signal abnormality
(arrows) surrounding the flexor tendons. The
abnormality extends through the defect (B, arrowheads)
from the patient’s prior retinacular release. At surgery, a
diagnosis of malignant fibrous histiocytoma was
confirmed.
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FIGURE 13–86. A, A rhabdomyosarcoma (arrows) arising within plantar musculature deep to the anterior aspect of the plantar fascia
appears isointense to muscle on the T1-weighted sagittal image. B, The lesion demonstrates intermediate signal intensity on the T2weighted coronal view. C, Peripheral enhancement is seen within the lesion on the postcontrast T1-weighted sagittal image. D, A
postcontrast T1-weighted coronal view obtained with fat suppression reveals a more intense and prominent pattern of enhancement
within the tumor.
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FIGURE 13–87. Enchondroma. An enchondroma of the
distal femur (arrow) is clearly seen on T1-weighted
coronal (A), fat-suppressed T2-weighted coronal (B), and
fat-suppressed proton density-weighted axial (C)
images. These lesions are typically intramedullary,
lobulated, and markedly hyperintense on T2-weighted
images.

MUSCULOSKELETAL SYSTEM

FIGURE 13–88. Chondrosarcoma (humerus). A, A lytic
lesion (arrows) and pathologic fracture are present on
the anteroposterior plain film of the left humerus. T1- (B)
and fat-suppressed proton density-weighted (C) coronal
images reveal a large soft tissue mass (arrowheads)
causing bony destruction in this region. The pathologic
diagnosis in this case was chondrosarcoma.
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FIGURE 13–89. Chondrosarcoma (acetabulum). An
expansile, destructive chondrosarcoma of the left
acetabulum (arrows) is readily apparent on T1-weighted
coronal (A), fat-suppressed T2-weighted coronal (B), and
fat-suppressed proton density-weighted axial (C) images
of the pelvis.

MUSCULOSKELETAL SYSTEM

443

FIGURE 13–90. A, An osteoid osteoma involving the proximal phalanx of the great toe presents as a lytic lesion with a sclerotic nidus
(arrow) on a lateral plain film. B, The lesion (arrow) is clearly visualized on a T1-weighted sagittal image. The low-signal-intensity central
nidus (arrow) with surrounding marrow edema is clearly seen on fat-suppressed T2-weighted sagittal (C) and proton density weighted (D)
coronal views.
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FIGURE 13–91. The central nidus (arrow) of an osteoid
osteoma of the tibia is apparent on fat-suppressed
proton density-weighted coronal (A) and T1-weighted
axial (B) images of the proximal tibia. C, Periosteal
elevation (arrowhead) and surrounding bone marrow
and soft tissue edema are better seen on the fatsuppressed T2-weighted axial view.
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than 3 mm thick are benign. A dark-rimmed perichondrium can be seen around the cartilage cap. It is important to delineate this preoperatively because incomplete removal of the perichondrium can allow tumor
regrowth postoperatively.
Aneurysmal bone cysts (Fig. 13-92) and giant cell
tumors (Fig. 13-93) frequently have increased signal
intensity on T1-weighted images as a result of central
areas of hemorrhage. On T2-weighted images, these
lesions have increased signal intensity and may contain
ﬂuid-ﬂuid levels. Vertebral hemangiomas have a unique
MRI appearance, with mottled, rounded areas of increased signal intensity on T1-weighted and T2-weighted
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scans interspersed with areas of decreased signal intensity. The increased signal intensity on T1-weighted images represents fatty components of the lesion. Despite
these speciﬁc ﬁndings, plain ﬁlms continue to play an
important role in the differential diagnosis of most
bone tumors.
Chondroblastoma, an uncommon primary cartilage
tumor, occurs in adolescents and young adults. This
lesion arises in the ends of long bones; half occur around
the knee. On radiographs, the lesion is round to oval
with well-deﬁned margins and often a sclerotic rim.
Chondroblastomas have a lobulated appearance, with
signal intensity similar to that of fat on T2-weighted

