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Abstract. The magnetic resonance imaging (MRI) scans
of 26 patients with histopathologically proven pigment-
ed villonodular synovitis (PVNS), involving joints but
excluding tendon sheaths, were reviewed retrospectively.
The purpose of this study is to define the spectrum and
frequency of MRI characteristics for PVNS using con-
ventional spin echo (in two cases before and after intra-
venous administration of gadopentate dimeglumine) and
also gradient echo techniques. A cystic variety is pre-
sented, the MRI appearances of which have not been
found in a review of the literature.

Key words: Pigmented villonodular synovitis — Magnet-
ic resonance — Cystic arthropathy

“Pigmented villonodular synovitis” (PVNS), “bursitis,”
and “tenosynovitis” are designations coined by Jaffe et
al. [1]in 1941 to encompass a host of descriptive terms
(“xanthoma,” “giant cell tumor,” “xanthogranuloma’)
previously used to describe an uncommon synovial pro-
liferative lesion which may atfect tendon sheaths, less
commonly joints, and rarely bursae. As the name im-
plies, the proliferation may be either villous or nodular
or a combination of the two. The most frequent presenta-
tion is a nodular variety commonly seen in the tendon
sheaths, principally on the volar aspect of the phalanges,
which almost universally is well circumscribed, affect-
ing only a small area of the synovium. This variety is
also referred to as “giant cell tumor of tendon sheath”
(GCT), due to the presence of numerous multinucleated
giant cells, or as “localized nodular tenosynovitis.” The
present article concentrates on the less common ar-
thropathy, which usually affects the knee, hip, ankle,
glenohumeral, and elbow joints, in descending order of
frequency [2].
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There are several well-recognized characteristics of
PVNS as seen on magnetic resonance imaging (MRI),
including: low signal on both TI- and T2-weighted im-
ages due to hemosiderin deposition and thick fibrous tis-
sue, presence of “fat” signal within the mass due to
clumps of lipid laden macrophages, hyperplastic syno-
vium, bone erosions in those joints with insufficient in-
tra-articular space for outward proliferation of the syno-
vium (particularly the hip), and preservation of bone
density as well as joint space [3-9]. We evaluated 26 pa-
tients with PVNS arthropathy to determine the frequency
of these characteristics, identity cystic change within the
proliferative mass, and observe signal characteristics
with various spin and gradient echo sequences using dif-
fering main field strengths as well as intravenous gado-
lintum enhancement, the use of which is mentioned in
only one previous report [ 10].

Materials and methods

We reviewed the MRI scans and other imaging studies that were
available for 26 patients (13 men, 13 women; age range 13-68
years; average age 39 years), all with histopathologically proven
PVNS, from the teaching museum at the Veterans Hospital in San
Diego. The joints involved were 20 knees, 2 hips, | talonavicular
joint, 1 proximal tibiofibular joint, | lumbar facet joint, and |
trapeziometacarpal joint. A total of 111 MRI scquences were re-
viewed — 31 Ti-weighted (TR/TE: 1000-499/80-50), 29 proton-
density-weighted (TR/TE: 3100-1200/40-15), 33 T2-weighted
(TR/TE. 3100-1200/120-60), 3 Tl-weighted following intrave-
nous administration of gadopentate dimeglumine (Gd-DTPA),
(TR/TE: 886-18/15-4.6), and 15 with various gradient echo se-
quences (TR 1000-75, TE 25-10, flip angle 5°~180°) — with ref-
erence to:

1. Presence of bony erosions.

2. Localized or diffuse nature of the mass.

3. Overall signal intensity of the synovial mass with respect to
muscle. Presence of a synovial mass “capsule,” septations, and
clumps of tissue within the mass and their relative signal intensity.
4. Degree of heterogeneity of the synovial mass.

5. Presence of edema, either in the bones or the surrounding soft
tissues.

6. Continuity of the adjacent joint cartilage.
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7. Presence of focal fluid collections (cysts) within the synovial
mass.

8. Clarity of the margins of the synovial mass.

9. Presence of a joint effusion.

Scans were obtained at the following field strengths (tesla): 0.3,
0.35, 0.5, 1.0, 1.5. Comparison was made between the different
field strengths to assess the effect this would have on image con-
trast, in particular with reference to magnetic susceptibility of
hemosiderin. Scans were reviewed in an unblinded fashion. One
of the 26 patients has previously been presented in the literature in
a case report [11].

Results
The results of the investigation were as follows:

Bone erosions/subchondral synovial tissue or cysts:
These were detected in 12 of the 20 knees (Fig. 1), both
hips, the lumbar facet joint, and the proximal tibiofibular
joint, but not in the ankle or trapeziometacarpal joint. In
all patients, the main determining factor for ease of ero-
sion visibility was the scan plane rather than the se-
quence used.

