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elevated signal intensity within the nerve on T2-weighted images,
presumably from compression-induced edema.45,48,49 Swelling of the
median nerve is often seen proximal to the level of the carpal tunnel at
the level of the pisiform and distal radioulnar joint.
With long-standing carpal tunnel syndrome, the nerve may be low
signal intensity on all imaging sequences, presumably due to fibrosis.
Thenar muscle atrophy and thickening of the flexor retinaculum have
also been observed. Occasionally, muscles can demonstrate hypertrophy within the carpal tunnel, particularly the lumbricals, which lie
distally and originate from the flexor digitorum profundus tendons.
Masses in or around the carpal tunnel are also causes of carpal tunnel
syndrome. Fibrolipomatous hamartoma of the median nerve, another
cause of carpal tunnel syndrome, has a classic coaxial cable-like
appearance on MRI with a characteristic lipid signal intensity.50
Following successful carpal tunnel release, the flexor retinaculum
and contents of the carpal tunnel are displaced volarly.51 MR imaging
can be used following surgical decompression for patients who are
symptomatic to assess for causes such as incomplete retinacular release
or reattachment, scarring in the region of the carpal tunnel, neuritis of
the median nerve, or development of a neuroma, which can occur
when the median nerve is inadvertently cut.45,52
• Guyon’s canal syndrome. MR imaging can reliably demonstrate
the area of Guyon’s canal.53 It is in this fascial tunnel that the ulnar
nerve enters the palm from the forearm and extends distally from the
level of the pisiform where it divides into two sensory branches as well
as the deep motor branch. The deep motor branch of the ulnar nerve is
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thinner and weaker trapezoidal volar portion. The
triangular central proximal portion is the weakest
region, and it is frequently affected by degenerative
perforation. The fibrocartilaginous dorsal and central
portions of the ligament have lower signal intensity
than the volar margin, where there is a higher
concentration of loose connective tissue.
The LTL can be linear or delta-shaped, but its
shape may be amorphous.3 It is also separated into
volar, central, and dorsal zones. The LTL is consis◆ LIGAMENTOUS DISRUPTION AND
tently identified on MRI.
CARPAL INSTABILITY
On high-resolution
images, ligamentous pathDisruption can be iden ology may manifest as fluid
tified using MR in both
signal or contrast material
inter carpal and extrinsic
traversing the ligament
ligaments.
(perforation) or morph • Proximal intercarpal
ologic distortion. The ligaliga ments. The scapho ment may be irregular on
lunate (SLL) and luno one surface, consistent with
triquetral (LTL) ligaments
fraying or partial tear. This
are important for carpal
is more common on the
stability. These ligaments
bridge the dorsal, proximal, Figure 1. Lunotriquetral ligament tear. Coronal gradient-echo MR volar portion of the SLL.
and volar aspects of the image shows absence of the lunotriquetral ligament (arrow) with Scar tissue may produce an
high-signal-intensity fluid filling in the gap between lunate and
irregular or lax ligament.
proximal carpus, and path- triquetrum. Note intact scapholunate ligament (circle).
Rarely, the torn liga ment
ologic changes in them can
may be completely absent (Figure 1). SLL lesions are
produce carpal instability and wrist pain. MR
seen on MRI with sensitivity ranging from 50% to
arthrography or conventional arthrography aids in
93%.4 Lesions of the LTL are less common than SLL
identification of the site of ab normality and can
characterize the lesion. 1,2 This information can be
tears and more difficult to identify. Sensitivity for
LTL defects ranges from 40% to 100%, while speused for therapeutic decision making. Symptomatic
cificity ranges from 33% to 100%.4
tears are treated with debridement or repair.
The SLL is a horseshoe-shaped ligament that is
MRI must be carefully correlated with clinical
composed of a strong bandlike dorsal zone and a
symp toms, as perfor ations are part of the aging
R imaging aids evaluation of a number of
abnormalities of the bones, ligaments, and
soft tissues in the wrist. These include
ligamentous disruption, disorders of the triangular
fibrocartilage, ulnar impaction syndrome, damage to
articular cartilage, distal radioulnar joint instability,
fracture, avascular necrosis, ten dinopathy, nerve
entrapment syndromes, synovial abnormalities, and
soft-tissue masses.
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Upon completion of this article,
readers should be able to:

• Identify pathology of the
scapholunate and lunotriquetral ligaments, extrinsic
ligaments, and triangular
fibrocartilage on MR
imaging.

