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Objective: The purpose of this study was to characterize

the MRI and thallium-201 (201TI) scintigraphy attributes of

pigmented villonodular synovitis (PVNS) and giant cell

tumours of tendon sheaths (GCTTS). The epidemiology

of these uncommon lesions was also assessed and less

commonly encountered pathology reported on including

multifocality, necrosis and concurrent malignancy.

Methods: A retrospective single centre review of MRI and
201TI scintigraphy findings for 83 surgically proven or

biopsy-proven consecutive cases of PVNS was undertaken.

Radiological findings including lesion size, 201TI uptake (as

a marker of metabolic activity), location, extent and patient

demographics were correlated with biopsy and surgical

specimen histology. Typical appearances are described, as

well as less common imaging manifestations. The study

period encompassed all patients presenting or referred

to a tertiary bone and soft-tissue tumour referral centre

with PVNS or GCTTS between 1 January 2007 and the

1 December 2013.

Results: Lesions occur most commonly around the knee

joint in the fourth decade of life, with younger patients

showing a tendency to occur in the hip. Features of

PVNS and GTTS include bone erosion, ligamentous and

cartilage replacement, muscle infiltration and multi-

focality. MR signal characteristics were variable but

post-contrast enhancement was near-universal. 14

of 83 cases showed no uptake of 201TI and revealed

a statistically significant smaller average axial dimen-

sion of 19.8mm than lesions displaying active 201TI

uptake of 36.4mm, p50.016. Four lesions demon-

strated central necrosis on gross histology, two of each

from both the 201TI-avid and 201TI-non-avid groups.

Conclusion: MR is the imaging modality of choice when

considering the diagnosis of these uncommon tumours.
201TI scintigraphy as a marker of metabolic activity further

adds minimal value although small lesions can appear to

lack 201TI avidity.

Advances in knowledge: This article depicts typical

imaging findings of PVNS/GCTTS and also a subset of

lesions that demonstrate no uptake on metabolic func-

tional imaging, namely smaller sized lesions irrespective

of anatomical location. This represents an important

departure from previously documented imaging mani-

festations, whereby an absence of isotope accumulation

suggested exclusion of these lesions from the differential

diagnosis. These findings have important implications

when considering the diagnosis of these uncommon

lesions and may be important when interpreting post-

treatment response. We suggest that further investiga-

tion, for example, with MRI is valuable in order to clarify

potential post-treatment response, as well as the use of

alternate functional imaging modalities such as positron

emission tomography (PET), to further corroborate these

findings.

INTRODUCTION
Classically functional imaging such as thallium-201 (201TI)
scintigraphy has been advocated to assist the differentiation
between malignant and benign soft-tissue neoplasms.1

Increased isotope accumulation (Figures 1 and 2) has been
demonstrated for both pigmented villonodular synovitis
(PVNS) and giant cell tumours of tendon sheaths (GCTTS)
in both early and delayed phase imaging, which may mimic

malignant disease.1–3 Recurrent PVNS and GCTTS dem-
onstrate similar 201TI uptake patterns on early and delayed
phase sequences.4 It has been reported that lesions with
low isotope accumulation, suggesting low metabolic ac-
tivity, are highly unlikely to be PVNS or GCTTS.1 Despite
this, 201TI accumulation has been shown to be dependant
on the blood flow in the early “static scan” and isotope
accumulation to correlate with the size of the tumour,
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suggesting that smaller and less vascular lesions may not be as
well visualized with 201TI scintigraphy (Figure 3).5 Vascularity,
even in small lesions, can be well demonstrated with colour
Doppler ultrasound (Figure 4).

Although plain radiography is often performed early in the in-
vestigation of a lesion or pain that can be subsequently attrib-
uted to PVNS/GCTTS, MRI is the preferred imaging modality
for lesion characterization and anatomical definition. On both
T1 and T2 weighted MRI sequences, PVNS displays heteroge-
neous low-signal intensity relative to normal skeletal muscle,
owing to the high haemosiderin content in xanthoma cells, rich
collagen proliferation and a reduction in the T2 relaxation
time.6,7 Lesions may occasionally be isointense or slightly hy-
perintense to muscle on T1 weighted images secondary to the
presence of lipid-laden macrophages or haemorrhage.8 Such
hyperintensity as seen on T1 weighted sequences is regarded
as an uncommon finding.6 Generally, GCTTS will appear as
predominantly low-signal intensity on both T1 and T2 weighted
sequences.9,10 On T2 weighted sequences, these lesions may
appear homogeneous and of equivalent signal intensity to that of
the skeletal muscle whilst occasionally appearing inhomogeneous