Localized or diffuse nature of the mass. Of the 20 knees,
14 had diffuse synovial proliferation, 4 localized, and in
2 the image was equivocal. In the other joints, it was not
possible to ascertain by which of the two mechanisms the
proliferation started, because the joint was full of “tu-
mor” due to the restricted space within the joint.

Overall signal intensity of the synovial mass with respect
to muscle. Presence of a synovial mass “capsule”, sep-
tations, and clumps of tissue within the mass and their
relative signal intensity: The overall signal intensity of
the synovial mass was decreased with gradient echo se-
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Fig. 1. A Frontal plain roentgenogram of the knee to demonstrate erosions. B Corresponding

coronal T1-weighted (TR 1000, TE 40) magnetic resonance (MR) image demonstrating the
bone erosions. (Courtesy of T. Cope, M.D., San Diego, California, USA)

Fig. 2. Sagittal gradient echo image (TR 1000, TE 15, flip angle 90°, MPGR acquisition) of
the knee showing the low signal seen due to the paramagnetic effect of hemosiderin.
(Courtesy of M. Schweitzer, M.D., Philadelphia, Pennsylvania, USA)

quences (Fig. 2), in comparison with the other sequences
in which generally the mass showed either decreased or
the same signal as that of muscle and only occasionally
exhibited increased intensity.

On approximately half of the 111 sequences, the pro-
cess demonstrated a capsule around some of its borders
that was of decreased signal intensity compared to mus-
cle (Fig. 3). Only 2 showed increased signal intensity,
and in approximately half, a capsule was not visible or
was of the same signal as muscle. There were no great
differences among the sequences with respect to these
findings. Approximately two-thirds of the sequences
showed septa of decreased signal (Fig. 4) and in one-
third septa were not visible. A few sequences demon-
strated septa of increased signal intensity or a mixture of
increased and decreased intensity. The gradient echo se-
quences showed more septa of decreased intensity. The
synovial mass contained many focal clumps of tissue of
differing signal intensities; generally these were of de-
creased signal intensity (Fig.5), or a mixture of in-
creased and decreased intensity (Fig. 6). The gradient
echo images had proportionally more low signal in the
clumps. With regard to individual patients, a capsule,
septa, or clumps were visible on some sequences and not
others, and showed variability in signal intensity be-
tween sequences.

Heterogeneity of the mass: Using a scale of 0 (homoge-
neous) to 3 (very heterogeneous), the overall signal from
the synovial mass was assessed. The enhanced T1-
weighted images produced the greatest overall tissue het-
erogeneity, followed by, in decreasing order, the gradient
echo, T2, proton density and T1 images. The expected in-
crease in heterogeneity of the synovial mass with increas-
ing field strength was not observed; indeed, comparing
the two large groups, the mean of the 0.5-tesla group was
1.7 and that of the 1.5-tesla group 1.5.
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Edema:Edema was seen in six patients, either in the bone
adjacent to an ergston or in the nearby soft tissues (T1-
weighted, five sequences; T2-weighted, three sequences).
All patients with detectable edema had prominent ero-
sions, subchondral synovial tissue, or cysts.

Cartilaginous defects: Although specific cartilage se-
quences were not used, 53 sequences showed no cartilage
defects and in 16 the cartilage was not fully visualized.
Twenty-nine sequences (8 patients) showed focal defects.
In any particular patient, if a focal cartilage defect was
present, it was visible on nearly all sequences. All of
these patients had erosions. Thirteen sequences demon-
strated generalized cartilage thinning, but the average pa-
tient age in this subset was 57 years.

Presence of focal fluid collections (cysts): Eleven pa-
tients had cysts within the synovial proliferation, and sev-
en of these also had effusions. Although such cysts could
represent joint fluid that has become encysted, two mass-
es appeared distinctly cystic (Figs. 7, 8).

Clarity of margins: Eighty-one sequences showed clear
margins and the rest were obscure. There was no observ-
able difference among the various sequences.

Effusion: Fluid was detectable in 19 of the 20 knees and
the ankle but not in any of the other joints.