• Describe the features of
ulnocarpal impaction
syndrome.

• Recognize the presentations
of marrow abnormalities
such as occult fractures
and avascular necrosis in
the wrist.

• Summarize disorders
of the tendons and nerves
of the wrist.
Dr. Steinbach is Professor of Clinical
Radiology and Orthopedic Surgery and
Chief of Musculoskeletal Imaging at the
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Figure 2. Triangular fibrocartilage perforation. There is a highsignal-intensity perforation in the triangular fibrocartilage 1 to
2 mm from the radial attachment (arrow) on a coronal fatsuppressed T1-weighted MR arthrographic image.

Figure 3. Ulnocarpal impaction syndrome. The ulna is longer
than the radius, resulting in a perforation of the triangular
fibrocartilage (arrow) and a small cyst in the proximal radial
aspect of the triquetrum. Findings are related to friction of the
ulnar head against carpal bones.

Figure 4. Kienböck’s disease. There is almost complete
replacement of the high-signal-intensity fatty marrow with low
signal intensity related to avascular necrosis of the lunate on
this coronal T1-weighted image. Note the short ulna (negative
ulnar variance) often seen in these cases.

Figure 5. Tenosynovitis. Axial T2-weighted MR image of wrist
at level of the pisiform displays distention of tendon sheaths
around extensor digitorum tendons (white arrow) as well as in
carpal tunnel (black arrow).
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process and may not produce any symptoms
or instability.3,5,6 Perforations along the lunate
and dorsal margins of the SLL may be more
symp tomatic, because the stronger dense
connective tissue is less susceptible to degeneration in those regions.6
• Extrinsic ligaments. MRI may provide an
alternative to wrist arthroscopy for evaluation
of extrinsic ligament injury. Most of the
extrinsic ligaments abut the wrist capsule and
are subclassified by their anatomic location:
dorsal or volar. MRI can demonstrate these
ligaments using thin-section high-resolution
and high-contrast sequences.5,7,8 Signs of an
abnormal ligament on MRI include increased
signal intensity on T2 weighting, a segmental
defect, increased length, thickening, thinning,
and nonvisualization. 8 These abnormalities
may be difficult to detect. Both volar and dorsal extrinsic ligaments are usually symmetric
between the right and left sides, and therefore,
images of the contralateral wrist can be used
for comparison purposes in equivocal cases.
Some researchers are promoting MR
arthrography for evaluation of the extrinsic
ligaments.9-11

◆ DISORDERS OF TRIANGULAR
FIBROCARTILAGE
The triangular fibrocartilage is an important
structure that cushions the ulnocarpal articulation and stabilizes the distal radioulnar
joint. Tears of this structure can result in ulnar
wrist pain. Diagnostic imaging is usually performed in patients with ulnar-sided wrist pain,
because clinical examination may not give a
precise diagnosis.
The triangular fi brocartilage frequently
undergoes degeneration, which is often asymptomatic and has been demonstrated on histologic
studies with increasing prevalence in older
individuals.12 Degeneration tends to be more
severe on the proximal surface due to more
intensive biomechanical forces on this surface.12,13
Progressive degeneration of the proximal surface
leads to erosion, thinning, and perforation of the
triangular fibrocartilage. Degenerative perforations are more common in the thinner central
portion of the triangular fibrocartilage.
The triangular fibrocartilage is a lowsignal-intensity bow-tie-like structure that
extends radially from the dorsal ulnar aspect
of the lunate fossa where it attaches to the
intermediate- to high-signal-intensity hyaline
articular cartilage of the radius. The ulnar
attachments of the triangular fibrocartilage are
to the fovea at the base of the radial aspect of
the ulnar styloid and to the distal tip of the
ulnar styloid process.
Perforations of the triangular fibrocartilage
can be degen erative and asymp tomatic or
post-traumatic and painful. Perforations
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demonstrate high-signal-intensity fluid within
them on proton density and T2-weighted MR
images. Arthrography will show contrast
extension between the radiocarpal joint and
the distal radioulnar joint (Figure 2). Some
tears are partial and may extend only to the
superior or inferior surface. When the tear
includes a full-thick ness perforation of the
triangular fibrocartilage, fluid is usually
present in the distal radioulnar joint.14 This
fluid, however, is not specific for triangular
fibrocartilage perforation and can be seen in
patients with synovitis or mechanical irritation
of this joint.
Potter has shown that high-resolution MR
has a sensitivity of 100%, specificity of 90%,
and accur acy of 97% with arthroscopic
correlation.15 Oneson et al reported that sensitivity for de tecting central degenerative
perforation was 91% for two observers and
100% and 86% for radial slitlike tears with the
same two observers.16 Haims pointed out the
lim itations of MRI for the diagnosis of
peripheral tears of the triangular fibrocartilage, with a 17% sensitivity, 79% specificity,
and 64% accuracy.17 Yoshioka has shown the
value of high-resolution MR microscopy in
evaluation of the triangular fibrocartilage.18
Arthrography is also useful for evaluation of
this structure, 9,19 and it has potential to
demonstrate the more difficult to detect
peripheral tear.

