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Abstract The aim of this study was to characterize the
magnetic resonance imaging (MRI) features of PVNS.
The radiographs and MR images of 23 pathologically
proven cases of PVNS were retrospectively reviewed,
with emphasis on MR images. There were 9 males and
14 females, mean age 36 years. Of 23 cases, 9 occurred in
the hip, 8 in the knee, 3 in the ankle, 2 in the elbow and 1
in the wrist. Typical MRI findings included variable
extent of nodular synovial proliferation, from mild
proliferation to extensive masses, joint effusion in all
cases, and multiple bony erosions in 15. Owing to the
tight joint space, bone involvement was frequently seen
in the hip, ankle, elbow and wrist. Although the knee
joint had a loose capsule, bone involvement was rarely
seen. Hemosiderin is a magnetic material, its deposit on
proliferative synovial tissue resulting in a spotty low
signal or extensive low signal area within the prolifera-
tive synovial masses on T1- (T1WI) and T2-weighted
(T2WI) images, best seen on fast field echo (FFE) se-
quence MRI images. Fat-suppressed sequences obscured
the deposit . This is diagnostic of PVNS. The MRI
features of PVNS include variable extent of synovial
proliferation, joint effusion and erosion of bone, and in
particular the deposit of hemosiderin within the synovial
masses. The deposit of hemosiderin, appearing as a low
signal area best seen on FFE sequence, is diagnostic for
PVNS.
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Introduction

Pigmented villonodular synovitis (PVNS) is now con-
sidered a joint inflammatory lesion of unknown etiology
[1, 2]. It is a relatively rare disease that has a predilection
for the lower extremities, particularly the knee and hip
[1, 2, 3, 4]. The radiographic features of PVNS have been
well documented in textbooks [1, 2] and articles [4, 5].
Soft tissue swelling within one joint typifies early PVNS
on radiography. Classically, multiple soft tissue masses
may be seen in underexposed radiographs: they may
appear dense, owing to the intense deposits of hemo-
siderin. Bone involvement may be seen in the later stages
[1, 2]. All of these radiographic features are non-specific,
which means they are difficult to differentiate from
simple synovitis; they may mimic tuberculosis or rheu-
matoid arthritis when bone erosion occurs. Further-
more, they may reveal normal X-rays in 32% of cases,
and in 54% of PVNS cases in the knee [2].

The histology of PVNS has been best described by
Jaffe et al [6]. The first stage, characterized by pigmen-
tation (hemosiderin) with villous transformation of the
synovial lining, is apparently caused by hyperplasia of
undifferentiated connective tissue. Hemosiderin itself
has ferromagnetic properties, which would be expected
to alter the MRI signal [4]. Indeed, early studies con-
firmed this observation, and this may help diagnose
PVNS [3, 4]. In general, MRI is superior to conventional
radiographs for depicting abnormalities of the joint, and
is able to depict the true extent of PVNS. For this paper
we retrospectively reviewed the radiographs and MRI
scans of 23 cases of PVNS, to assess the role of MRI in
its evaluation.

Materials and methods

From September 1998 to March 2003, 23 patients with patholog-
ically proven cases of PVNS underwent conventional radiography
and MRI examination in our department. Each case had frontal
and lateral X-rays of the involved joints. All MRI scans were
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performed with our Philips 1.0 T scanner. Various coils were used
according to the joint under examination. T1WI, T2WI, FFE and
fat-suppressed sequences were routinely acquired in one imaging
plane, with fewer sequences in the other two planes, depending on
the joint examined. Nine cases also had intravenous contrast
injection of 0.1 mmol/kg GD-DTPA, and contrast-enhanced T1WI
images were acquired in axial, coronal or/and sagittal planes.
Scanning required half an hour to 45 min to complete. All X-rays
and scans were retrospectively reviewed by two experienced mus-
culoskeletal radiologists (X.C. and H.Q.).

Results

The study subjects consisted of 14 females and 9 males,
with a mean age of 36 years, range 11–68 years. Of 23
cases, 9 occurred in the hip, 8 in the knee, 3 in the ankle,
2 in the elbow and 1 in the wrist.

The radiographic features of PVNS varied according
to which joint was involved. In the hip joint, the most
striking findings were multiple erosions in the subchon-
dral areas of the acetabulum and around the neck, seen

in all 9 cases; joint space narrowing was noticed in five
hips (Fig. 1a). The radiographic findings in the hip were
highly suggestive of PVNS, although non-specific. In the
knee joint swelling and effusion were usually seen,
commonly located in the Hoffa pad, suprapatellar re-
gion and posterior joint space (Fig. 2a). These findings
were non-specific, no different from joint swelling caused
by other pathologies. Bone involvement was not found
in the 8 knees of our series. Nodular masses were seen in
two elbows and one ankle, which were suggestive of
PVNS. Soft tissue masses were found in other two ankles
and one wrist.

Typical MRI findings included a variable extent of
nodular synovial proliferation, from mild proliferation
to extensive masses, with hemosiderin deposits in all
cases. The hemosiderin deposits on proliferative synovial
tissue resulted in a spotty low signal or extensive low
signal area within the proliferative synovial masses on
T1WI and T2WI, best seen on FFE sequence MRI
scans. Although fat-suppressed sequences MR images
showed proliferative synovial masses as very high signal,
they obscured the hemosiderin deposits. This was diag-
nostic for PVNS. MRI demonstrated multiple bony
erosions all cases except for 8 knees. Other findings
included bone marrow edema in 10 cases, mostly in the
hip, and joint effusion in 7 cases, mostly in the knee.
Enhancement was seen in the proliferative synovial
masses, however, GD-DTPA contrast-enhanced T1WI
did not help the diagnosis.

