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Magnetic resonance (MR) imaging has opened new horizons in the di-
agnosis and treatment of many musculoskeletal diseases of the ankle
and foot. It demonstrates abnormalities in the bones and soft tissues
before they become evident at other imaging modalities. The exquisite
soft-tissue contrast resolution, noninvasive nature, and multiplanar ca-
pabilities of MR imaging make it especially valuable for the detection
and assessment of a variety of soft-tissue disorders of the ligaments
(eg, sprain), tendons (tendinosis, peritendinosis, tenosynovitis, entrap-
ment, rupture, dislocation), and other soft-tissue structures (eg, ante-
rolateral impingement syndrome, sinus tarsi syndrome, compressive
neuropathies [eg, tarsal tunnel syndrome, Morton neuroma], synovial
disorders). MR imaging has also been shown to be highly sensitive in
the detection and staging of a number of musculoskeletal infections in-
cluding cellulitis, soft-tissue abscesses, and osteomyelitis. In addition,
MR imaging is excellent for the early detection and assessment of a
number of osseous abnormalities such as bone contusions, stress and
insufficiency fractures, osteochondral fractures, osteonecrosis, and
transient bone marrow edema. MR imaging is increasingly being rec-
ognized as the modality of choice for assessment of pathologic condi-
tions of the ankle and foot.
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Introduction
The past 15 years have witnessed an explosion of
information regarding the role of magnetic reso-
nance (MR) imaging in assessing pathologic con-
ditions of the ankle and foot. MR imaging has re-
vitalized the study of musculoskeletal disease in
this anatomic area due to its high soft-tissue con-
trast resolution and multiplanar capabilities. It
provides a quick, noninvasive tool for the diagno-
sis of related injuries, which are often difficult to
diagnose with alternative modalities. MR imag-
ing is particularly advantageous for assessing soft-
tissue structures around the ankle such as ten-
dons, ligaments, nerves, and fascia and for de-
tecting occult bone injuries. In this article, we
review the normal MR imaging anatomy of the
ankle and foot and discuss numerous related soft-
tissue and osseous abnormalities that are seen
with this modality.

Imaging Technique
Routine ankle MR imaging is performed in the
axial, coronal, and sagittal planes parallel to the
table top. The foot is imaged in the oblique axial
plane (ie, parallel to the long axis of the metatar-
sal bones), oblique coronal plane (ie, perpendicu-
lar to the long axis of the metatarsals), and ob-
lique sagittal plane (Fig 1). The patient is supine
with the foot in about 20° of plantar flexion. Plan-
tar flexion is useful for three reasons: it decreases
the magic angle effect, it accentuates the fat plane
between the peroneal tendons, and it allows bet-
ter visualization of the calcaneofibular ligament.
An extremity surface coil is used to enhance spa-
tial resolution. A wrist coil or other small dedi-
cated coils are often used to evaluate the distal
foot. T1-weighted (repetition time msec/echo time
msec = 600/20) and T2-weighted (2,000/20,80)
MR images are obtained with a 12–16-cm field of
view, a 256 ´ 192–512 acquisition matrix, 1–2 sig-
nals acquired, and a 3–5-mm section thickness
with 1-mm intervals.

Marrow abnormalities are best evaluated with
fat suppression techniques such as fat-suppressed
proton-density–weighted imaging or with short-
inversion-time inversion recovery (STIR) se-
quences (1,500/20; inversion time msec = 100–
150). However, susceptibility to gradient inho-

mogeneity makes fat suppression techniques less
optimal than STIR techniques in imaging the
ankle and foot. Cartilage abnormalities can be vi-
sualized with two-dimensional or three-dimen-
sional (3D) gradient-echo sequences.

Normal Ligamentous Anatomy
Three ligamentous groups support the ankle
joint. The syndesmotic ligamentous complex is
composed of the anterior and posterior tibiofibu-
lar and interosseous ligaments. The lateral collat-
eral ligament is subdivided into the anterior talo-
fibular, posterior talofibular, and calcaneofibular
ligaments. The deltoid ligament has five bands:
the anterior and posterior tibiotalar ligaments and
the tibiospring, tibiocalcaneal, and tibionavicular
ligaments.

The ligaments are readily identified as thin,
linear, low-signal-intensity structures joining ad-
jacent bones and are usually delineated by con-
tiguous high-signal-intensity fat (1). Heterogene-
ity is typically seen due to the interposition of fat
between the ligamentous fibers. This is particu-
larly true for the anterior tibiofibular ligament, the
tibiotalar components of the deltoid ligament, and
the posterior talofibular ligament. Axial and coro-
nal imaging with the foot in dorsiflexion and
plantar flexion have been recommended to allow
visualization of the ligaments in their entirety (2).
The ligaments can also be studied with 3D Fou-
rier transform reformatted images (3). In our ex-
perience, however, the ligaments can be reliably

Figure 1. Drawings of the foot illustrate the oblique
axial, oblique coronal, and oblique sagittal imaging
planes.
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evaluated on routine orthogonal ankle MR im-
ages as long as the section thickness is 3 mm or
less.

The anterior and posterior tibiofibular liga-
ments are usually seen on two or more sequential
axial and coronal MR images obtained at the level
of the tibial plafond and talar dome (Fig 2). On
axial images, these ligaments often appear stri-
ated and discontinuous owing to fat interposed
between the fascicles of the ligaments and the
downward, oblique course of the ligaments to-
ward their insertion on the fibula.

The anterior and posterior talofibular liga-
ments are usually seen on a single axial image ob-
tained slightly distal to the tibiofibular ligaments.
Fluid within the joint serves to highlight the ante-
rior talofibular ligament on T2-weighted images.
This ligament appears as a thin, straight, low-sig-
nal-intensity band extending from the talus to the
fibular malleolus (Fig 3). The posterior talofib-
ular ligament has a fan-shaped insertion on the

distal fibula and may demonstrate marked het-
erogeneity and thickening, which should not be
misinterpreted as a tear (Fig 3).

The morphologic features of the talus and the
distal fibula can help distinguish the anterior and
posterior tibiofibular ligaments from the anterior
and posterior talofibular ligaments on axial MR
images. The talar dome, where the tibiofibular
ligaments are detected, is somewhat square. In ad-
dition, the ligaments insert onto the fibula above
the malleolar fossa, where the cross-section of the
fibula is round. Conversely, the talus is more ob-
long and the sinus tarsi is partially visualized at
the insertion sites of the talofibular ligaments. The
fibula demonstrates a medial indentation repre-
senting the malleolar fossa.

The calcaneofibular ligament is frequently
seen as a band of low signal intensity parallel to
the lateral calcaneal wall on routine axial MR
images obtained with the foot in plantar flexion

2a. 2b. 3.
Figures 2, 3. (2) Normal tibiofibular ligaments. (a) Axial T1-weighted MR image obtained at the joint level
demonstrates the anterior (straight arrows) and posterior (curved arrow) tibiofibular ligaments. (b) Coronal
T1-weighted MR image shows the posterior tibiofibular (straight arrow) and posterior talofibular (curved ar-
row) ligaments. (3) Normal talofibular ligaments. Axial T1-weighted MR image depicts the anterior talofib-
ular ligament (arrow). The posterior talofibular ligament normally demonstrates a striated pattern due to inter-
spersed fat (*). Note the oblong shape of the talus as well as the medial indentation of the fibula (F), which rep-
resents the malleolar fossa. (Reprinted, with permission, from reference 4.)
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(Fig 4a). However, the ligament is more consis-
tently visualized on coronal images, where it is
depicted in cross-section as a round, homoge-
neous, low-signal-intensity structure that can be
followed up on sequential T1-weighted images
from its fibular origin to its calcaneal insertion
site (Fig 4b). The various components of the del-
toid ligament are well visualized on both axial and
coronal images. The deep, tibiotalar component
of the deltoid ligament normally demonstrates
regular striations and thus has a heterogeneous
appearance (Fig 5).

Ligamentous Injuries
Lateral ankle sprains represent 16%–21% of all
sports-related traumatic lesions. The anterior talo-
fibular ligament is the weakest ligament and there-

fore the most frequently torn. There is usually a
predictable pattern of injury involving the anterior
talofibular ligament followed by the calcaneofibu-
lar ligament and the posterior talofibular ligament.
Anatomic classification of ankle sprains is based
on the number of affected ligaments. First-degree
sprain is characterized by a partial or complete
tear of the anterior talofibular ligament. In second-
degree sprain, both the anterior talofibular and
calcaneofibular ligaments are either partially or
completely torn. Third-degree sprain consists of
injuries to the anterior talofibular, calcaneofibular,
and posterior talofibular ligaments.