◆ ULNAR IMPACTION SYNDROME
The distribution of forces transmitted across
the wrist through the radius and ulna is
related to the relative lengths of the radius and
ulna. In some patients, the ulna is relatively
longer than the radius (ulnar positive
variance), and this results in im paction or
abutment of the ulnar head with the lunate
during ulnar deviation of the wrist.
The MR features of this clinical entity
include ulnar positive variance, subchondral
sclerosis or cyst formation of proximal/ulnar
aspect of the lunate and/or ulnar head, and
tears or perforations of the triangular fibrocartilage and lunotriquetral ligament (Figure
3). 20-23 MR imaging is able to detect focal
defects or signal abnormalities of the articular
cartilage of the lunate or ulnar head.24

◆ CARTILAGE
MRI has the potential to demonstrate cartilage
injury to the radius, ulnar head, and carpus.
Cartilage lesions can result from trauma or
arthritis and are often painful. The lunate and
distal radius are common sites of cartilage
loss. The presence of a hamatolunate facet (an
articulation between the hamate and lunate)
increases the probability of cartilage damage
in the proximal pole of the hamate. 25 Fast

spin-echo and fat-suppressed 3D gradientecho imaging have been recommended for
this evaluation. Historically, MR imaging of
the wrist using these sequences has not been
shown to be particularly sensitive, specific, or
accurate for diagnosing cartilage defects,26 but
there is excitement about the use of high field
3T MR systems, MR microscopy, and new
pulse sequences that increase contrast and
spatial resolution to improve evaluation of the
cartilage. High resolution MR with the use of a
microscopy coil has been shown useful in the
correlation of ulnar variance with ulnar side
structures. 27 High-field and ultra-high-field
MR systems are becoming more available in
community practice. Improved visualization
of the interosseus ligaments and the triangular
fibrocartilage complex is described at 3 Tesla
due to increased signal-to-noise ratio as a
result of higher spatial resolution. 28-30 One
recent study found 100% specificity for
detection of tears at 3T.31

◆ FRACTURE
MR imaging can be used for detecting subtle
or occult fractures in selected problem
cases. 32,33 It can also rule out fractures in a
much larger proportion of patients who would
otherwise receive unnecessary immobilization
and follow-up examinations. MRI can be used
when a patient who has been immobilized for
a week or two has normal radi ographs but
persistent pain. In that setting, MR may be
useful to distinguish occult fractures that will
eventually heal from other entities such as
Kienböck’s disease, which may present with
similar features.
An acute fracture is recognizable using MR
by the marrow edema (low signal on T1weighted images and high signal on T2weighted images) surrounding the fracture line
(linear low signal on all sequences). Stress
fractures can also be identified using MR
imaging, but these are uncommon in the wrist.34