and slightly hyperintense.9 A peripheral rim of low-signal intensity
(capsule) may be seen owing to haemosiderin deposition within
the synovium or fibrosis.8 For both PVNS and GCTTS, strong
enhancement is often seen with gadolinium-diethylenetriamine
penta-acetic acid–enhanced T1 weighted images.7 “Blooming ar-
tefact” (Figure 5) results from the magnetic susceptibility of hae-
mosiderin and is seen on T2* weighted gradient-echo sequences,
a phenomenon not as appreciable in differential lesions such as
synovial chondromatosis.7 This effect tends to be blunted with fat-
suppressed images and may not be present in immature lesions.11

A joint effusion is commonly seen in diffuse disease and bony
lesions/erosions (Figures 1, 6 and 7) appreciated most commonly
in the hip, ankle, elbow and wrist.11

For nodular and diffuse forms of PVNS, signal characteristics
are reported not to differ appreciably.12 At our institution, MRI
the preferred imaging modality for visualizing these lesions
both to exclude alternate pathology and plan biopsy and
surgery.

Whilst 201TI uptake in a diffuse nodular juxta-articular pattern
(Figure 2) is highly suggestive of PVNS,2 there is minimal

Figure 1. 40-year-old female with extensive pigmented villonodular synovitis (PVNS; surgical resection histology) of the right hip.

Coronal T1 weighted (a) and axial short tau inversion–recovery (b) MRI sequences reveal severe erosive disease because of the soft-

tissue mass (PVNS). Axial imaging reveals the extent of the femoral and acetabular erosion (arrow) and surrounding soft-tissue

infiltration. Thallium-201 (201TI) scintigraphy (c) shows retention at 4h and angiography (d) shows prominent vascularity of the tumour.
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literature available on nuclear medicine, including 201TI, fea-
tures of PVNS when considering lesion size, anatomical dis-
tribution, age and sex characteristics. This study aims to
clarify the pattern of 201TI uptake, as a surrogate for a meta-
bolically active lesion, to determine whether lesion uptake is
related to tumour size; and to compare the literature-reported
MRI findings with those found in this study cohort using both
experienced and non-experienced observers. Less commonly
encountered histological and imaging findings for PVNS and
GCTTS are also described.

METHODS AND MATERIALS
Approval for the study was gained via institutional research
ethics review committee. The study period encompassed all
patients, 139 in total, who presented to a tertiary orthopaedic
tumour referral centre, with a surgically proven or biopsy-
proven histological diagnosis of PVNS or GCTTS between the
first of January 2007 and the first of December 2013. A retro-
spective single-centre review of imaging findings was un-
dertaken. Localized radiological appearances including lesion
size, location, extent, MRI and 201TI scintigraphy (both studies
performed as a part of the referring orthopaedic tumour unit
workup) attributes were correlated with subject demographics as
well as biopsy and surgical specimen histology. Typical and less
common imaging manifestations were noted. Lesion measure-
ments and extent of 201TI uptake were reviewed and compared
with the contralateral side for both early (30min) and delayed
phase (4 h) single-photon emission CT (SPECT) sequences,
after the injection of 148MBq (4mCi) of 201TI. These were
performed predominantly on Siemens Symbia T6 and T16 g
cameras (Siemens, Hoffman Estates, IL) with low-energy, high-
resolution collimation on a 1283 128 matrix. MRI machines
included a Siemens 1.5-T Avanto and 1.5-T Symphony (Siemens
Healthcare Systems, Erlangen, Germany) and signal character-
istics were described as demonstrating diffuse enhancement,
peripheral enhancement or no enhancement for post-
gadolinium T1 contrast studies and signal intensity for T1 and
T2 weighted MRI sequences described as hyper-, hypo- or iso-
intense to that of the surrounding muscle. Two independent
reviewers, one musculoskeletal radiologist and one resident
measured lesions in the greatest axial diameter from the pre-
biopsy 201TI scan SPECT, which was available for 83 of the 139
subjects studied. Discrepancies were resolved by consensus for
MRI signal characteristics, and lesion size measurements were
averaged if they differed by ,10% and resolved by consensus if
they differed by .10%. Lesions were classified as focal if lo-
calized to one area of the synovium or as diffuse if most or all of
the synovium was involved when visualized using MRI. Statis-
tical analysis was performed using Microsoft® Excel® (Microsoft,
Redmond, WA), and standard deviations were calculated for the