FIGURE 13–92. Aneurysmal bone cyst. A, An expansile, lytic lesion of the distal fibular metaphysis (arrows) is present on an
anteroposterior plain film of the ankle. The lesion (arrow) displays fluid signal intensity characteristics on proton density-weighted (B) and
fat-suppressed T2-weighted (C) axial images. D, Pockets of hemorrhagic fluid, with fluid-fluid levels (arrowheads), within this
multiloculated lesion are more readily apparent on the fat-suppressed T2-weighted sagittal image.
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FIGURE 13–93. Giant cell tumor. A, A lytic, expansile lesion (arrows) extending from the metaphysis into the epiphysis is seen on the
anteroposterior plain film from this patient beyond the age of epiphyseal closure. The abnormality is hemorrhagic (arrows) and
multicystic in appearance on fat-suppressed T2-weighted coronal (B), T1-weighted coronal (C), fat-suppressed proton density-weighted
axial (D) images. A fluid-fluid level (arrowhead) is also apparent on the axial image. Tissue pathology (after surgery) revealed this lesion
to be a giant cell tumor.
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FIGURE 13–94. Chondroblastoma. A, A lytic lesion
(arrow) confined to the epiphysis is present on a plain
radiograph of the left hip. B, The lesion (arrow)
demonstrates intermediate signal intensity on a T1weighted coronal image. C, On the fat-suppressed T2weighted coronal image, the abnormality (arrow) is
markedly hyperintense and remains well defined.
Surrounding marrow edema and a reactive joint effusion
are also evident on the T2-weighted scan. The
epiphyseal location and the signal characteristics
similar to cartilage are typical for a chondroblastoma,
the pathologic diagnosis in this case.

images and isointense to muscle on T1-weighted images
(Fig. 13- 94). The appearance on T2-weighted images is
often heterogeneous, with scattered areas of increased
signal intensity resulting from small foci of hemorrhage
or hyaline cartilage.
Osteosarcoma (or osteogenic sarcoma) is the second
most common primary tumor of bone with plasma cell
myeloma the most frequent. Histologically, the tumor
contains cells that produce osteoid and immature bone.
The MRI appearance depends on the predominant cellular component (Fig. 13-95).

As with MRI in other areas of the body, imaging
ﬁndings may be characteristic for the pathologic diagnosis (Fig. 13-96) or very nonspeciﬁc (Fig. 13-97). Benign
lesions can generally be differentiated from malignant.
The primary use of MRI in bone tumors is for staging.
MRI is superior to other imaging modalities in determining intramedullary tumor extent. MRI also detects the skip lesions that occur with bone sarcomas. T1weighted coronal or sagittal images are often best for
showing the intramedullary tumor extent. Assessment of
invasion or breakthrough of the bony cortex is important

FIGURE 13–95. Osteogenic sarcoma. Abnormal marrow replacement (arrows) and a bulky extraosseous soft tissue mass (arrowheads)
are present on T1-weighted (A) and fat-suppressed T2-weighted (B) axial images from a case of osteogenic sarcoma involving the medial
right iliac wing. In this case, the osteogenic sarcoma arose from a site of preexisting Paget’s disease, which is suggested by the cortical
thickening and low signal intensity within the right iliac wing on the T1-weighted image.
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FIGURE 13–96. Calcaneal lipoma. A cyst-appearing central zone (arrow) with a surrounding fat signal intensity region (arrowheads) is
noted on T1-weighted sagittal (A) and T2-weighted axial (B) images demonstrating a calcaneal lipoma. Intraosseous lipomas such as this
often have cystic components, unlike their soft tissue counterparts, which are typically homogeneously fatty.