Fig. 3. Example of the low signal
seen 1o the capsule of
approximately half the sequences
(sagittal image, knee, TR 2100, TE
80). (Courtesy of E. Cordasco,
M.D., New York, New York, USA)

Fig. 4. Example of the low signal
seen in the septa (arrow) of
approximately two-thirds of the
sequences (coronal image, knee,
TR 2700, TE 19). (Courtesy of G.
Greenway, M.D., Dallas, Texas,
USA)

Fig. 5. Gradient echo image
showing the low-signal clumps
produced by signal dropout with
hemosiderin (coronal image, knee,
TR 75, TE 15, flip angle 107).
(Courtesy of A. Newberg, M.D.,
Newton, Massacheusetts, USA)

Fig. 6. Mixed clurmps of high and low signal due to lipid and
hemosiderin respectively (sagittal image, knee, TR 417, TE 11).
(Courtesy of G. Greenway, M.D., Dallas, Texas, USA)

Fig. 7. Example of a principally cystic mass (sagittal image, knee,
TR 2000, TE 100). (Courtesy of R. Stiles, M.D., Atlanta, Georgia,
USA)

Fig. 8. Example of a principally cystic mass (sagittal image, knee,
TR 3100, TE 80). (Courtesy of A. Newberg, M.D., Newton,
Massacheusetts, USA)

Findings following Gd-DTPA administration: Although
Gd-DTPA was employed in only two cases (three se-
quences), in these cases a notable increase in overall het-
erogeneity was observed and a trend towards an increase
in overall, capsule, and septae signal intensity was seen.

Discussion

Due to the nature of the film museum, which represents
many cases from outside hospitals, several of the se-
quences were not complete but tended to represent the
films of interest, thus introducing potential sample bias
(49 complete, 62 incomplete). In addition, a wide variety
of pulse sequences was reviewed, hence statistical analy-
sis was not performed. With its high resolution and ex-
cellent soft tissue contrast, MRI has become the imaging
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method of choice for the diagnosis of soft tissue tumors
and synovial masses. Initial hopes that MRI would allow
specific diagnoses preoperatively have not been fulfilled,
except in regard to occasional lesions such as PVNS
[12-14], considered difficult to diagnose by computed
tomography (CT) [15], although some reports indicate
no clear advantage of MRI over CT in defining synovial
lesions [16].

A review of the literature shows that the synovial
mass of PVNS is usually grape-like [16] and heteroge-
neous [3, 11, 17], with an overall signal intensity that is
either isointense or decreased compared to that of mus-
cle [3, 12], or, occasionally, increased on T2-weighted
images due to edema [5, 14, 18]. However, we found
that the appearance varies widely, depending on the rela-
tive proportions of lipid, hemosiderin, fibrous stroma,
septation, pannus formation, fluid, cyst formation, and
cellular elements.

Usually dispersed within the proliferative mass are
clumps of hemosiderin, which has a paramagnetic (fer-
romagnetic [19]) effect, causing signal dropout. This
phenomenon is enhanced by high field strength [5, 19]
and T2* relaxation seen when gradient refocusing is
used (Figs. 2, 6), especially on heavily T2*-weighted
images. The reason for this was initially explained by
Gomori et al. [20] in an MR-study of developing brain
hematomas. These investigators found a ring of low sig-
nal intensity around the edge of the hematoma, corre-
sponding to hemosiderin deposition in macrophages.
This is caused by preferential T2 proton relaxation en-
hancement by the heterogeneity in the local magnetic
susceptibility, produced by the hemosiderin that was in
the ferric (Fe3+) state, and hence decreased T2 relaxation
in nearby water molecules, causing diminished signal.
The effect is proportional to the square of the magnetic
field and as such should be more pronounced at high
field strengths. However, signal dropout and hence over-
all heterogeneity did not increase with increasing field
strengths in our series, possibly reflecting decreased T1
tissue contrast at high field strength counteracting the
signal dropout due to the paramagnetic effect. Hypoin-
tensity may also be seen on T1-weighted images due to
this phenomenon if the T2 is shortened to a value lower
than the acquisition TE of the T1-weighted images, pro-
ducing a T2 effect on T1-weighted images. However,
sometimes no signal dropout is observed on any se-
quence [18].

Collections of lipid-laden macrophages (foam cells)
appear as focal areas of high signal with T1 weighting
and intermediate signal with T2 weighting, and these
collections occasionally may be dominant with regard to
signal intensity in the MR images.

Subdividing the lesion are septa, which probably re-
present the edges of individual nodules pushed together
and buried within the mass. These usually are of low sig-
nal intensity and may show signal dropout at high field
strength or on gradient echo images, due to a combina-
tion of both fibrosis and hemosiderin. The edge of the
lesion usually is well demarcated by a low signal inten-
sity capsule [5, 11, 17], again due to either fibrosis [5] or
hemosiderin [6].
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The previously reported incidences of bone erosions
about the knee in PVNS detectable by routine radiogra-
phy range from 26% [2] to 32% [21]. Our series showed
a 60% incidence of detectable erosions by MRI, which
may reflect increased sensitivity of this method. As in
previous series [8], the erosions contained a mixture of
fow and high signal intensity tissue on both T1- and T2-
weighted images, indicating not only fluid but other ele-
ments of synovial proliferation.