Because acute ankle ligamentous injuries are
rarely treated surgically, the use of MR imaging
is limited to the evaluation of athletes at ad-
vanced competitive levels in whom primary liga-
mentous surgical repair is contemplated and of

Figures 4, 5. (4) Normal calca-
neofibular ligament. (a) Axial T1-
weighted MR image shows the cal-
caneofibular ligament (straight ar-
rows) immediately adjacent to the
peroneal tendons (curved arrow).
(b) Sequential coronal T1-weighted
MR images display the calcaneo-
fibular ligament as a round, hypo-
intense structure (arrow) extending
from the lateral malleolar tip (F) to
the lateral wall of the calcaneus (C).
(5) Normal deltoid ligament. Coro-
nal T1-weighted MR image shows
the striated posterior tibiotalar (*)
and tibiocalcaneal (arrow) bands of
the deltoid ligament.

4a. 5.

4b.
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patients with a history of chronic ankle instability
(5). The MR imaging criteria for the diagnosis of
acute rupture of the lateral collateral ligament in-
clude morphologic and signal intensity altera-
tions within and around the ligament (2,6). Inju-
ries of the anterior talofibular ligament are easily
seen on routine axial ankle MR images. Disconti-
nuity, detachment, thickening, thinning, or ir-
regularity of the ligament may be encountered.
Heterogeneity with increased intraligamentous
signal intensity on fat-suppressed or T2-weighted
images is indicative of intrasubstance edema or
hemorrhage. Obliteration of the fat planes around
the ligament, extravasation of joint fluid into the
adjacent soft tissues, and talar contusions may
also be seen. Chronic tear often manifests as
thickening, thinning, elongation, and wavy or ir-
regular contour of the ligament. There is usually

no significant residual marrow or soft-tissue ede-
ma or hemorrhage (Fig 6). Decreased signal inten-
sity in the fat abutting the ligaments with all pulse
sequences is indicative of scarring or synovial pro-
liferation.

Injuries of the calcaneofibular ligament may
be detected on routine axial ankle MR images
but are more consistently visualized on coronal
T1-weighted images (Fig 7). On sequential coro-
nal images, the normal calcaneofibular ligament
is seen in cross-section as a low-signal-intensity,
homogeneous, oval structure surrounded by fat.
The injured ligament is frequently thickened (Fig
8) and heterogeneous, and the surrounding fat
planes are often obliterated. Fluid within the
peroneal tendon sheath can be a secondary sign of
calcaneofibular ligament injury.

Figures 6–8. (6) Chronic tear of
the anterior talofibular ligament.
Axial T1-weighted MR image dem-
onstrates waviness and irregularity
of the anterior talofibular ligament
(arrows). (7) Injury of the calcaneo-
fibular ligament. Sequential coronal
T1-weighted MR images demon-
strate increased signal intensity and
thickening of the calcaneofibular
ligament (*) between the peroneal
tendons (p) and the lateral wall of
the calcaneus (c). (8) Chronic tear
of the calcaneofibular ligament.
Axial T2-weighted MR image dem-
onstrates marked thickening and
waviness of the calcaneofibular liga-
ment (arrows).

6. 8.

7.
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MR imaging findings suggest that contusions
of the deltoid ligament, particularly of its tibiotalar
component, are frequently associated with inver-
sion sprains (7). These contusions manifest as loss
of the regular striations that are normally seen in
the deltoid ligament (Fig 9). Thus, contrary to
what one would expect, the ligament demon-
strates homogeneous intermediate signal inten-
sity, a finding that is consistent with injury. Reac-
tive fluid within the tendon sheath of the posterior
tibial tendon is also frequently noted.

The accuracy of MR imaging in detecting inju-
ries of the lateral collateral ligament has not yet
been clearly established. The accuracy of 3D fast
imaging with steady state precision in detecting
acute tears of the anterior talofibular and calcaneo-
fibular ligaments is reported to be 94.4% (3). MR
arthrography has been shown to have an accuracy
of 100% and 82% in detecting chronic anterior ta-
lofibular and calcaneofibular ligament tears, re-
spectively, whereas conventional MR imaging has
demonstrated an accuracy of 59% in diagnosing
chronic lateral collateral ligament tears (8).

Anterolateral
Impingement Syndrome

Anterolateral impingement syndrome is a com-
mon cause of chronic lateral ankle pain. Injuries to
the anterior talofibular and tibiofibular ligaments
and an accessory fascicle of the anterior talofibular
ligament have been implicated as causes of antero-
lateral impingement syndrome. Repetitive synovial
inflammation secondary to chronic lateral ankle
instability produces a soft-tissue “mass” consisting
of hypertrophic synovial tissue and fibrosis within
the lateral gutter. Anteromedial or anterocentral
bone impingement owing to osteophytes at the an-
terior ankle joint can exacerbate the condition (Fig
10). Arthroscopic debridement of soft-tissue im-
pingement has produced excellent results, with
84% of patients returning to their previous sport
activity (9).

MR imaging typically depicts a “meniscoid”
mass within the lateral gutter of the ankle that
demonstrates low signal intensity with all pulse
sequences (Fig 10). This soft-tissue structure is
best visualized on axial or coronal images when
joint fluid is present within the lateral gutter.

a. b.
Figure 9. Injury of the deltoid ligament. Coronal (a) and axial (b) T1-weighted MR images
show indistinctness and swelling of the deltoid ligament as well as loss of the normal pattern of
fatty striation (*), findings that are consistent with extensive partial tear. Some fibers of the
tibionavicular ligament are still present (arrow in b).
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Accurate diagnosis necessitates distinguishing
this mass from the adjacent anterior talofibular
ligament. The accuracy of routine MR imaging in
diagnosing soft-tissue anterolateral impingement
syndrome has been questioned, particularly when
no joint fluid is present (10–12). MR arthrogra-
phy may be of value in equivocal cases.

Sinus Tarsi Syndrome
The sinus tarsi is a lateral space located between
the talus and the calcaneus. It contains the cervi-
cal and interosseous talocalcaneal ligaments, the
medial roots of the inferior extensor retinaculum,
neurovascular structures, and fat. Sinus tarsi syn-
drome is caused by hemorrhage or inflammation
of the synovial recesses of the sinus tarsi with or
without tears of the associated ligaments. This
disease entity commonly occurs following an in-
version injury and is often associated with tears of
the lateral collateral ligaments. It may also be re-

lated to rheumatologic disorders and abnormal
biomechanics such as flat foot deformity second-
ary to posterior tibial tendon tear. Patients with
sinus tarsi syndrome present with hindfoot insta-
bility and pain along the lateral aspect of the foot.
Prior to the advent of MR imaging, arthrography
of the subtalar joint and relief of pain following
injection of a local anesthetic or steroid were the
only techniques for diagnosing this syndrome.
The MR imaging characteristics of sinus tarsi
syndrome include the obliteration of fat in the si-
nus tarsi space. The space itself is replaced by ei-
ther fluid or scar tissue, and the ligaments may
be disrupted (Fig 11) (13,14). Osteoarthritis of
the subtalar joint and subchondral cysts may be
present in advanced cases. Normal recesses from
the posterior subtalar joint may frequently extend
into the sinus tarsi and should not be misinter-
preted as pathologic conditions.

Figure 10. Anterolateral impingement syndrome.
Sagittal STIR MR image shows a low-signal-inten-
sity “meniscoid” mass (black arrow) related to re-
dundant synovial tissue. Anterior tibial and talar
“kissing” osteophytes are also noted (white arrows).

Figure 11. Sinus tarsi syndrome in a patient with
rheumatoid arthritis. Sagittal T1-weighted MR image
shows obliteration of fat by an area of fluid-like signal
intensity in the subtalar joint (*).



S160 October 2000 RG � Volume 20 • Special Issue

Normal Tendon Anatomy
The ankle tendons are well visualized as low-sig-
nal-intensity structures with all MR imaging se-
quences. In general, T1-weighted images provide
good anatomic detail, whereas T2-weighted im-
ages are useful for assessing the abnormal increase
in water that characterizes most pathologic con-
ditions. Axial images are optimal for assessing
morphologic features, longitudinal splits, tendon
sheath fluid, and adjacent soft-tissue abnormali-
ties. Sagittal images are most useful for depicting
disease of the Achilles tendon. Coronal images
are the least useful for assessing tendon disease.
Occasionally, a minimal amount of fluid is noted
within the tendon sheath, but this finding is clini-
cally insignificant. Fluid within the sheath of the
flexor hallucis longus tendon is common because
of the normal communication between the sheath
and the ankle joint.