FIGURE 13–97. Primary lymphoma. A, A permeative lytic lesion (arrow) is noted within the distal tibia on the anteroposterior radiograph.
Proton density-weighted (B) and short TI inversion recovery (C) coronal images confirm the presence of a large lesion with marrow
replacement (arrowheads) and surrounding marrow edema.
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preoperatively. Bone cortex invasion manifests as slightly
increased signal intensity compared with the normal
signal void of cortical bone on proton density- and T2weighted images. Gross cortical destruction produces
interruption of the normal cortical signal void.
MRI is superior to other imaging modalities in detecting and demonstrating the extent of soft tissue
involvement. The local soft tissue extension of tumor
is best seen on T2-weighted axial images. Gadolinium
chelates using intravenous contrast administration enhance viable tumor, further improving tumor conspicuity and visualization of the extent of soft tissue involvement on T1-weighted images. MRI may also permit
differentiation of soft tissue tumor extension from reactive edema in the muscles. Both of these conditions
present as increased signal intensity in the muscle adjacent to a tumor on T2-weighted scans. If the tumor
is well demarcated from the adjacent increased signal
intensity in the muscle, the muscle signal is most likely
caused by edema. If the distinction between the muscle
and the mass is poor, it more likely represents tumor
invasion. Contrast enhancement can also improve differentiation of tumor from edema, although edematous
muscle does enhance.
MRI is superior to other imaging modalities in detecting joint involvement and neurovascular encasement,
obstruction, and displacement. MRI can obviate the
need for angiography by offering sufﬁcient information
about vascular involvement. One downfall of MRI is the
poor detection of calciﬁcations and ossiﬁcation of tumor
matrix, which limits the speciﬁcity of the technique.
Thin, bony rims and subtle cortical breaks may not be
seen with MRI.

Postoperative Tumor Detection
MRI can be valuable for assessing the success of bone
tumor surgery and for evaluating postoperative masses;
MRI is also useful for evaluating the response of tumors
to chemotherapy. A satisfactory chemotherapeutic response is seen as decreased tumor volume; decreased
signal intensity on T2-weighted images as a result of
dehydration of the tumor, calciﬁcation, or ﬁbrosis; or
marked increased signal intensity on T2-weighted images as a result of necrosis or hemorrhage. An unsatisfactory response manifests as stable signal intensity and
tumor volume or as increased tumor volume.

Bone Marrow Disease
Normal bone marrow is composed of red marrow, which
is hematologically active, and yellow (fatty) marrow,
which is hematologically inactive. Fatty marrow has increased signal intensity on T1-weighted spin echo images and intermediate signal intensity on T2-weighted
images. Red marrow MRI signal characteristics are
formed by a combination of lipid and water. The T1weighted signal intensity of red marrow is less than that
of yellow marrow.
During growth, there is continual conversion of red
to yellow marrow. At birth, almost the entire marrow
space contains red marrow. Conversion to yellow marrow begins in the appendicular skeleton. An adult pat-
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tern is reached by 25 or 30 years of age. The normal
adult pattern has red marrow in the axial skeleton (skull,
vertebrae, ribs, sternum, and pelvis) and in the proximal
appendicular skeleton (proximal femur and humerus).
Epiphyses and apophyses contain fatty marrow, even in
infants. Slow, progressive conversion of red to yellow
marrow continues throughout adulthood. This is most
noticeable in the vertebral bodies in which focal fatty
conversion is a common ﬁnding with increasing age.
Several speciﬁc MRI techniques exist for evaluating
the marrow. STIR is a form of inversion recovery that
obliterates the signal from yellow fatty marrow. Pathologic lesions can be readily detected in fatty marrow as
bright areas. Limitations of STIR are poor anatomic
deﬁnition and SNR. Fast STIR has replaced conventional STIR sequences, much as fast spin echo has replaced spin echo imaging for T2-weighted scans. Although fast STIR is markedly superior to its predecessor,
images still generally suffer from poor SNR. Chemical
shift imaging is another technique that can enhance the
differences among fatty marrow, hematopoietic marrow,
and abnormal marrow by forming ‘‘fat minus water’’
images or exclusively fat or water images.
When using spin echo pulse sequences, the differentiation of fatty marrow, hematopoietic marrow, and pathologic marrow depends on detecting the fat content in
the marrow. Highly T1-weighted images, which ideally
show fat, are essential. The shorter the TR, the better
the T1-weighted contrast will be. Images should therefore be acquired with TR less than 500 msec.
Pathologic processes involving the bone marrow replace normal marrow fat cells and produce decreased
signal intensity on T1-weighted spin echo images. MRI
is very sensitive to bone marrow inﬁltration, but it is
nonspeciﬁc. Lymphoma, leukemia, myeloﬁbrosis, metastatic disease, multiple myeloma, Gaucher’s disease, and
severe anemias can present similarly as focal or diffuse
areas of decreased signal intensity in the bone marrow
on T1-weighted images. MRI can distinguish between
hypercellular and ﬁbrotic marrow. Marked increased signal intensity in the bone marrow on T1-weighted images, resulting from fatty replacement, can be seen with
aplastic anemia and after radiation therapy.