MRI findings in localized and diffuse PVNS may be
similar in many respects, reflecting the marked histolog-
ic overlap between the two varieties of lesion [10]. Al-
though the clarity of the margins with T2 imaging previ-
ously was thought to allow classification as localized or
diffuse [6], in two of our cases at the knee and all those
in other joints the images were equivocal on this point,
reflecting the fact that in tight joints, once the process
has reached a certain size its origins can no longer be as-
certained, and that within the knee a large lesion has the
same effect. The presence of an effusion aids in the dif-
ferentiation.

As in previous reports [8], most (19/20) of our pa-
tients with lesions in the knee had a joint effusion. Fluid
was not seen in tighter joints, probably reflecting elevat-
ed intra-articular pressure. The two patients who showed
a predominance of focal fluid collections within the pro-
liferative mass both had joint effusions. This finding
therefore may represent fluid that had become encysted,
as the mass grew in a fronded manner. Unlike other pa-
tients, who had the occasional cyst within the synovial
proliferation, the masses in these two were distinctly
cystic.

Prior to injection of Gd-DTPA intravenously, both
joint effusion and inflamed synovium show the same
signal intensity on both T1- (low) and T2- (high)
weighted images [22]. However, in a T1-weighted im-
age obtained immediately after the intravenous injec-
tion of Gd-DTPA, the synovium enhances, thus allow-
ing its differentiation from fluid. In one case report
[10], Gd-DTPA was thought to aid in the identification
of PVNS nodules and thus help in delineating the mass.
In our series, the enhanced T1-weighted images had the
greatest signal heterogeneity, thus helping to define the
lesions.

Apart from diagnosis, MRI also is useful in defining
the extent of disease [23], because the ligaments, ten-
dons, menisci, and cartilage are visualized in addition to
the lesion. A detailed map of the disease within the joint
is thus constructed [8]. Steinbach et al. [8] have illustrat-
ed the regular finding of involvement posterior to the
cruciate ligaments and in synovial cysts within the popli-
teal fossa in cases of PVNS. Hence treatment can be
both planned [6, 8, 17, 24] and monitored [6, 8, 25]. Ear-
lier diagnosis [6] may allow the choice of a less exten-
sive procedure [26]. The use of Gd-DTPA is thought to
be valuable in assessing surgical planning, by more fully
defining the lesion [10]. MRI can on occasions depict
PVNS which cannot be directly visualized at arthros-
copy [23], and as such should always be used when there
is a clinical suspicion of PVNS or a patient presents with
symptoms and signs of the condition.
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MRI has proven useful in defining the extent of recur-
rent disease following surgery [27] and in monitoring re-
gression with yttrium-90 silicate [28] therapy. As biopsy
in cases of PVNS may provide tissue containing young
stromal cells, suggesting the presence of a malignant
neoplasm (e.g., synovial sarcoma) [29], MRI prior to de-
finitive surgery is advisable.

Within the differential diagnosis for PVNS when im-
aged with MRI are several conditions. Synovial os-
teochondromatosis has a multiple target appearance with
low-signal-intensity peripheral rims and isointense or
signal-reflecting fat in the center. Rheumatoid arthritis
tends to show thinner synovial proliferation of more
even thickness, although it may occasionally be fronded
and contains less hemosiderin. Synovial sarcoma tends
to have a shorter T1 and longer T2 in comparison, and
signal dropout due to calcification may be observed. In
hemophilia there is an absence of fatty components due
to an absence of foam cells. Lipoma arborescens, on the
other hand, is markedly fatty and fronded and of more
intermediate signal, and may fill and expand the joint to
a greater degree.

Conclusions

The appearance of PVNS on MRI is not pathognomonic
but is strongly suggestive of the diagnosis if the typical
features are present. MRI may aid routine radiology in
the diagnosis of PVNS. Whatever the method of treat-
ment, MRI is useful in preoperative planning and post-
operative monitoring for recurrence. Awareness of the
variable MRI appearances of this condition may assist in
distinguishing it from other causes of monoarticular ar-
thritis, such as idiopathic synovial osteochondromatosis,
intracapsular osteoid osteoma, and septic arthritis.

A typical case of PVNS imaged with MRI is likely to
show: — Erosions, no matter which joint — A diffuse
mass in a loose joint capsule such as the knee — A heter-
ogeneous mass, possibly with a low-signal-intensity cap-
sule and probably low-signal-intensity septac and small
clumps of tissue with variable signal intensity

Occasionally bone marrow edema and focal cartilage
defects may be seen, but only when erosions are present.
The mass occasionally has a predominantly cystic ap-
pearance. An effusion is a regular finding.
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