The magic angle effect produces increased sig-
nal within normal tendons when they form an
angle of about 55° with the main magnetic vector
(15). This phenomenon is usually seen with echo
times less than 20 msec (T1-weighted, proton-
density–weighted, or gradient-echo sequences)
and is quite common in the ankle tendons be-
cause they curve around the ankle joint. The pos-
terior tibial tendon is particularly susceptible to
the magic angle effect at its insertion on the nav-
icular bone (Fig 12). Striation of the tendon at
that site is also due to fat interposed between the
several insertional fascicles of the tendon and
should not be misinterpreted as a pathologic con-
dition. Imaging the ankle in about 20° of plantar
flexion decreases the angle between the tendons
and the main magnetic vector and is therefore
quite useful in decreasing the magic angle effect.

Tendon Injuries
Tendon injuries can be grouped into six catego-
ries: tendinosis, peritendinosis, tenosynovitis, en-
trapment, rupture, and dislocation (17,18). These
conditions often coexist, and overlap in their clini-
cal, gross, and histologic manifestations can make
them indistinguishable at MR imaging (6). The
MR imaging characteristics of tendinosis include
a fusiform shape and focal areas of increased ten-
don girth associated with increased signal intensity
within the tendon on T1-weighted and proton-

density–weighted images. T2 signal intensity al-
terations are noted when significant intrasubstance
degeneration is present. Tenosynovitis and peri-
tendinosis are caused by inflammation or me-
chanical irritation of the tendon sheath and peri-
tenon, respectively. MR images reveal fluid accu-
mulation, synovial proliferation, or scarring within
the tendon sheath or adjacent soft tissues. Stenos-
ing tenosynovitis occurs when synovial prolifera-
tion and fibrosis surround the tendon, causing
entrapment and even rupture. It manifests as
areas of intermediate to low signal intensity in the
soft tissues around the tendon with all MR imag-
ing sequences.

Partial rupture manifests on T1-weighted and
proton-density–weighted images and occasionally
on T2-weighted images as an area within the sub-
stance of the tendon having a signal intensity
similar to that seen in advanced tendinosis.
Complete rupture is depicted as complete disrup-
tion of the tendon fibers. MR imaging is useful in
the detection of dislocation and subluxation of
the peroneal and posterior tibial tendons and in
the assessment of concomitant tendon disease.

Figure 12. Magic angle effect in an asymp-
tomatic patient. Axial proton-density–weighted
MR image demonstrates increased signal inten-
sity within the posterior tibial (curved arrow),
flexor digitorum longus (straight solid arrow),
and flexor hallucis longus (open arrow) tendons.
(Reprinted, with permission, from reference 16.)
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Achilles Tendon Injuries
Achilles tendon injuries may be classified as non-
insertional or insertional (17,18). The former
group includes diffuse acute and chronic periten-
dinosis, tendinosis, and a rupture 2–6 cm above
the insertion of the tendon on the calcaneus (19).
The latter group includes insertional Achilles ten-
dinosis, which may be associated with Haglund
deformity of the calcaneus. Weinstabi et al (19)
classified Achilles tendon lesions into four types
on the basis of MR imaging findings. Type I rep-
resents inflammatory reaction; type II, degenera-
tive changes; type III, partial rupture; and type
IV, complete rupture.

The Achilles tendon lacks a tendon sheath.
However, it has a peritenon whose vascular sys-
tem extends both within and outside the tendon.
Achilles peritendinosis manifests at MR imaging
as linear or irregular areas of altered signal inten-
sity in the pre–Achilles tendon fat pad, a finding
that indicates the presence of edema (Fig 13), or
scarring of the peritenon. The tendon itself is
normal. Achilles tendinosis manifests on axial
MR images as loss of the anterior concave or flat
surface of the Achilles tendon and on sagittal im-
ages as fusiform thickening of the tendon (Fig 14)
(20). Areas of increased signal intensity within
the tendon are also noted.

Preoperative MR imaging is useful for distin-
guishing partial from complete rupture and as-

sessing the site and extent of the tear. Clinical
misdiagnosis has been reported in up to 25% of
patients with complete tears of the Achilles ten-
don due to swelling that obscures the tendon gap
and retained weak plantar flexion (false-negative
Thompson test). At MR imaging, partial Achilles
tendon tears demonstrate heterogeneous signal
intensity and thickening of the tendon without
complete interruption (Fig 15). Differentiation
between partial tear and severe chronic Achilles
tendinosis may be difficult apart from clinical his-
tory. However, acute partial tears are often asso-
ciated with subcutaneous edema, hemorrhage
within the Kager fat pad, and intratendinous hem-
orrhage at MR imaging, whereas chronic tendi-
nosis does not usually demonstrate increased
subcutaneous or intratendinous signal intensity on
T2-weighted images. Complete Achilles tendon
rupture manifests as discontinuity with fraying and
retraction of the torn edges of the tendon (Fig 16).
In acute rupture, the tendon gap demonstrates in-
termediate signal intensity on T1-weighted images
and high signal intensity on T2-weighted images,
findings that are consistent with edema and hem-
orrhage, whereas in chronic ruptures, scar or fat

Figures 13, 14. (13) Acute Achil-
les peritendinosis. Sagittal T2-
weighted MR image shows a reticu-
lar pattern of increased signal inten-
sity in the pre–Achilles tendon fat
(*), a finding that indicates the
presence of edema. (14) Chronic
tendinosis of the Achilles tendon.
Sagittal T1-weighted MR image
shows fusiform thickening of the
Achilles tendon without evidence of
increased intrasubstance signal in-
tensity (arrows).

13. 14.
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may replace the tendon. Partial rerupture occurs
in approximately 2% of surgically treated Achilles
tendon ruptures (Fig 17). Postoperative MR imag-
ing assessment includes evaluation of the extent of
tendinous union and healing. On most follow-up
MR imaging studies, intratendinous signal inten-
sity will decrease as the tendon heals (21). How-
ever, the tendon may remain thickened, simulat-
ing chronic tendinosis, even after normal signal
intensity has been regained.

Insertional tendinosis is frequently associated
with Haglund deformity of the calcaneus but may
also be related to an ill-fitting shoe or to overuse.
Focal pain at the insertion site of the Achilles
tendon is usually present at clinical examination.
Initial treatment of this condition is conservative.
However, surgical treatment with removal of intra-
substance calcifications and bone osteophytes as
well as resection of the Haglund deformity has
proved highly successful. MR imaging findings in-
clude increased signal intensity and thickening at
the insertion site of the Achilles tendon, intrasub-

15. 16. 17. 18.
Figures 15–18. (15) Partial tear of the Achilles tendon. Sagittal T2-weighted MR image demonstrates a thickened
Achilles tendon containing irregular areas of high signal intensity and focal discontinuity of posterior fibers (arrow),
findings that are consistent with partial tear. (16) Complete tear of the Achilles tendon. Sagittal T2-weighted MR
image depicts complete disruption and retraction of the torn edges of the Achilles tendon (arrows) with a fluid-filled
gap (*). (17) Partial retear of the Achilles tendon following surgical repair in a patient with recurrent symptoms.
Sagittal STIR MR image demonstrates thickening and increased signal intensity at the surgical site (arrows) related
to retear. Note the punctate and serpentine areas of signal void indicating the presence of surgical material. (18) In-
sertional partial tear of the Achilles tendon. Sagittal STIR MR image shows increased signal intensity at the insertion
site of the Achilles tendon (white arrowheads) associated with retrocalcaneal bursitis (black arrowhead). A promi-
nent posterosuperior calcaneal tuberosity (Haglund deformity) and edematous bone marrow (*) are also noted.

Figure 19. Xanthoma of the Achilles tendon in a patient with fa-
milial hypercholesterolemia. Sagittal T1-weighted MR image dem-
onstrates massive enlargement and linear stranding of the Achilles
tendon (arrows). Achilles bursitis is also seen (*). (Reprinted, with
permission, from reference 4.)

stance calcifications, Haglund deformity, calcaneal
marrow edema, and distended retrocalcaneal and
Achilles bursitis (Fig 18).