Osteomyelitis
The diagnosis of osteomyelitis is a clinical dilemma.
Radionuclide bone scans are the primary imaging modality for diagnosing osteomyelitis, but they have poor
spatial resolution and require hours to be completed.
MRI is a useful adjunctive imaging modality that is
very sensitive to osteomyelitis (Figs. 13-98 and 13-99).
Osteomyelitis appears as decreased signal intensity on
T1-weighted scans and increased signal intensity on T2weighted scans. Enhancement after intravenous gadolinium chelate administration is prominent. The speciﬁcity
of MRI is poor in the absence of clinical information
and does not allow differentiation from other conditions,
such as neoplasm or trauma. Osteomyelitis tends to
be less well deﬁned than tumors. MRI is useful for
determining the extent of bone and soft tissue involvement (Fig. 13-100).
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FIGURE 13–98. Osteomyelitis (ankle). A, A skin defect
(arrow) is seen on a fat-suppressed T2-weighted coronal
image from a diabetic with a nonhealing ulceration at
the medial malleolus. Underlying marrow edema
(arrowheads) is apparent on this image and on the
corresponding fat-suppressed T2-weighted axial image
(B). The marrow edema indicates osteomyelitis. C, The
infected bone is seen to enhance (short arrows) on the
fat-suppressed T1-weighted axial image obtained after
administration of a gadolinium chelate.
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FIGURE 13–99. Osteomyelitis (foot). T1- (A) and fat-suppressed T2weighted (B) axial images reveal marrow edema and bony
destruction (arrow) at the fifth metatarsal. Soft tissue edema
(arrowheads), most apparent on the fat-suppressed T2-weighted
axial image, is compatible with associated cellulitis. C, Intense
enhancement (short arrows) is noted on the postcontrast fatsuppressed T1-weighted axial view.
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FIGURE 13–100. Chronic osteomyelitis was
diagnosed in this patient years after a
fracture of the proximal humerus.
Intraosseous (arrow) and soft tissue
(arrowheads) abscess formation are
apparent on the T1-weighted axial (A), T1weighted coronal (B), and T2-weighted axial
(C) images.
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FIGURE 13–101. Distal tibial stress fracture. A linear signal abnormality (arrow) oriented perpendicular to the cortex is seen on fatsuppressed proton density-weighted coronal (A) and T1-weighted sagittal (B) images. Surrounding marrow edema is evident on the fatsuppressed examination.

Stress Fracture
Stress fractures are most often caused by repeated minor
trauma and present with focal pain. They are usually
located in the metaphysis or diaphysis of long bones.
Radiographs are notoriously poor for diagnosing stress
fractures. Radionuclide bone scans are very sensitive for
detecting stress fractures but are nonspeciﬁc. MRI is at
least as sensitive as radionuclide bone scans but much
more speciﬁc for diagnosing stress fractures.

MRI ﬁndings of stress fracture are a thin band of very
low signal intensity in the bone marrow, which extends
to the cortical surface and is seen on both T1- and T2weighted images (Fig. 13-101). This represents microfracture or bone sclerosis. A larger surrounding area of
relatively decreased signal intensity is also seen in the
bone marrow on T1-weighted images. On T2-weighted
images, there is an area of increased signal intensity in
the marrow around the thin band of low signal. This
represents hemorrhage or edema.