◆ AVASCULAR NECROSIS
MR imaging is useful for identifying early
carpal bone avascular necrosis (AVN) during
the evaluation of a patient with wrist pain of
unknown etiology.35 Radiographs are usually
normal at this stage, and the diagnosis of
carpal bone AVN at the time of MR examination is frequently a surprise.
Early diagnosis using MR imaging is impor tant and useful because most surgical
treatments are suc cessful only if they are
performed before the involved bone collapses.
Correlation of abnormal marrow sig nal
intensity with the clin ical picture increases
specificity for AVN, as other processes such as
trauma and infection can have MR features
similar to AVN. The MR features of carpal
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bone AVN include replacement of normal
fatty marrow with low signal intensity on
T1WI and high signal intensity on T2WI or
low signal intensity on both T1WI and T2WI.
AVN has been reported in 16% of patients
with scaphoid nonunion. 36 If the proximal
pole fragment has been devascularized, it is
less able to support fracture healing or
incorporation of a bone graft.37 The surgeon
can test for blood flow intraoperatively, but
most surgeons prefer to know the vascular
status of the proximal pole in advance to
optimize preoperative planning.
Unfortunately, even radiographs cannot
guarantee the presence of AVN. Sclerosis of
the proximal pole of the scaphoid on radiographs does not always indicate AVN. Bone
scintigraphy is nonspecific for AVN. It has
been shown that the use of intravenous gadolinium increases reliability for determining
the presence of scaphoid AVN in the setting of
scaphoid nonunion. Most instances of AVN
will not show gadolinium uptake, but this is
not always true.36 Cerezal showed increase in
sensitivity, specificity, and accuracy (66%,
88%, and 83%, respectively) following intravenous gadolinium when compared with
routine MRI.38
• Kienböck’s disease. Also known as lunatomalacia, Kienböck’s disease refers to
avascular necrosis of the lunate. It is most
common in men 20 to 40 years of age. The
etiology is uncertain, although it has been
suggested that chronic low-grade trauma is the
most important factor. Kienböck’s disease is
often seen in wrists with negative ulnar
variance, where the ulna lies proximal to the
distal radius. This configuration is believed to
increase shear stress on the lunate, resulting in
microfracture and necrosis.39
MR imaging has been able to demonstrate
all stages of Kienböck’s disease, although it is
most useful for diagnosing early disease when
radiographs are normal.40 In these cases, the
patient is usually referred with central wrist
pain and negative radiographs. The marrow is
low in signal intensity on T1 weighting and
may have areas of high T2 signal intensity
(marrow edema or neovascularity) and/or
areas of low T2 signal intensity, depending on
the stage of the disease (Figure 4).40,41
Follow-up MR images are useful to monitor treatment of patients with abnormal signal
intensity in the lunate suspicious for AVN or
bone mar row edema syndrome. Following
successful immobilization, the marrow signal
intensity may return to normal.40

◆ TENDINOPATHY
The extensor tendons of the wrist are divided
into six compartments that overlie the carpal
bones and interosseous ligaments along the
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dorsal aspect of the wrist. Abnormalities of the
extensor tendons are well seen on MR
imaging. They may present with fluid in the
tendon sheath (tenosynovitis) (Figure 5),
thickening of the tendon and/or abnormal
elevation of signal intensity within the tendon
on T1- and/or T2-weighted images (tendinopathy), or complete disruption of the tendon.
Tenosynovitis in the first extensor compartment is easily identified with the aid of
MRI in patients with de Quervain’s disease.42,43
This form of tenosynovitis is more common in
middle-aged women and may be present
bilaterally in 30% of that population. MRI is
useful for distinguishing de Quervain’s
tenosynovitis from other disorders that cause
dorsal radial wrist pain.
MR imaging shows the extent of tendon
rupture in the wrist and hand, a condition that
may be difficult to diagnose clinically.44 This
information can also be used for planning of
tendon repair, relocation, or transfer. Complete
tendon ruptures present as a loss of continuity
in the low-signal tendon. Incomplete ruptures
or chronic tears are depicted by MR imaging as
irregular thickening or thinning of the tendon,
which may contain areas of high signal
intensity on T2-weighted images. Postoperative
adhesions and scar tissue around a tendon can
lead to functional impairment. MR imaging
can demonstrate the low-signal-intensity scar
tissue around the tendon.

◆ NERVE ENTRAPMENT SYNDROMES
Nerve entrapment may occur in the carpal
tunnel or Guyon’s canal in the wrist area.
• Carpal tunnel syndrome. The anatomic
causes of median nerve compression in the
carpal tunnel can be assessed by MRI,45-48 but it
is not always abnormal in patients with carpal
tunnel syndrome. MR imaging of carpal
tunnel syndrome has several current clinical
applications: equivocal cases when the electromyogram does not correlate with clinical
symptoms; identification of the etiology such
as an intrinsic or extrinsic mass, which may
obviate the need for flexor retinaculum release; preoperative assessment of the position
of the median nerve in patients who are
scheduled for endoscopic retinacular release;
and postoperative assessment of patients
whose symptoms recur following surgery.
In cases of tenosynovitis in the carpal
tunnel, MR images demonstrate distention of
the tendon sheaths (Figure 5). In acute
tenosynovitis, fluid is seen within the tendon
sheaths on MRI. Other abnormalities that can
be identified by MR imaging in patients with
carpal tunnel syndrome include palmar bowing of the flexor retinaculum (best identified
at the level of the hamate); swelling, flattening,
or attenuation of the median nerve; and
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Figure 2. Triangular fibrocartilage perforation. There is a highsignal-intensity perforation in the triangular fibrocartilage 1 to
2 mm from the radial attachment (arrow) on a coronal fatsuppressed T1-weighted MR arthrographic image.