Fusiform thickening of the Achilles tendon as-
sociated with intrasubstance heterogeneity and
stippling are consistent with the presence of xan-
thoma (Fig 19) (22). This entity is usually found
in the presence of familial hypercholesterolemia
and should be suspected in patients with bilateral
Achilles tendon abnormalities. Obviously, differ-
entiation from Achilles tendinosis is important.
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Figures 20–23. (20) Type I tear of the posterior tibial tendon. On an
axial T2-weighted MR image, the markedly thickened tendon (straight ar-
row) has a diameter 10 times that of the adjacent flexor digitorum longus
tendon (curved arrow). Heterogeneous intrasubstance signal intensity repre-
senting longitudinal splits is also noted. (21) Advanced type I tear of the pos-
terior tibial tendon. Axial T1-weighted MR image shows marked tendon
thickening as well as high-signal-intensity foci (arrow) representing longitu-
dinal splits. (22) Type II tear of the posterior tibial tendon. Axial proton-
density–weighted MR image shows an attenuated posterior tibial tendon
(open arrow) with a caliber equal to that of the adjacent flexor digitorum
tendon (solid arrow). (23) Type III tear of the posterior tibial tendon.
Axial T2-weighted MR image demonstrates absence of the posterior tibial
tendon. The tibial retromalleolar groove has been replaced by synovial fluid
and debris (arrow). (Reprinted, with permission, from reference 27.)

20. 21. 22.

23.

Posterior Tibial Tendon Dysfunction
Acute or chronic dysfunction of the posterior tibial
tendon encompasses a spectrum of abnormalities
ranging from tenosynovitis and tendinosis to par-
tial or complete rupture of the tendon. Acute
tenosynovitis is related to overuse and is usually
encountered in young, athletic individuals. At MR
imaging, fluid is seen within the tendon sheath
(23). The tendon demonstrates normal signal in-
tensity and morphologic characteristics, although
nodular or diffuse thickening in chronic tenosyno-
vitis and scarring of the peritenon may be encoun-
tered. Tendinosis manifests as mild to severe het-
erogeneity and thickening of the tendon.

Chronic posterior tibial tendon rupture typi-
cally develops in women during the 5th and 6th
decades of life and is associated with progressive
flat foot deformity. The tear is commonly noted
behind the medial malleolus, where the tendon is
subjected to a significant amount of friction. Acute
partial or complete rupture of the posterior tibial
tendon in young, athletic individuals is less com-
mon and is usually seen at the insertion of the ten-
don on the navicular bone (24).

Surgical and MR imaging classification of
chronic posterior tibial tendon ruptures divides
these injuries into three types (25). Type I partial

tear consists of an incomplete tear with fusiform
enlargement, intrasubstance degeneration, and
longitudinal splits. On axial MR images, the diam-
eter of the tendon may be five to 10 times that of
the adjacent flexor digitorum longus tendon (Fig
20). High-signal-intensity foci representing longi-
tudinal splits are noted within the substance of
the tendon on T1-weighted and proton-density–
weighted images (Fig 21). Thus, diagnostic over-
lap exists between severe tendinosis and partial
type I tears because both demonstrate fusiform
thickening of the tendon with intrasubstance sig-
nal intensity alteration (26). Further stretching
and elongation of the tendon leads to a type II
partial tear of the posterior tibial tendon. On axial
images, a decrease in the diameter of the tendon,
usually without signal intensity alterations, is di-
agnostic for this pathologic condition. The cali-
ber of the tendon may now be equal to or less
than that of the adjacent flexor digitorum longus
tendon (Fig 22). Complete disruption of the ten-
don fibers is seen in type III posterior tibial ten-
don tears. These are quite rare and appear at MR
imaging as tendon discontinuity. The gap may be
filled with fluid or granulation tissue, depending
on the chronicity of the injury (Fig 23).
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A number of soft-tissue and bone abnormalities
are encountered at MR imaging in patients with
posterior tibial tendon tears (28). These include
fluid within the tendon sheath, fluid within the
medial or lateral bursae, sinus tarsi syndrome, pe-
riostitis at the insertion of the flexor retinaculum
on the tibia, hindfoot valgus, subtalar and talonav-
icular malalignment, and accessory navicular bone.

Dislocation of the posterior tibial tendon is a
rare condition that is most commonly seen in
young patients following a recognized injury to
the ankle (29). The mechanism of injury is usu-
ally related to severe dorsiflexion associated with
a torn flexor retinaculum, allowing the tendon to
slide out of its groove. On axial MR images, sub-
luxation or complete dislocation of the posterior
tibial tendon is easily identified (Fig 24) (30).
The tendon is seen medial or anterior to the me-
dial malleolus. Additional findings include an
avulsed or stripped flexor retinaculum, pressure
erosion of the dislocated tendon on the medial
malleolus, and a partially torn tendon.

Peroneal Tendon Injuries
Injuries to the peroneal tendons are frequently en-
countered and include peritendinosis, tenosynovi-
tis, tendinosis, rupture, and dislocation (31). MR
imaging characteristics of peritendinosis and teno-

synovitis include scarring around the tendons and
fluid within the common tendon sheath, respec-
tively (Fig 25) (32). The morphologic features of
the tendon are usually preserved. Care should be
taken to differentiate tenosynovitis from fluid
within the common peroneal sheath secondary to
a tear of the calcaneofibular ligament.

Acute and chronic ruptures of the peroneal
tendons occur in young, athletic individuals due
to overuse or may be related to degenerative wear
and tear in older, more sedentary patients. Calca-
neal fractures typically predispose to partial tears,
dislocation, and entrapment of the peroneal ten-
dons. Chronic longitudinal tears of the peroneus
brevis tendon often originate within the fibular
groove, where the tendon is entrapped between
the peroneus longus tendon and the lateral mal-
leolus. They may be associated with either supe-
rior peroneal retinacular tear or laxity secondary
to inversion injury. Longitudinal intrasubstance
tears of the peroneus brevis tendon have a dis-
tinct appearance on axial MR images (33–35).
The tendon assumes a C-shaped or boomerang
configuration that partially envelops the peroneus
longus tendon (Fig 26). Partial or full substance
splits within the tendon and intrasubstance high-
signal-intensity foci are noted on both T1- and
T2-weighted images.

Acute or chronic tears of the peroneus longus
tendon may be associated with peroneus brevis

Figure 24. Dislocation of the posterior tibial
tendon. Axial proton-density–weighted MR image
shows the posterior tibial tendon anterior and me-
dial to the tibial malleolus (black arrow). The flex-
or digitorum longus tendon is medially displaced
within the retromalleolar groove (white arrow).
(Reprinted, with permission, from reference 30.)

Figure 25. Peroneal tenosynovitis. Axial T2-
weighted MR image shows a large amount of
fluid within the common peroneal tendon
sheath (arrow). The morphologic features of
the tendons remain unchanged.
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tendon tears at the level of the medial malleolus
(33). Isolated tears of the peroneus longus ten-
don are more frequently seen at the level of the
peroneal tubercle or cuboid tunnel (36) (Figs 27,
28). MR imaging findings include morphologic
and signal intensity abnormalities within the ten-
don representing partial or complete disruption.

Marrow edema may be encountered within the
lateral calcaneus and within a hypertrophic pero-
neal tubercle. Occasionally, proximal retraction
of the os peroneum may be seen in patients with
complete rupture of the peroneus longus tendon.

Dislocation of the peroneal tendons is often
clinically misdiagnosed as an ankle sprain. A flake-
like fracture of the distal fibular metaphysis may be
present on conventional radiographs, indicating an
avulsed or stripped peroneal retinaculum. The
mechanism of acute dislocation is a violent con-
traction of the peroneal muscles with secondary de-
tachment of the superior peroneal retinaculum and
lateral dislocation of the peroneal tendons out of
the retromalleolar groove. Chronic ankle instability
associated with superior peroneal retinacular laxity
is considered a predisposing factor for chronic per-
oneal tendon dislocation.

MR imaging allows direct assessment of the
position of the tendons relative to the fibular retro-
malleolar groove (32,34). Dislocation is best dem-
onstrated on axial images, which show the ten-
dons to be located anterior and lateral to the dis-
tal fibula. The tendons are often found within a
“pouch” formed by a stripped-off superior pero-
neal retinaculum (Fig 29). Avulsion off the distal
fibula and midsubstance tears of the superior

26. 27. 28.
Figures 26–28. (26) Longitudinal tear of the peroneus brevis tendon. Axial proton-density–weighted MR image
demonstrates a C-shaped split peroneus brevis tendon (white arrow) partially enveloping the peroneus longus tendon
(black arrow). (27) Partial tear of the peroneus longus and brevis tendons. Axial proton-density–weighted MR image
shows splits of the peroneus longus (open arrow) and peroneus brevis (solid white arrow) tendons. Marrow edema (ar-
rowheads) is visible within a prominent peroneal tubercle (*). Debris, fluid, and scar (black arrows) are seen surround-
ing the tendons. (Reprinted, with permission, from reference 36.) (28) Chronic partial tear of the peroneus longus ten-
don. Oblique coronal T1-weighted MR image reveals increased intrasubstance signal intensity in a thickened peroneus
longus tendon (arrow) as it courses inferior to the cuboid bone (CU). (Reprinted, with permission, from reference 36.)