Figure 2. 46-year-old male with pigmented villonodular synovitis

of the knee (surgically and biopsy proven). Thallium-201 (201TI)

scintigraphy at 4h reveals isotope uptake about the knee joint in

a juxta-aticular or synovial distribution.

Figure 3. 50-year-old female with biopsy-proven pigmented

villonodular synovitis of the right knee, which revealed

necrosis on histological examination. A focal lesion (a) is

noted posterior to the posterior cruciate ligament, which is

mildly hyperintense on axial fluid-sensitive sequencing

(arrow). Notably, minimal thallium uptake is demonstrated in

the right knee on delayed imaging (b).

Figure 4. 30-year-old female, colour Doppler ultrasound

(transverse) demonstrates a left ring finger giant cell tumour

of tendon sheaths with increased vascularity.
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201TI-avid and 201TI-non-avid sample groups. Interobserver
agreement was calculated using Cohen’s k equation and p-values
calculated using two-tailed, independent t-tests. Ages were cal-
culated at the time of biopsy or at the time of surgery if biopsy
was not available.

RESULTS
In terms of anatomical distribution of PVNS/GCTTS, in our
study cohort lesions predominantly occurred in the knee 55.4%
of the time, followed by the ankle, hip, toe, finger, foot, and wrist
(Table 1). PVNS affected females in 51% of the cases and males
in 49%. 62 lesions (45%) were identified as diffuse and 77 (55%)
as focal. Lesions identified as GCTTS comprised 8.6% of all
lesions and affected males and females equally. GCTTS was

found to occur most commonly in the extremities with the toe
being the most common site of occurrence (3.6%), followed by
the finger (2.2%), foot, ankle and hand (0.7%). Lesions affecting
the digits and wrist made up 10.8% of all lesions. Less common
sites of occurrence included in the “other” category (Table 1)
comprised the calf, elbow and pes anserinus, with only 2.1% of
all lesions.

When considering age at the time of biopsy, the most common
site of occurrence was the knee joint (55.4%) (Figures 2, 3 and
5) in the fourth decade of life (Table 2). The second most
common site of occurrence for all age groups was the ankle joint
(20.9%), except in the under-20 age group where the hip joint
was the second most commonly involved (20%) compared with
the ankle joint (10%). In the 20- to 29-year-old age group, the
hip was the third most common site of occurrence, whereas in
the remaining age groups, the third most common sites affected
were the extremities, primarily the digits and feet.

Figure 5. 53-year-old female with surgically proven pigmented villonodular synovitis of the right knee commencing above the level

of the knee and extending into the calf with the neurovascular bundle effaced posterolaterally. Blooming artefact (arrow) is

demonstrated on axial gradient-echo sequencing (a). Post-contrast T1 fat-saturation sagittal sequence shows marked synovial

thickening and an enhancing mass within the popliteal fossa (b).

Figure 6. 30-year-old female with surgically proven pig-

mented villonodular synovitis of the right ankle. MRI T1-post-

contrast fat saturation (a) and sagittal short tau inversion–

recovery (b) sequences reveal marked swelling around the

ankle joint, a well-defined anterior and posterior soft-tissue

lesion, which extends into the syndesmosis and involves the

anterior and posterior inferior tibiofibular ligaments, and

extends into the flexor tendon sheaths. Associated bony

erosion is also noted.

Figure 7. 55-year-old female with biopsy proven giant cell

tumours of tendon sheaths of the left first metatarsophalan-

geal joint. T1 weighted MRI reveals a hypointense soft-tissue

mass extending deep to the subdermis with severe bony

erosion, ligamentous and tendon involvement.
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Post-gadolinium contrast studies were most consistently agreed
upon in this study, with excellent correlation (K5 0.97) (Table 3).
T2 signal was described with moderately high correlation
(K5 0.54). T1 weighted signal sequences were the most difficult
to agree upon, with a lower level of, albeit still moderate, cor-
relation (K5 0.45).