Figure 3. Ulnocarpal impaction syndrome. The ulna is longer
than the radius, resulting in a perforation of the triangular
fibrocartilage (arrow) and a small cyst in the proximal radial
aspect of the triquetrum. Findings are related to friction of the
ulnar head against carpal bones.

Figure 4. Kienböck’s disease. There is almost complete
replacement of the high-signal-intensity fatty marrow with low
signal intensity related to avascular necrosis of the lunate on
this coronal T1-weighted image. Note the short ulna (negative
ulnar variance) often seen in these cases.

Figure 5. Tenosynovitis. Axial T2-weighted MR image of wrist
at level of the pisiform displays distention of tendon sheaths
around extensor digitorum tendons (white arrow) as well as in
carpal tunnel (black arrow).
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process and may not produce any symptoms
or instability.3,5,6 Perforations along the lunate
and dorsal margins of the SLL may be more
symp tomatic, because the stronger dense
connective tissue is less susceptible to degeneration in those regions.6
• Extrinsic ligaments. MRI may provide an
alternative to wrist arthroscopy for evaluation
of extrinsic ligament injury. Most of the
extrinsic ligaments abut the wrist capsule and
are subclassified by their anatomic location:
dorsal or volar. MRI can demonstrate these
ligaments using thin-section high-resolution
and high-contrast sequences.5,7,8 Signs of an
abnormal ligament on MRI include increased
signal intensity on T2 weighting, a segmental
defect, increased length, thickening, thinning,
and nonvisualization. 8 These abnormalities
may be difficult to detect. Both volar and dorsal extrinsic ligaments are usually symmetric
between the right and left sides, and therefore,
images of the contralateral wrist can be used
for comparison purposes in equivocal cases.
Some researchers are promoting MR
arthrography for evaluation of the extrinsic
ligaments.9-11

◆ DISORDERS OF TRIANGULAR
FIBROCARTILAGE
The triangular fibrocartilage is an important
structure that cushions the ulnocarpal articulation and stabilizes the distal radioulnar
joint. Tears of this structure can result in ulnar
wrist pain. Diagnostic imaging is usually performed in patients with ulnar-sided wrist pain,
because clinical examination may not give a
precise diagnosis.
The triangular fi brocartilage frequently
undergoes degeneration, which is often asymptomatic and has been demonstrated on histologic
studies with increasing prevalence in older
individuals.12 Degeneration tends to be more
severe on the proximal surface due to more
intensive biomechanical forces on this surface.12,13
Progressive degeneration of the proximal surface
leads to erosion, thinning, and perforation of the
triangular fibrocartilage. Degenerative perforations are more common in the thinner central
portion of the triangular fibrocartilage.
The triangular fibrocartilage is a lowsignal-intensity bow-tie-like structure that
extends radially from the dorsal ulnar aspect
of the lunate fossa where it attaches to the
intermediate- to high-signal-intensity hyaline
articular cartilage of the radius. The ulnar
attachments of the triangular fibrocartilage are
to the fovea at the base of the radial aspect of
the ulnar styloid and to the distal tip of the
ulnar styloid process.
Perforations of the triangular fibrocartilage
can be degen erative and asymp tomatic or
post-traumatic and painful. Perforations
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demonstrate high-signal-intensity fluid within
them on proton density and T2-weighted MR
images. Arthrography will show contrast
extension between the radiocarpal joint and
the distal radioulnar joint (Figure 2). Some
tears are partial and may extend only to the
superior or inferior surface. When the tear
includes a full-thick ness perforation of the
triangular fibrocartilage, fluid is usually
present in the distal radioulnar joint.14 This
fluid, however, is not specific for triangular
fibrocartilage perforation and can be seen in
patients with synovitis or mechanical irritation
of this joint.
Potter has shown that high-resolution MR
has a sensitivity of 100%, specificity of 90%,
and accur acy of 97% with arthroscopic
correlation.15 Oneson et al reported that sensitivity for de tecting central degenerative
perforation was 91% for two observers and
100% and 86% for radial slitlike tears with the
same two observers.16 Haims pointed out the
lim itations of MRI for the diagnosis of
peripheral tears of the triangular fibrocartilage, with a 17% sensitivity, 79% specificity,
and 64% accuracy.17 Yoshioka has shown the
value of high-resolution MR microscopy in
evaluation of the triangular fibrocartilage.18
Arthrography is also useful for evaluation of
this structure, 9,19 and it has potential to
demonstrate the more difficult to detect
peripheral tear.