Figure 29. Dislocation of peroneal tendons.
Axial proton-density–weighted MR image shows
the dislocated peroneus brevis and longus ten-
dons (arrowhead) within a “pouch” formed by
the stripped-off superior peroneal retinaculum
(arrows).
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peroneal retinaculum are less frequently encoun-
tered. Associated MR imaging findings include
tenosynovitis or tears of the peroneal tendons,
convex fibular groove, avulsion fracture of the
distal fibula, and tear of the lateral collateral liga-
ment.

Flexor Hallucis
Longus Tendon Injuries
The flexor hallucis longus tendon is susceptible
to injuries as it passes through the fibro-osseous
tunnel between the lateral and medial talar tu-
bercles. Repetitive friction at that site predisposes
to chronic or stenosing tenosynovitis, tendinosis,
and partial tear. Complete tendon rupture may
also occur.

Injuries to the flexor hallucis longus tendon
are best visualized on axial and sagittal MR im-
ages (Fig 30a) (37). Synovial fluid surrounding
an otherwise intact tendon is characteristic of
chronic tenosynovitis, particularly if only a small
amount of fluid is noted within the ankle joint
(Fig 30b). Tendon sheath fluid in the presence
of a large ankle joint effusion most likely indi-
cates a normal communication between the two
structures and is usually of no clinical signifi-
cance. Chronic and extensive inflammation of
the peritenon leads to stenosing tenosynovitis,
producing a functional hallux rigidus. Fusiform

swelling and longitudinal splitting of the tendon
associated with increased intrasubstance signal
intensity is indicative of tendinosis and partial
tear.

Flexor hallucis longus tenosynovitis and tendi-
nosis may also be seen in the region of the Henry
knot and as the tendon passes between the sesa-
moid bones at the head of the first metatarsal.
MR imaging helps distinguish flexor hallucis lon-
gus tendon abnormalities from other conditions
with similar clinical characteristics (eg, sesa-
moiditis). Isolated distal rupture of the flexor hal-
lucis longus tendon is a rare condition resulting
from acute dorsiflexion or laceration injuries.

Osseous Lesions

Bone Contusion
During the acute stage, bone contusions (bone
bruises) manifest at MR imaging as reticular ar-
eas of hypointensity on T1-weighted images and
hyperintensity on T2-weighted and fat-suppressed
images (Fig 31) (38,39). They are related to
microfractures of the trabecular bone and edema
or hemorrhage within the bone marrow. Bone
contusions normally resolve within 8–12 weeks.
In most cases, radiographic findings are negative.
The clinical significance of bone contusions de-
tected with MR imaging is unknown, but it is
generally accepted that continued stress placed on
a contused bone may lead to complete fracture
(40).

a. b.
Figure 30. Os trigonum syndrome and flexor hallucis longus tenosynovitis. (a) Sagittal STIR
MR image demonstrates abundant fluid (*) within the sheath of the flexor hallucis longus tendon
(straight arrow). Edematous changes of the os trigonum, synchondrosis, and posterior talus
(curved arrow) are also seen. (b) Axial T2-weighted MR image obtained in a different patient
shows fluid and debris within the flexor hallucis longus tendon sheath (arrow), a finding that is
consistent with tenosynovitis. Note the absence of joint fluid.
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Stress Fractures and
Acute Posttraumatic Fractures
Stress fractures and insufficiency fractures occur
frequently in the ankle and foot and predomi-
nantly involve the second metatarsal, the calca-
neus, and, less frequently, the navicular bone and
talus (41–44). Prior to stress fracture, a condition
known as “stress response” occurs. During this
period, edema, hyperemia, and osteoclastic activ-
ity develop within the stressed area of the bone,
manifesting at MR imaging as poorly defined, ab-
normal signal intensity of the bone marrow simi-
lar to that of a bone contusion with an ill-defined
area of hypointensity on T1-weighted images and
hyperintensity on T2-weighted images and fat-
suppressed images (44,45).

As the stress persists and a fracture develops,
MR imaging will show an irregular, hypointense
line within the area of edema and hyperemia (Fig
32). Periosteal callus formation begins shortly af-
ter the fracture occurs and can be seen at MR im-
aging as a hypointense line running parallel to the
cortex and representing the elevated periosteum.
During the first few days, this periosteal reaction
may not be seen at conventional radiography be-
cause not enough calcium has been deposited.
The periosteum is separated from the underlying
cortex by hyperintense tissue on T2-weighted im-
ages, most likely representing inflammatory reac-
tion (45).

MR imaging has been found to be more sensi-
tive than conventional radiography and more spe-
cific than bone scintigraphy in the detection of oc-
cult fractures, particularly in the elderly and in os-

teoporotic patients (46). Acute posttraumatic
fractures will appear similar to stress-related frac-
tures at MR imaging, with hypointense lines rep-
resenting the fracture surrounded by ill-defined
areas of edema and hemorrhage.

Osteochondral Fractures
Osteochondral fractures originate from single or
multiple traumatic events, leading to partial or
complete detachment of an osteochondral frag-
ment with or without associated osteonecrosis.
The term osteochondral lesion (or transchondral frac-
ture) is preferred to the term osteochondritis disse-
cans because it better describes the traumatic na-
ture of these lesions. Transchondral fracture refers
to those lesions that exclusively involve the articu-
lar cartilage with no associated subchondral bone
lesion (47).

Osteochondral fractures of the ankle are usu-
ally seen in the talar dome, most frequently in the
middle third of the lateral border and in the pos-
terior third of the medial border (47). Inversion
injuries with dorsiflexion of the foot lead to an
osteochondral lesion of the lateral aspect of the
talar dome, often associated with a lateral collat-
eral ligament tear. An inversion injury to the ankle
with the foot in plantar flexion and lateral rota-
tion of the tibia on the talus lead to a posterome-
dial talar dome lesion (47,48).

Berndt and Harty (49) have classified osteo-
chondral talar lesions into four stages based on
the integrity of the articular cartilage and the
condition of the subchondral fragment. Stage I

Figure 31. Bone contusion. Sagittal STIR MR im-
age demonstrates increased signal intensity in the ante-
rior talus (*), a finding that is consistent with microtra-
becular disruption and edema.

Figure 32. Stress fracture. Sagittal T1-weighted
MR image demonstrates a transverse, nondisplaced
fracture of the calcaneus (arrow) with surrounding
bone marrow edema.
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lesions involve the subchondral bone, with pre-
served integrity of the overlying articular cartilage.
Stage II lesions consist of a partially detached frag-
ment of articular cartilage and subchondral bone.
Stage III lesions are characterized by a completely
detached fragment that is still located within the
defect produced by the fracture. Stage IV lesions
consist of a completely detached osteochondral
fragment located in a joint recess away from the
fracture site.

The treatment of osteochondral lesions during
the early stages is aimed at revascularization, heal-
ing, and prevention of detachment of the frag-
ment. Conservative treatment is recommended
when the articular cartilage is preserved and the
lesion is considered viable and stable. Surgical
treatment with curettage of the lesion and drilling
to promote healing is recommended when the le-
sion appears unstable, when there is articular in-
congruity, or when the fragment is necrotic (50).

MR imaging is probably the only technique
that can provide information regarding the size
and location of the lesion, the condition of the
overlying articular cartilage, the congruity of the
articular surfaces, the viability of the bone frag-

Figures 33–36. (33) Stage I osteochondral lesion. Coronal T1-
weighted MR image shows a subchondral area of decreased signal in-
tensity in the medial talar dome. (34) Stage II osteochondral lesion.
Coronal T1-weighted MR image reveals a partially detached osteocar-
tilaginous fragment in the lateral talar dome (arrow). (35) Stage III os-
teochondral lesion. Coronal T1-weighted MR image reveals an osteo-
chondral fragment that is completely detached from the talus (arrow)
but is still located within its crater. (36) Stage IV osteochondral lesion.
Coronal T1-weighted MR image demonstrates a crater in the medial
talar dome (white arrow). Note also the separate, nonviable bone frag-
ment displaced away from the donor site (black arrow).

33. 34. 35.

36.

ment, the stability or degree of healing between
the osteochondral fragment and the donor site,
and the location of the osteochondral fragment if
it has become displaced within the joint space
(Figs 33–36) (48,51).