T1, T2 and post-contrast imaging was available for a total of
123 cases. Lesions predominantly revealed T1 and T2 hypo-
intense signal 54% and 79% of the time, respectively, and
99% demonstrated post-gadolinium contrast enhancement.
Lesions were hyperintense 35% of the time on T1 weighted
imaging vs 20% on T2 weighted imaging. Post-contrast studies
revealed gadolinium contrast uptake almost universally, with
only 1% of all lesions demonstrating no appreciable en-
hancement. Of lesions demonstrating enhancement post con-
trast, 99% of these revealed diffuse enhancement, whereas 1%
enhanced in the periphery of the lesion only.

201TI-avid lesions (83% of the sample population) exhibited
a maximal axial diameter mean of 36.4mm and a range from
12.3 to 185mm. 201TI-non-avid lesions (17% of the sample
population) exhibited a maximal axial diameter mean of
19.8mm and a range from 6.8 to 45mm and were statistically

smaller than the 201TI-avid group with a p-value of 0.016 from
a two-sided t-test. Of 201TI-avid lesions, early and delayed
phase radiotracer uptake was universal. Of 201TI-non-avid
lesions, 86% demonstrated no uptake on both early and
delayed phase sequences. The remaining 14% demonstrated
early uptake only. A similar anatomical distribution was seen in
the 201TI-avid group as in the entire study population. The
201TI-non-avid group also demonstrated the knee as the most
common location but was slightly atypical with the hip
being the second most common location for lesions—a site
noted to be more commonly involved in the younger pop-
ulation (Table 4).

No statistically significant difference was found between the
201TI-avid and 201TI-non-avid groups when considering age at
the time of biopsy with a p-value of 0.35.

In the 201TI-non-avid group, two lesions displayed necrosis on
gross histological examination (14% of the sample). Both cases
were located at the knee joint and correlated with a history of
recent patient trauma (specifically hyperextension injuries). In
the 201TI-avid group, two lesions demonstrated infarction on
histological examination (comprising just 3% of the sample),
one occurring intra-articularly in the hip joint and the other in
the knee. Both these lesions demonstrated hyperintense signal
on T1 and T2 weighted MRI sequences. Contrast MRI studies
were not performed for either of the necrotic or infarcted
lesions.

Of interest, PVNS was found to occur concurrently with
chondrosarcoma on histological examination in a single patient.

DISCUSSION
Our findings support the current epidemiological distribution of
these lesions.13

The classic description of PVNS supports heterogeneous low
to isointense signal on both T1 and T2 weighted sequences,
although variable, and is generally determined by cellular
architecture. We also demonstrated predominantly hypo-
intense T1 and T2 signal (when compared with surrounding
normal muscle), with good interobserver correlation between

Table 1. Gender and average age per disease location

Location
Number of
lesions at site

% of lesions at site Male Female Male : female Average age (years)

Ankle 29 20.9 17 12 1.4 : 1 40

Foot 6 4.3 1 5 1 : 5 42

Hip 9 6.5 3 6 1 : 2 32

Knee 77 55.4 37 40 1 : 1 39

Wrist/phalanges 15 10.8 6 9 1 : 1.5 43

Other 3 2.1 3 0 3 : 0 50

Total 139 100 67 72

Lesions comprising the “other” category include calf, elbow, and pes anserinus.

Table 2. Anatomical lesion location according to age

Age
(years)

Total
number of
lesions (139)

Most
common
site (%)

Second most
common
site (%)

,20 10 Knee (60) Hip (20)

20–29 28 Knee (64) Ankle (21)

30–39 42 Knee (52) Ankle (24)

40–49 23 Knee (52) Ankle (17)

50–59 20 Knee (50) Ankle (25)

60–69 12 Knee (58) Ankle (17)

.70 4 Knee (50) Ankle (25)
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experienced and non-experienced observers. However, a sig-
nificant number of lesions did display hyperintense signal on
T2 weighted sequences, and up to one-third of cases displayed
hyperintensity on T1 weighted sequences. Diffuse post-
contrast enhancement was almost universally demonstrated.
T2 and post-contrast sequencing were most consistently
reported amongst the two observers, with T1 signal showing
the most variability, possibly due to the degree of hypo- or
hyperintensity being marginal or less appreciable than on T2

weighted sequences. MRI signal characteristics for PVNS and
GCTTS do not differ based on anatomical location or
distribution.