◆ ULNAR IMPACTION SYNDROME
The distribution of forces transmitted across
the wrist through the radius and ulna is
related to the relative lengths of the radius and
ulna. In some patients, the ulna is relatively
longer than the radius (ulnar positive
variance), and this results in im paction or
abutment of the ulnar head with the lunate
during ulnar deviation of the wrist.
The MR features of this clinical entity
include ulnar positive variance, subchondral
sclerosis or cyst formation of proximal/ulnar
aspect of the lunate and/or ulnar head, and
tears or perforations of the triangular fibrocartilage and lunotriquetral ligament (Figure
3). 20-23 MR imaging is able to detect focal
defects or signal abnormalities of the articular
cartilage of the lunate or ulnar head.24

◆ CARTILAGE
MRI has the potential to demonstrate cartilage
injury to the radius, ulnar head, and carpus.
Cartilage lesions can result from trauma or
arthritis and are often painful. The lunate and
distal radius are common sites of cartilage
loss. The presence of a hamatolunate facet (an
articulation between the hamate and lunate)
increases the probability of cartilage damage
in the proximal pole of the hamate. 25 Fast

spin-echo and fat-suppressed 3D gradientecho imaging have been recommended for
this evaluation. Historically, MR imaging of
the wrist using these sequences has not been
shown to be particularly sensitive, specific, or
accurate for diagnosing cartilage defects,26 but
there is excitement about the use of high field
3T MR systems, MR microscopy, and new
pulse sequences that increase contrast and
spatial resolution to improve evaluation of the
cartilage. High resolution MR with the use of a
microscopy coil has been shown useful in the
correlation of ulnar variance with ulnar side
structures. 27 High-field and ultra-high-field
MR systems are becoming more available in
community practice. Improved visualization
of the interosseus ligaments and the triangular
fibrocartilage complex is described at 3 Tesla
due to increased signal-to-noise ratio as a
result of higher spatial resolution. 28-30 One
recent study found 100% specificity for
detection of tears at 3T.31

◆ FRACTURE
MR imaging can be used for detecting subtle
or occult fractures in selected problem
cases. 32,33 It can also rule out fractures in a
much larger proportion of patients who would
otherwise receive unnecessary immobilization
and follow-up examinations. MRI can be used
when a patient who has been immobilized for
a week or two has normal radi ographs but
persistent pain. In that setting, MR may be
useful to distinguish occult fractures that will
eventually heal from other entities such as
Kienböck’s disease, which may present with
similar features.
An acute fracture is recognizable using MR
by the marrow edema (low signal on T1weighted images and high signal on T2weighted images) surrounding the fracture line
(linear low signal on all sequences). Stress
fractures can also be identified using MR
imaging, but these are uncommon in the wrist.34