The ideal pulse sequence for identifying osteo-
chondral lesions is still a subject of controversy,
but recent reports based on knee imaging seem to
favor thin-section 3D Fourier transform spoiled
gradient-echo techniques with fat saturation (52,
53) and, more recently, fat-saturated fast spin-
echo techniques. Some authors have also recom-
mended intraarticular injection of gadolinium-
based contrast material for improved visualiza-
tion of osteochondral lesions (52).

The signal intensity of the interface between
normal bone and an osteochondral fragment has
received attention in the MR imaging literature
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(48,51,52). Hypointensity of the interface with
T2-weighted pulse sequences indicates healing
and stability, whereas hyperintensity may indi-
cate fluid interposed between the fragment and
the donor site and, therefore, instability (Fig 37).
A potential pitfall is hyperintensity at the interface
related to healing granulation tissue. In such cases,
intraarticular injection of gadolinium-based con-
trast material may be helpful. Contrast material
interposed between the fragment and the donor
site indicates lack of healing and instability. Con-
versely, if no contrast material is seen at the inter-
face, healing and stability of the fragment with an
intact cartilage are expected.

The signal intensity of the fragment itself is also
significant. Low signal intensity with all pulse se-
quences indicates necrosis, whereas hyperintensity
on T1-weighted images indicates viable bone mar-
row (52,53). Viability can be further assessed by
means of intravenous injection of gadolinium-
based contrast material with fat-suppressed, T1-
weighted pulse sequences. Enhancement of the
bone marrow of the fragment indicates viable tis-
sue, whereas lack of enhancement indicates non-
viable tissue.

Osteonecrosis
Osteonecrosis of the ankle and foot typically oc-
curs in the talus as a consequence of talar neck
fractures with vascular compromise of the bone
at the level of the sinus tarsi (54). Osteonecrosis

of the tarsal navicular bone can occur in children
(Kohler disease) and manifests radiographically
as sclerosis, irregularity, and fragmentation of the
bone. A form of osteonecrosis of the tarsal nav-
icular bone has also been described in adults
(Mueller-Weiss syndrome). It occurs more fre-
quently in women and is often bilateral. Defor-
mity and collapse begin in the lateral aspect of
the navicular bone and assume a comma-like
shape with subsequent superior protrusion of
the fragments (55).

Osteonecrosis of the ankle and foot region is
also frequently seen in the second metatarsal head
(Freiberg disease), with sclerosis and flattening of
the metatarsal head seen at conventional radiogra-
phy, and in the first metatarsal sesamoid bone
(54). MR imaging is valuable in assessing the
presence, size, and fragment viability of posttrau-
matic osteonecrosis. Areas of inhomogeneous sig-
nal intensity surrounded by a hypointense band,
sometimes with a second band of high signal in-
tensity on T2-weighted images (double line sign),
are characteristic findings in osteonecrosis of the
femoral head before subchondral fracture and col-
lapse occur (56). These findings can also be seen in
posttraumatic osteonecrosis of the talus (Fig 38).

Osteonecrosis involving the head of the second
metatarsal, tarsal navicular, or sesamoid bone ex-
hibits MR imaging features somewhat different

Figure 38. Avascular necrosis of the talus. Sagittal
STIR MR image demonstrates serpentine areas of in-
creased signal intensity in the talus (arrows).

Figure 37. Unstable osteochondral lesion. Sagittal
STIR MR image reveals a talar, osteochondral lesion
with fluid-like signal intensity interposed between the
fragment and the donor site (arrow). Edema of the
subchondral talar bone marrow is also seen.
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from those described in osteonecrosis of the ta-
lus. Low signal intensity without an obvious de-
marcating interface is seen on both T1- and T2-
weighted images (Fig 39).

Transient Bone Marrow Edema
Transient bone marrow edema is usually seen in
the femoral head and neck (transient osteoporosis
of the hip) but can also involve the tarsal bones as
part of the syndrome of transient migratory osteo-
porosis (57). Only anecdotal cases of this entity in-
volving the tarsal bones have been described at MR
imaging, which demonstrated changes compatible
with bone marrow edema, with ill-defined areas of
low signal intensity on T1-weighted images and
high signal intensity on T2-weighted images.

Compressive Neuropathies
The most common compressive neuropathies of
the ankle and foot are tarsal tunnel syndrome and
Morton neuroma. Less frequently seen compres-
sive neuropathies include deep and superficial
peroneal nerve entrapment syndromes and sural
nerve entrapment syndrome.

Tarsal Tunnel Syndrome
Tarsal tunnel syndrome is characterized by pain
and paresthesia in the plantar aspect of the foot

and toes (58). This syndrome is most frequently
unilateral, as opposed to carpal tunnel syndrome,
which is typically bilateral. Nerve entrapment or
compression can occur at the level of the poste-
rior tibial nerve or its branches (medial calcaneal
nerve, lateral plantar nerve, medial plantar nerve),
producing different symptoms depending on the
site of compression (Fig 40) (58). Intrinsic and ex-
trinsic causes of posterior tibial nerve compression
have been identified. Intrinsic lesions that often
produce tarsal tunnel syndrome include accessory
muscles, ganglion cysts, neurogenic tumors, vari-
cose veins, lipomas, synovial hypertrophy, and
scar tissue. Foot deformities, hypertrophic and ac-
cessory muscles, accessory ossicle (os trigonum),
and excessive pronation during participation in
some sports are just a few of the extrinsic causes
of this syndrome (58). In about 50% of cases, the
cause of tarsal tunnel syndrome cannot be identi-
fied. Relief of symptoms following retinacular re-
lease is frequently seen in these idiopathic cases.

At clinical examination, patients present with
insidious onset of pain, paresthesia, and a tingling
or burning sensation as well as positive Tinnel
sign along the plantar and medial aspects of the
foot and great toe. The heel is often spared. Pain
is exacerbated with exercise, possibly due to ve-
nous engorgement. Electromyographic findings
are positive in most cases, but in the early stages
of the disease they may be falsely negative (58).

Figure 39. Freiberg disease. Oblique axial T2-
weighted MR image of the foot demonstrates a
focus of decreased signal intensity in the head of
the second metatarsal (arrow). (Reprinted, with
permission, from reference 4.)

Figure 40. Tarsal tunnel syndrome secondary
to ganglion cyst. Axial T2-weighted MR image
reveals a ganglion cyst (*) interposed between
the flexor digitorum longus (d) and flexor hallu-
cis longus (h) tendons and abutting the adjacent
neurovascular bundle (arrow).
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MR imaging has been shown to be useful in the
preoperative assessment of mass-occupying le-
sions within the tarsal tunnel.

Morton Neuroma
Morton neuroma (interdigital neuroma) is actu-
ally a fibrosing degenerative process produced by
compression of a plantar digital nerve. The con-
dition has a female predilection and is frequently
seen between the heads of the third and fourth
metatarsals, although all web spaces may be in-
volved. The nerve becomes thickened, and asso-
ciated bursitis is often present. Exquisite tender-
ness is elicited on lateral compression of the meta-
tarsals. The pain can radiate to the toes and may
be accompanied by numbness (59).

Radiographic evaluation of the foot is gener-
ally not helpful. However, MR imaging has
proved highly accurate in the diagnosis of Mor-
ton neuroma, which manifests as a dumbbell-
shaped mass located between the metatarsal heads
and having intermediate to low signal intensity on
both T1- and T2-weighted images (Fig 41). T1-
weighted sequences are probably more helpful be-
cause the hypointense neuroma is made more
conspicuous by the surrounding hyperintense fat.
The low signal intensity of Morton neuroma is at-
tributed to the presence of fibrous tissue. Mild en-
hancement following intravenous injection of gad-
olinium-based contrast material has been de-
scribed in some cases (60). A homogeneously
hyperintense mass seen between the metatarsal

heads without plantar extension on a T2-weighted
image usually represents an intermetatarsal bursa
and should not be confused with a neuroma.

Synovial Disorders

Pigmented Villonodular Synovitis
Pigmented villonodular synovitis (PVNS) is char-
acterized by inflammatory proliferation of the syn-
ovium associated with deposits of hemosiderin.
It can be present in any joint, tendon sheath, or
bursa but is most frequently seen in the knee, hip,
ankle, and elbow. When it originates in the ten-
don sheaths, the term giant cell tumor of the tendon
sheaths is often used. In the foot, this lesion pre-
dominantly involves the peroneal and flexor ten-
don sheaths (61).

PVNS can occur at age 20–50 years and may
manifest as a focal mass or as a generalized lesion
involving the entire joint space. Pressure erosions
may be present in the diffuse form. These lesions
manifest clinically as joint pain and swelling of
long duration, and most are slowly progressive. At
pathologic analysis, PVNS is characterized by syn-
ovial inflammation with giant cell proliferation,
collagen, and lipid-laden macrophages. Treatment
of PVNS often consists of resection of the lesion.
However, a recurrence rate of 10%–20% is re-
ported in the focal forms and of up to 50% in the
diffuse forms (61).