Lesion size was measured pre-biopsy using 201TI SPECT axial
images, where each reviewer measured the greatest axial di-
mension, and the values averaged for a single measurement
(.10% discrepancy was addressed by consensus). We ac-
knowledge that whilst this is a low-dose and lower spatial
resolution scan than a diagnostic CT scan or MRI, it was
available with axial images and for all patients, lending to
consistency and comparable measurements. One possible ex-
planation for the significantly smaller lesion size in the 201TI-
non-avid group (19.8 vs 36.4mm, p5 0.008) may relate to an
inability of SPECT to resolve uptake in smaller lesions. This
may also partly be attributable to reduced blood flow in smaller
lesions, thus precluding an adequate amount of isotope nec-
essary for sequestration before 201TI avidity can be visualized.
In a study by Sato et al5 who evaluated a series of benign and
malignant tumours of the head and neck; 201TI accumulation

was shown to be dependant on the blood flow in the early
“static scan” and isotope accumulation correlated with the size
of the tumour.

201TI-positive lesion distribution was representative of the whole
population, whereas 201TI-non-avid lesions showed a greater
tendency to occur at the hip. Two lesions did not demonstrate
201TI avidity but displayed necrosis on gross histological exam-
ination that further suggests the importance of blood flow to
visualization using 201TI SPECT. It should be noted that necrosis
is regarded as a rare finding in the literature—two cases each
of which we demonstrated in both 201TI-non-avid and 201TI-
positive groups.14

Given a lack of correlation with necrosis, negative uptake in
smaller lesions and inferior spatial resolution, this series dem-
onstrates that 201TI scintigraphy has a very limited role in
evaluating PVNS/GCTTS. MRI remains the preferred imaging
modality at St Vincent’s Hospital, Melbourne, VIC, given its
characteristic and consistent appearances and superior spatial
resolution. With rare potential for malignant transformation,
however (and concurrence with chondrosarcoma in a single case
in this study), we cannot advocate for the use of tissue sampling
to establish the diagnosis of PVNS/GCTTS unless dictated
clinically in accordance with the treating unit.

CONCLUSION
Lesions occur most commonly around the knee joint in the fourth
decade of life, with younger patients showing a tendency to occur

Table 3. Lesion appearance based on signal weighting and level of agreement between experienced and non-experienced observers
for all lesions visualized using MRI

MRI
sequence

Hypointense Hyperintense Isointense
Total number
of lesions (%)

Kappa
Level of
agreementNumber of

lesions (%)
%

agreement
Number of
lesions (%)

%
agreement

Number of
lesions (%)

%
agreement

T1 weighted
sequences

67 (54) 72 43 (35) 20 13 (11) 7 123 (100) 0.45
Low and
moderate

T2 weighted
sequences

97 (79) 96 25 (20) 60 1 (1) 0.9 123 (100) 0.54
High and
moderate

Post-contrast
sequences

1 (1) 0 86 (99) 98 0 0 87 (100) 0.97 Very good

Table 4. Thallium (201TI)-positive vs 201TI-non-avid lesions with respect to lesion size, location, atypical features and age at the time
of biopsy

201TI
avidity

Number
of

lesions

Average
maximal axial
size (mm)

Most common
location (cases,

% total)

Second most
common

location (cases,
% total)

Necrosis
cases

(% total)

Average age at
the time of

biopsy (years)

201TI
positive

69 36.4 Knee (39, 56%) Ankle (17, 25%) 2 (3%) 40

201TI
negative

14 19.8 Knee (7, 50%) Hip (4, 29%) 2 (14%) 43
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in the hip. MR is the imaging modality of choice demonstrating
generally lower T1 and T2 signal with post-contrast enhancement
and for which interobserver interpretation is very reliable between
experienced and non-experienced observers. 201TI scintigraphy
offers minimal additional value, and smaller lesions are more likely
to be non-avid.
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