◆ AVASCULAR NECROSIS
MR imaging is useful for identifying early
carpal bone avascular necrosis (AVN) during
the evaluation of a patient with wrist pain of
unknown etiology.35 Radiographs are usually
normal at this stage, and the diagnosis of
carpal bone AVN at the time of MR examination is frequently a surprise.
Early diagnosis using MR imaging is impor tant and useful because most surgical
treatments are suc cessful only if they are
performed before the involved bone collapses.
Correlation of abnormal marrow sig nal
intensity with the clin ical picture increases
specificity for AVN, as other processes such as
trauma and infection can have MR features
similar to AVN. The MR features of carpal
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bone AVN include replacement of normal
fatty marrow with low signal intensity on
T1WI and high signal intensity on T2WI or
low signal intensity on both T1WI and T2WI.
AVN has been reported in 16% of patients
with scaphoid nonunion. 36 If the proximal
pole fragment has been devascularized, it is
less able to support fracture healing or
incorporation of a bone graft.37 The surgeon
can test for blood flow intraoperatively, but
most surgeons prefer to know the vascular
status of the proximal pole in advance to
optimize preoperative planning.
Unfortunately, even radiographs cannot
guarantee the presence of AVN. Sclerosis of
the proximal pole of the scaphoid on radiographs does not always indicate AVN. Bone
scintigraphy is nonspecific for AVN. It has
been shown that the use of intravenous gadolinium increases reliability for determining
the presence of scaphoid AVN in the setting of
scaphoid nonunion. Most instances of AVN
will not show gadolinium uptake, but this is
not always true.36 Cerezal showed increase in
sensitivity, specificity, and accuracy (66%,
88%, and 83%, respectively) following intravenous gadolinium when compared with
routine MRI.38
• Kienböck’s disease. Also known as lunatomalacia, Kienböck’s disease refers to
avascular necrosis of the lunate. It is most
common in men 20 to 40 years of age. The
etiology is uncertain, although it has been
suggested that chronic low-grade trauma is the
most important factor. Kienböck’s disease is
often seen in wrists with negative ulnar
variance, where the ulna lies proximal to the
distal radius. This configuration is believed to
increase shear stress on the lunate, resulting in
microfracture and necrosis.39
MR imaging has been able to demonstrate
all stages of Kienböck’s disease, although it is
most useful for diagnosing early disease when
radiographs are normal.40 In these cases, the
patient is usually referred with central wrist
pain and negative radiographs. The marrow is
low in signal intensity on T1 weighting and
may have areas of high T2 signal intensity
(marrow edema or neovascularity) and/or
areas of low T2 signal intensity, depending on
the stage of the disease (Figure 4).40,41
Follow-up MR images are useful to monitor treatment of patients with abnormal signal
intensity in the lunate suspicious for AVN or
bone mar row edema syndrome. Following
successful immobilization, the marrow signal
intensity may return to normal.40

◆ TENDINOPATHY
The extensor tendons of the wrist are divided
into six compartments that overlie the carpal
bones and interosseous ligaments along the
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dorsal aspect of the wrist. Abnormalities of the
extensor tendons are well seen on MR
imaging. They may present with fluid in the
tendon sheath (tenosynovitis) (Figure 5),
thickening of the tendon and/or abnormal
elevation of signal intensity within the tendon
on T1- and/or T2-weighted images (tendinopathy), or complete disruption of the tendon.
Tenosynovitis in the first extensor compartment is easily identified with the aid of
MRI in patients with de Quervain’s disease.42,43
This form of tenosynovitis is more common in
middle-aged women and may be present
bilaterally in 30% of that population. MRI is
useful for distinguishing de Quervain’s
tenosynovitis from other disorders that cause
dorsal radial wrist pain.
MR imaging shows the extent of tendon
rupture in the wrist and hand, a condition that
may be difficult to diagnose clinically.44 This
information can also be used for planning of
tendon repair, relocation, or transfer. Complete
tendon ruptures present as a loss of continuity
in the low-signal tendon. Incomplete ruptures
or chronic tears are depicted by MR imaging as
irregular thickening or thinning of the tendon,
which may contain areas of high signal
intensity on T2-weighted images. Postoperative
adhesions and scar tissue around a tendon can
lead to functional impairment. MR imaging
can demonstrate the low-signal-intensity scar
tissue around the tendon.

◆ NERVE ENTRAPMENT SYNDROMES
Nerve entrapment may occur in the carpal
tunnel or Guyon’s canal in the wrist area.
• Carpal tunnel syndrome. The anatomic
causes of median nerve compression in the
carpal tunnel can be assessed by MRI,45-48 but it
is not always abnormal in patients with carpal
tunnel syndrome. MR imaging of carpal
tunnel syndrome has several current clinical
applications: equivocal cases when the electromyogram does not correlate with clinical
symptoms; identification of the etiology such
as an intrinsic or extrinsic mass, which may
obviate the need for flexor retinaculum release; preoperative assessment of the position
of the median nerve in patients who are
scheduled for endoscopic retinacular release;
and postoperative assessment of patients
whose symptoms recur following surgery.
In cases of tenosynovitis in the carpal
tunnel, MR images demonstrate distention of
the tendon sheaths (Figure 5). In acute
tenosynovitis, fluid is seen within the tendon
sheaths on MRI. Other abnormalities that can
be identified by MR imaging in patients with
carpal tunnel syndrome include palmar bowing of the flexor retinaculum (best identified
at the level of the hamate); swelling, flattening,
or attenuation of the median nerve; and
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elevated signal intensity within the nerve on T2-weighted images,
presumably from compression-induced edema.45,48,49 Swelling of the
median nerve is often seen proximal to the level of the carpal tunnel at
the level of the pisiform and distal radioulnar joint.
With long-standing carpal tunnel syndrome, the nerve may be low
signal intensity on all imaging sequences, presumably due to fibrosis.
Thenar muscle atrophy and thickening of the flexor retinaculum have
also been observed. Occasionally, muscles can demonstrate hypertrophy within the carpal tunnel, particularly the lumbricals, which lie
distally and originate from the flexor digitorum profundus tendons.
Masses in or around the carpal tunnel are also causes of carpal tunnel
syndrome. Fibrolipomatous hamartoma of the median nerve, another
cause of carpal tunnel syndrome, has a classic coaxial cable-like
appearance on MRI with a characteristic lipid signal intensity.50
Following successful carpal tunnel release, the flexor retinaculum
and contents of the carpal tunnel are displaced volarly.51 MR imaging
can be used following surgical decompression for patients who are
symptomatic to assess for causes such as incomplete retinacular release
or reattachment, scarring in the region of the carpal tunnel, neuritis of
the median nerve, or development of a neuroma, which can occur
when the median nerve is inadvertently cut.45,52
• Guyon’s canal syndrome. MR imaging can reliably demonstrate
the area of Guyon’s canal.53 It is in this fascial tunnel that the ulnar
nerve enters the palm from the forearm and extends distally from the
level of the pisiform where it divides into two sensory branches as well
as the deep motor branch. The deep motor branch of the ulnar nerve is
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MRI in Wrist Pain