Figure 41. Multiple Morton neuromas. Oblique co-
ronal T1-weighted (a), T2-weighted (b), and contrast-
enhanced fat-saturated T1-weighted (c) MR images of
the foot demonstrate low-signal-intensity masses in the
second and third intermetatarsal spaces (arrows). The
lesions do not demonstrate significantly increased signal
intensity on the T2-weighted image (b). However, there
is marked enhancement of the lesions on the contrast-
enhanced image (c).

a. b.

c.
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PVNS has characteristic MR imaging features
due to the paramagnetic effect of hemosiderin,
which produces focal areas of hypointensity with
all pulse sequences, mixed with hypointense ar-
eas on T1-weighted images and hyperintense ar-
eas on T2-weighted images (Fig 42) (61,62).
The short T2 relaxation times produced by he-
mosiderin in the tissues is better observed with
high-field-strength magnets. Occasionally, hyper-
intense areas may be seen within the lesion on
T1-weighted images owing to the presence of fat
or synovial hemorrhage. Occasionally, a low-sig-
nal-intensity rim is seen surrounding the lesion.
Joint effusion is often present, producing hypo-
intense areas on T1-weighted images and hyper-
intense areas on T2-weighted images.

Soft-Tissue Ganglion Cysts
Ganglion cysts are unilocular or multilocular cysts
consisting of mucoid material surrounded by a fi-
brous capsule. Ganglion cysts may communicate
with an adjacent joint or tendon sheath but may
also be a completely separate lesion. The most fre-
quent location is the wrist, followed by the ankle
and knee. In the ankle and foot, ganglion cysts are
seen most frequently in the dorsal aspect or in the
region of the sinus tarsi, where they can compress
the posterior tibial nerve (see Tarsal Tunnel Syn-
drome). Ganglion cysts typically occur in the 2nd
to 4th decades of life and manifest clinically as fo-
cal masses producing dull pain or limited motion.
Treatment consists of complete excision of the
ganglion cyst to prevent local recurrence (63).

MR imaging is being used extensively to evalu-
ate painful conditions of the ankle and foot, and
it is not unusual to find ganglion cysts when im-
aging a patient for nonspecific pain. Regardless
of anatomic location, ganglion cysts manifest at
MR imaging as homogeneously hypointense
masses on T1-weighted images and hyperintense
masses on T2-weighted images (Fig 40). Nor-
mally, they are rather well demarcated by their fi-
brous capsule, and their “tail” or extension into
an adjacent joint or tendon sheath (if present) is
usually well demonstrated at MR imaging due to
the multiplanar capabilities of this modality (63).
Lack of enhancement following intravenous ad-
ministration of gadolinium-based contrast mate-
rial aids in distinguishing ganglion cysts from
solid masses.

Inflammatory Arthritis
MR imaging has been used to evaluate patients
with different types of inflammatory arthritis and
can demonstrate abnormalities in the bones and
soft tissues before they become evident at con-
ventional radiography (Fig 43) (64). This is made
possible by the multiplanar capabilities of MR
imaging and its exquisite soft-tissue contrast
resolution, which allows early detection of bone
erosions and very small amounts of fluid in the
tendon sheaths, joints, and bursae as well as visu-
alization of pannus formation. Pannus is largely
composed of fibrous tissue, but at unenhanced
MR imaging it may have signal intensity charac-
teristics similar to those of joint fluid. Therefore,
gadolinium-enhanced imaging has been recom-
mended to determine the amount of pannus ex-
isting in a joint and to assess the response to ther-
apy (65). Following intravenous injection of con-
trast material, the normally hypervascular pannus
becomes hyperintense on T1-weighted images
while the adjacent joint fluid remains hypoin-
tense. Delayed enhancement of the joint fluid
due to diffusion of the contrast material from the
synovium to the joint space has been described;
therefore, it is recommended that imaging be per-
formed shortly after injection (65).

Chronic pannus may be accompanied by he-
mosiderin deposition due to repeated episodes of

Figure 42. PVNS. Sagittal T1-weighted MR
image reveals multiple low-signal-intensity nod-
ules within the tibiotalar joint (arrows) associ-
ated with articular surface erosion of both bones.
(Reprinted, with permission, from reference 4.)
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bleeding. It is identified at MR imaging by virtue
of the paramagnetic effect of hemosiderin, which
produces focal areas of hypointensity with T1-
and T2-weighted pulse sequences. The use of
heavily T2-weighted pulse sequences with repeti-
tion times over 2,000 msec and echo times be-
tween 110 and 130 msec has been recommended
to identify pannus without having to inject gado-
linium-based contrast material.

In patients with inflammatory arthritis, MR
imaging can also be used to better depict rup-
tures of the ligaments and tendons, bursitis, and
articular cartilage thinning as well as other less
common abnormalities such as rheumatoid nod-
ules, plantar fasciitis, and gouty tophi. In the re-
gion of the ankle and foot, the changes of inflam-
matory arthritis occur most frequently in the
metatarsophalangeal and subtalar joints. Synovial
proliferation in the region of the sinus tarsi may
produce sinus tarsi syndrome. During the acute
phase of inflammatory arthritis, signal intensity
abnormalities similar to those seen in bone mar-
row edema may be encountered. This is probably
related to hyperemia of the bone marrow adjacent
to an acutely inflamed joint (65).

Early articular cartilage erosions in inflamma-
tory arthritis may be difficult to identify with

conventional MR imaging sequences (eg, T1-
and T2-weighted sequences) because joint fluid
may have signal intensity characteristics similar
to those of adjacent cartilage. The erosion may
also be too small to be seen with 3–5-mm thick
sections. In such cases, it is recommended that
specialized sequences (eg, 3D gradient-echo T1-
weighted sequences, fat-suppressed sequences)
that allow excellent depiction of articular carti-
lage abnormalities be used.

Rheumatoid nodules may be seen in the feet
of patients with long-standing rheumatoid arthri-
tis and manifest clinically as painful soft-tissue
masses. At MR imaging, rheumatoid nodules
have a heterogeneous appearance with irregular
margins, probably indicating the presence of sur-
rounding fibrosis, and manifest as focal areas of
hyperintensity on T2-weighted images.

Crystal Deposition Disease
The MR imaging manifestations of gout include
bone erosion, inflammatory changes of the joint
(periarticular edema, bone marrow edema, joint
effusion, cartilage thinning, thickened synovium),

a. b.
Figure 43. Rheumatoid arthritis. Coronal T1-weighted (a) and sagittal STIR (b) MR images
show fluid and debris filling the sinus tarsi (*) as well as cysts and subchondral edema (arrows).
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and articular or periarticular nodules (tophi) (Fig
44). Lesions are particularly common in the first
metatarsophalangeal joint. Gouty tophi are char-
acteristically hypointense with T1- and T2-
weighted pulse sequences, perhaps due to their
fibrous composition and the presence of urate
crystals.

Hemophilic Arthropathy
Patients with hemophilia may develop severe,
disabling arthropathy with secondary foot defor-
mities such as talipes equinus, varus, or cavus
due to repeated episodes of hemarthrosis. The
ankle is the most frequently affected joint, usually
during the 2nd decade of life (66). Because of he-
mosiderin deposition in the hypertrophic syno-
vium, MR imaging will demonstrate intraarticu-
lar areas of signal loss in association with other

a. c.
Figure 44. Gout. Long-axis T1-weighted (a), short-axis T2-weighted (b), and contrast-en-
hanced fat-saturated T1-weighted (c) MR images demonstrate a tophus adjacent to the second
metatarsophalangeal joint (*) with low signal intensity on a and b and high signal intensity on c.
Note the presence of a second enhancing tophus in the first metatarsophalangeal joint in c. (Re-
printed, with permission, from reference 4.)

b.

signs of arthritis such as joint space narrowing,
cysts, erosions, and sclerosis (Fig 45) (66). These
findings are not specific and may also be seen in
PVNS, but in the proper clinical setting they sug-
gest hemophilic arthropathy. In severe cases, MR
imaging assessment of the degree of synovial hy-
pertrophy can be used to plan synovectomy. In
addition to PVNS and hemophilic arthropathy,
other joint conditions that may demonstrate in-
traarticular areas of hypointensity on T1- and
T2-weighted images include rheumatoid arthri-
tis, intraarticular hemangioma, gout, and amy-
loid arthropathy.