Fig. 1a–d Male, 33 years old. Pelvis X-ray (a), T1-weighted (b),
STIR (c) and FFE (d) coronal MRI images. X-ray showed multiple
bone erosions (arrows) in the femoral neck and intertrochanteric
regions and acetabulum of the right hip, with joint effusion (a). MR
images of the hip showed multiple bone erosions and soft tissue
masses around the joint (arrows b–d). Bone marrow edema on
STIR (arrow c) and very low signal of hemosiderin deposits in the
FFE images (arrows d)
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Discussion

Imaging plays an important role in the diagnosis of
PVNS, the radiographic features of which have been
well documented [1, 2]. Our radiographic findings were
consistent with those in the literature [1, 2, 5]. One
common finding of PVNS on radiography is the swelling
of the joint, as conventional radiography is insensitive to
differentiate effusion from synovial thickening and pro-

liferation; therefore, this finding is very non-specific and
can be found in many joint abnormalities. In the hip
joint, soft tissue masses and joint effusions are difficult to
appreciate, as the thick soft tissue is superimposed
around the hip joint. In the intermediate stage of PVNS
characteristic villonodular masses appear, and these
tend to coalesce, forming still larger masses. If multiple
nodular soft tissue masses around a joint are seen on
radiographs, particular if they appear dense owing to the
intense deposits of hemosiderin within the mass, PVNS
is highly likely. Unfortunately, these findings are rarely
seen in the hip and knee, where PVNS most commonly
occurs. Another important finding on radiography is
bone erosion. These osseous changes are the result of
pressure atrophy, the actual invasion of bone, or both.
Bone erosion is rarely seen in the knee, except in the later
stages: it is due to the large joint space of the knee,
whereas in the hip joint, owing to the tight joint space,

Fig. 2a–e Male, 30 years old. Lateral X-ray (a), T1-weighted (b),
T2-weighted (c), STIR (d) and FFE (e) of MR. X-ray showed soft
tissue masses in the posterior region of the knee joint without bone
involvement (arrow a). Sagittal MR images of the knee showed
nodular soft tissue masses in the Hoffa pad and the posterior region
of the knee joint without bone erosion (arrows b–e), intermediate
signal on T1- and T2-weighted scans (arrows b, c), high signal on
STIR (arrows d) and very low signal of hemoderin deposits in the
FFE images (arrow e)
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bone erosion is most commonly seen, as well as in the
ankle and elbow. The bone erosion in the subchondral
areas may be confused with other conditions, such as
cystic changes of degenerative osteoarthritis, rheuma-
toid arthritis and tuberculosis [1, 2, 5]. Careful obser-
vation of radiographs may help differentiate them.
PVNS is predominantly monoarticular, whereas rheu-
matoid arthritis involves multiple joints, particular the
hands and feet. Usually, except for these bone defects,
the remaining bone appears dense and healthy in tex-
ture, unless disuse atrophy ensues, whereas severe oste-
oporosis is commonly seen in rheumatoid arthritis. In
addition to subchondral cysts, clearly subchondral
sclerosis, joint space narrowing and osteophytes may
help differentiate osteoarthritis from PVNS.

MRI has superior tissue contrast, suitable for
depicting the synovial proliferation, joint effusion, bone
erosion and deposits of hemosiderin. In the early stage,
PVNS is characterized by pigmentation (hemosiderin)
with villous transformation of the synovial lining.
Hemosiderin, a magnetic material, is expected to alter
the MRI signal. In our series, deposits of hemosiderin
were observed in all cases, appearing as low signal areas
in T1WI and T2WI images. FFE is a gradient-recalled
echo sequence and is best to show the deposits of
hemosiderin, as noted by Lin et al. [4]. Our data also
confirmed Lin’s observation that the lesions all showed
diffuse increased signal intensity throughout, and ob-
scured the hemosiderin deposits on short inversion time
inversion recovery sequence, a fat-suppressed sequence
[4]. The deposits of hemosiderin vary markedly in
severity, from tiny low signal particles to large areas of
low signal. Although hemosiderin deposits in the soft
tissue are not exclusive for PVNS, they can be seen in
hematomas, giant cell tumors, and pseudoaneurysms as
the results of hemorrhage [7], but the combination of
hemosiderin deposits, villonodular soft tissue masses
and/or multiple bone erosion is highly diagnostic for
PVNS. Joint effusion, synovial thickening and soft tissue

masses are similar in density on radiographs, but they
can be easily differentiated with MRI. There is thick soft
tissue around the hip, which makes it difficult to show
the soft tissue abnormalities on radiographs, but MRI
can clearly show the soft tissue changes in the hip. In our
series 9 cases had contrast-enhanced MRI scans, but
these did not help the diagnosis.

In conclusion, our data clearly demonstrated that
MRI is very good in depicting the extent of PVNS, and
the combination of synovial proliferation, soft tissue
masses, deposits of hemosiderin and bone erosion
around the joint is highly diagnostic for PVNS. Contrast
enhancement is not necessary. Therefore, when PVNS is
suspected clinically or radiographically, MRI should be
prescribed.
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