MAGNETIC

Lynne S. Steinbach, M.D.
thinner and weaker trapezoidal volar portion. The
triangular central proximal portion is the weakest
region, and it is frequently affected by degenerative
perforation. The fibrocartilaginous dorsal and central
portions of the ligament have lower signal intensity
than the volar margin, where there is a higher
concentration of loose connective tissue.
The LTL can be linear or delta-shaped, but its
shape may be amorphous.3 It is also separated into
volar, central, and dorsal zones. The LTL is consis◆ LIGAMENTOUS DISRUPTION AND
tently identified on MRI.
CARPAL INSTABILITY
On high-resolution
images, ligamentous pathDisruption can be iden ology may manifest as fluid
tified using MR in both
signal or contrast material
inter carpal and extrinsic
traversing the ligament
ligaments.
(perforation) or morph • Proximal intercarpal
ologic distortion. The ligaliga ments. The scapho ment may be irregular on
lunate (SLL) and luno one surface, consistent with
triquetral (LTL) ligaments
fraying or partial tear. This
are important for carpal
is more common on the
stability. These ligaments
bridge the dorsal, proximal, Figure 1. Lunotriquetral ligament tear. Coronal gradient-echo MR volar portion of the SLL.
and volar aspects of the image shows absence of the lunotriquetral ligament (arrow) with Scar tissue may produce an
high-signal-intensity fluid filling in the gap between lunate and
irregular or lax ligament.
proximal carpus, and path- triquetrum. Note intact scapholunate ligament (circle).
Rarely, the torn liga ment
ologic changes in them can
may be completely absent (Figure 1). SLL lesions are
produce carpal instability and wrist pain. MR
seen on MRI with sensitivity ranging from 50% to
arthrography or conventional arthrography aids in
93%.4 Lesions of the LTL are less common than SLL
identification of the site of ab normality and can
characterize the lesion. 1,2 This information can be
tears and more difficult to identify. Sensitivity for
LTL defects ranges from 40% to 100%, while speused for therapeutic decision making. Symptomatic
cificity ranges from 33% to 100%.4
tears are treated with debridement or repair.
The SLL is a horseshoe-shaped ligament that is
MRI must be carefully correlated with clinical
composed of a strong bandlike dorsal zone and a
symp toms, as perfor ations are part of the aging
R imaging aids evaluation of a number of
abnormalities of the bones, ligaments, and
soft tissues in the wrist. These include
ligamentous disruption, disorders of the triangular
fibrocartilage, ulnar impaction syndrome, damage to
articular cartilage, distal radioulnar joint instability,
fracture, avascular necrosis, ten dinopathy, nerve
entrapment syndromes, synovial abnormalities, and
soft-tissue masses.
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Upon completion of this article,
readers should be able to:

• Identify pathology of the
scapholunate and lunotriquetral ligaments, extrinsic
ligaments, and triangular
fibrocartilage on MR
imaging.

• Describe the features of
ulnocarpal impaction
syndrome.

• Recognize the presentations
of marrow abnormalities
such as occult fractures
and avascular necrosis in
the wrist.

• Summarize disorders
of the tendons and nerves
of the wrist.
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