Miscellaneous Conditions

Diabetic Foot
MR imaging has been shown to be highly sensi-
tive in the detection and staging of a number of
musculoskeletal infections including cellulitis,
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soft-tissue abscesses, and osteomyelitis. MR im-
aging has greater specificity and better spatial
resolution than bone scintigraphy and also has
the capacity to provide a quicker diagnosis (67–
70).

The MR imaging manifestations of diabetic
foot depend on the type of lesion. Acute osteo-
myelitis demonstrates hypointensity of the bone
marrow on T1-weighted images and increased
signal intensity on T2-weighted and STIR im-
ages (Fig 46). In most patients with diabetic foot,
the onset of osteomyelitis is relatively acute, and
the signs of subacute or chronic osteomyelitis
(Brodie abscess, sequestra formation, cloacae)
may not be present.

Periostitis is frequently seen in acute osteomy-
elitis and can be identified at conventional radi-
ography in patients with either osteomyelitis or
neuroarthropathy. MR imaging is highly sensitive
in the detection of periostitis, and some reports
indicate that it may be more sensitive than con-
ventional radiography in this setting. This is prob-

ably because the periosteum is hypocellular and
is composed mainly of fibrous tissue that is hypo-
intense with all pulse sequences. The low-signal-
intensity periosteum is delineated by the hyperin-
tense inflammatory infiltrate that separates it from
the cortical bone and the adjacent soft tissues.
The MR imaging appearance of multiple tissue
layers each demonstrating different signal inten-
sity characteristics produces rather typical find-
ings in the oblique coronal planes (Fig 47) (68–
70). All of these findings can be observed very
early in acute osteomyelitis, probably within
hours of the onset of infection. In contrast, this
disease entity may take anywhere from a few days
to 2 weeks to appear on conventional radiographs
because of the delay in the radiographic appear-
ance of calcification.

The MR imaging manifestations of soft-tissue
infection also depend on the type of infection.
Soft-tissue abscesses, which are common in pa-
tients with diabetic foot, demonstrate fluid-like
signal intensity surrounded by a hypointense rim,

Figure 45. Hemophiliac arthropathy. Sagittal
T1-weighted MR image shows low-signal-inten-
sity areas anterior and posterior to the tibiotalar
joint (*) representing hemosiderin deposition in
the hypertrophic synovium due to repeated epi-
sodes of hemarthrosis. Note the similarity of these
findings with those seen in PVNS (cf Fig 42).
(Reprinted, with permission, from reference 4.)

Figure 46. Surgically proved osteomyelitis fol-
lowing penetrating trauma. Sagittal STIR MR
image reveals markedly increased signal intensity
of the fifth metatarsal head and proximal pha-
lanx (*) with mild joint effusion.
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Figures 47–49. (47) Diabetic foot in a patient who had undergone transmetatarsal amputation of the first meta-
tarsal. Long-axis T1-weighted MR image reveals recurrent osteomyelitis of the first metatarsal stump, decreased sig-
nal intensity within the bone marrow, periostitis (small straight arrows), and surrounding abscess (curved arrow).
Note also the presence of septic arthritis and osteomyelitis with bone destruction and periostitis of the second meta-
tarsophalangeal joint (large straight arrow). (48) Infected tenosynovitis in a diabetic foot. Oblique axial T2-weighted
MR image demonstrates fluid-distended synovial sheaths of the extensor digitorum and peroneal tendons (arrows).
(49) Neuroarthropathy in a diabetic foot. (a) Long-axis T1-weighted MR image shows decreased signal intensity
of the tarsal and proximal metatarsal bones. (b) Sagittal T2-weighted MR image demonstrates midfoot collapse and
low signal intensity of the bone marrow. Osteomyelitis would produce bone marrow edema with a hyperintense
appearance on T2-weighted images. (Figures 47–49 reprinted, with permission, from reference 4.)

49b.

47. 48. 49a.

which presumably represents the capsule of the
abscess. This capsule may be quite thick in
chronic abscesses. Sometimes, areas of low signal
intensity are seen within the abscess, probably
representing cellular debris. In contrast, cellulitis
demonstrates nonencapsulated abnormal signal
intensity that diffusely infiltrates the subcutane-
ous tissues and occasionally extends into the deep
fasciae (68–70). Synovitis involving the tendons
and joints of the ankle and foot is frequently seen
in diabetic patients. Fluid-like material is seen dis-
tending the tendon sheaths or within the joints
(Fig 48). This finding is important because distal
infection of the foot may extend proximally above
the ankle joint through the tendon sheaths. In
such cases, proximal images should be obtained
to properly assess the extent of infection, espe-
cially if amputation is contemplated.

Differentiation between neuroarthropathy and
infection may be difficult with any imaging tech-
nique (71). At MR imaging, neuroarthropathy
exhibits characteristic findings including bone
fragmentation, dislocations, cortical and peri-

osteal thickening, joint effusion, and soft-tissue
swelling. In most cases, the bone marrow appears
hypointense on both T1- and T2-weighted im-
ages (Fig 49). In osteomyelitis, on the other hand,
the bone marrow appears hypointense on T1-
weighted images and hyperintense on T2-weighted
images. In some circumstances, however, the bone
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Figure 50. Tear of the plantar fascia. Sagittal
T2*-weighted gradient-echo MR image demon-
strates discontinuity and intrasubstance tearing
at the calcaneal insertion site of the plantar fascia
(arrow). Note also the edematous subcutaneous
tissue (*).

marrow changes in neuroarthropathy and osteo-
myelitis are similar, making differentiation be-
tween the two entities difficult (71).

Intravenous injection of gadolinium-based con-
trast material can be used to increase the diagnos-
tic accuracy of MR imaging in soft-tissue and
bone infections. Soft-tissue abscesses are often
more conspicuous after contrast material injection.
Bone marrow enhancement is usually indicative of
osteomyelitis, although one should keep in mind
that enhancement of noninfected bone marrow
edema may occasionally occur. In some cases, the
use of fat-suppressed T2-weighted sequences can
obviate intravenous injection of gadolinium-based
agents (72).

Plantar Fasciitis
Plantar fasciitis is most likely related to repetitive
trauma and mechanical stress, which produce
microtears and inflammation of the fascia and
perifascial soft tissues. Plantar fasciitis is com-
mon in runners and obese patients (73,74). In-
flammation of the plantar fascia can produce heel
pain even in the absence of a traumatic event
(73). Patients with plantar fasciitis present with
pain at the origin of the plantar fascia. The pain
is exacerbated by dorsiflexion of the toes and is
more severe in the morning.

Lateral radiographs obtained in patients with
plantar fasciitis often demonstrate calcaneal spurs.
However, this finding is not specific because it
can be seen in about 25% of the asymptomatic
population. Bone scintigraphy may demonstrate
increased radiotracer uptake in the region of the
calcaneus, probably representing periosteal in-
flammation (73). MR imaging is useful in distin-
guishing plantar fasciitis from other causes of
heel pain and in excluding plantar fascia tears
(73,74). On sagittal and coronal MR images, the
normal plantar fascia appears as a thin, hypoin-
tense structure extending anteriorly from the cal-
caneal tuberosity. The plantar fascia has a normal
thickness of 3.22 mm ± 0.53 and flares slightly
at the calcaneal insertion. When inflammatory
changes take place, it becomes thickened (up to
7–8 mm) and demonstrates intermediate signal
intensity on T1-weighted and proton-density–
weighted images and hyperintensity on T2-
weighted images (Fig 50). These changes are
most prominent in the proximal portion of the
plantar fascia at or near its insertion on the calca-
neus. Signal intensity changes may also be pres-
ent in the subcutaneous fat, in the deep soft tis-
sues, and in the calcaneus near the fascial inser-
tion. Thickening is often fusiform, in contrast
with plantar fibromatosis, which demonstrates
focal, nodular thickening. Discontinuity of the fi-
bers of the plantar fascia, often with focal edema
and hemorrhage, is noted when a tear of the fas-
cia is present. Treatment of plantar fasciitis is ini-
tially conservative and includes orthotic therapy
and administration of nonsteroidal antiinflamma-
tory agents. In more severe cases, local injection
of steroids or resection of the fascia may be re-
quired. Persistent thickening of the plantar fascia
with morphologic and signal intensity alterations
at the entheses have been noted in asymptomatic
volunteers following fasciotomy (75).

Conclusions
MR imaging is the modality of choice for optimal
detection of most soft-tissue disorders of the ten-
dons, ligaments, and other soft-tissue structures
of the ankle and foot. This modality is also invalu-
able in the early detection and assessment of a
variety of osseous abnormalities seen in this ana-
tomic location.
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