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Pigmented villonodular synovitis
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Abstract: Pigmented villonodular synovitis (PVNS) is a benign disease that rarely undergoes malignant
transformation. There are two types of disease: localized (nodular tenosynovitis) and diffused (pigmented
villonodular synovitis/tenosynovitis) with intra- or extra-articular locations. The second one is limited to
synovium of the burse (PVNB) or tendon sheath (PVNTS). The intraarticular lesions are usually located in
the knee, hip, ankle and elbow joints. Histologically, PVNS is a tenosynovial giant cell tumor, characterized
by proliferation of two types of mononuclear cells — predominantly small, histiocyte-like cells and
larger cells with dense cytoplasm, reniform or lobulated nucleus, with accompanying multinucleated
giant cells and macrophages overloaded with hemosiderin that give typical image on MRI — currently
selected as a gold standard for its diagnosis. The classic X-ray and CT are non-specific but similar to
ultrasound should be used to evaluate disease progression and treatment response if radiotherapeutic
and pharmacological methods were selected for treatment. An open arthroscopic surgery could also be
applied in selected cases.
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diagnosis.
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Pigmented villonodular synovitis (PVNS) is a rare disease associated with a benign
proliferation of the synovial membrane, described for the first time in 1852 by
Edouard-Pierre-Marie Chassaignac (1804-1979) as a nodular damage of synovial
membrane. In 1941 Henry L. Jaffe (1896-1979) introduced a current classification
of the disease that contains intra- and extra-articular changes, including pigmented
villonodular synovitis (PVNS), bursitis (PVNB) and tenosynovitis (PVNTS), limited
to synovium of the joint capsules, bursas and or tendon sheaths, respectively [1].
Proliferation progresses gradually. It is usually monoarticular and 80% of the cases are
limited to the knee joint [2]. The process is benign however, a few cases of malignant
transformation were reported in literature [1, 3].

The etiology of the disease is unclear [4]. Generally, it is characterized by
a localized or diffuse growth of synovial villi with hemosiderin accumulation [3]. It
occurs as a localized or, more frequently, a diffuse form (80%) [5]. In both types,
histological features are similar, however, biological behavior, choice of treatment and
prognosis are different [4]. Diffuse form refers to large joints such as knee, hip, ankle
and elbow, respectively. It is rarely found in the small joints of the spine, hands or
feet, as well as the temporomandibular ones [1].

Epidemiology

PVNS is uncommon and in global scale it applies to 1,8 million people world-
wide [4, 6, 7]. Statistically, two new cases per million population are diagnosed
each year. Generally, it usually occurs in middle-aged people (between 2nd and 5th
decade of life) [2]. However, cases limited to the hip (15% of the total case number)
were observed between 2nd and 3rd decade [8]. The youngest reported patient was
a one-year-old child [6].

Etiology

The etiology of PVNS is unknown. It is thought to be associated with previous trauma,
intra-articular bleeding or chronic inflammation [2]. Chromosomal anomalies such as
trisomy 5 and 7 or monoclonality features were found [1, 2]. Lipid metabolic disorder
linked with local joint lipid abnormalities was also postulated [8].

Clinical manifestation

Clinical features of PVNS are ambiguous (Table 1). The main symptom is the escalated
pain of the joint with the disease advancement. It may be located in the knee or hip
areas, however, some patients complained about the pain in the groin. Chronic edema
which leads to limited joint movement and consequently its stiffness, is frequently
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noted. The soft tissue mass is rarely found but the disease may potentially affect local
muscles, bones, tendons and skin. The disease usually affects a single joint, however,
occurrence in many joints was also reported. It is mostly diagnosed in children who
reveal other abnormalities such as: vascular lesions, cherubism, multiple lentigines
syndrome, extremity lymphedema, Noonan syndrome and jaw lesions [2, 8].
The average period between occurrence of the disease and the appropriate diagnosis
was 4 years. Ambiguous radiological image, symptoms variability, and low intensity
pain at an initial stage of the disease result in a delayed diagnosis [2, 8, 9].

Table 1. Incidence of clinical manifestations in intra- and extra-articular forms of PVNS [1].

Intra-articular PVNS Extra-articular forms (PVNB, PVNTS)
Pain (79-90%) Mass of soft tissues (83-99%)
Oedema (72-79%) Pain (22-71%)
Joint dysfunction (26-28%), mass of soft tissues (6-19%) |Joint dysfunction and edema (0-4%)

Macroscopic and microscopic morphology

According to the current World Health Organization (WHO) classification, there are
two main types of the disease: tenosynovial giant cell tumor, localized type (synonym:
nodular tenosynovitis) and tenosynovial giant cell tumor, diffuse type (synonym:
pigmented villonodular synovitis/tenosynovitis). The first one is presented as a tumor of
usually 5-40 mm, well-circumscribed, encapsulated, lobulated, grey with yellow-brown
areas, while the second one is bigger (>50 mm), firm or spongy and multicolored [10].

On histological examination, localized PVNS is a well-separated tumor surrounded
by a fibrous capsule [8]. Contrary to the above description, diffuse type of PVNSs are
not encapsulated and demonstrated infiltrative growth [1, 10]. The lesions are composed
of mixture of cells with different proportions (Fig. 1). There are two types of mono-
nuclear cells: small in size, histiocyte-like cells, which constitute the main cell tumor
composition and larger cells with pale or amphophilic cytoplasm and kidney-shaped or
lobulated nuclei with nucleoli. They are accompanied by multinucleated osteoclast-like
giant cells, foamy macrophages and hemosiderin-laden macrophages [3].

Among 20% of diffuse type of PVNS, giant cells are not observed which makes it
hard for the disease to be diagnosed. Mitotic activity is usually low — <10 mitoses per
10 HPF (high-power fields) [1, 8]. Necrosis is rare and in localized forms hyalinization
can be seen.

In immunohistochemical examinations larger mononuclear cells express calretinin
and can be positive for typical muscle marker — desmin. Smaller histiocyte-like cells
express CD68, CD163, and CD45, whereas multinuclear giant cells reveal osteoclast-type
expression profile, i.e. CD68, CD45 and tartrate-resistant acid phosphatase (TRAP) [10].
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C

Fig. 1. Pigmented villonodular synovitis, localized type. The lesion is composed of mixture of
mononuclear cells and scattered multinucleated osteoclast-like giant cells and hemosiderin-laden
macrophages (HE, objective magn. A — 10x; B-C — 20x).

It has to be stressed that diffuse intra-articular form of PVNS may resemble
various malignancies such as rhabdomyosarcoma, synovial sarcoma, or epithelioid
sarcoma. Therefore, in order to make a correct diagnosis, the results of histological
evaluation of the lesion has to be correlated with clinical symptoms and radiological
findings [8].
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Imaging morphology

Radiological examination plays an important role in a correct diagnosis, treatment
planning and monitoring of the PVNS. Major examination techniques include: X-ray
imaging, CT (computed tomography) and MRI (magnetic resonance imaging) [8].
A scintigraphy SPECT examination with the use of TI1-201 is rarely applied due to
its low specificity, lack of correlation with necrosis, lower dimensional resolution and
possibility to miss small changes [11].

Basic examination includes X-rays, however, it may be endangered with the lack of
deviation at an early stage of the disease. In further stages bone erosions, subchondral
cysts and bine loss can be observed [3, 8]. Diffuse intra-articular feature of PVNS
is commonly characterized by effusion and external bone erosion on both sides of
the joint, while the joint space initially remains undisturbed [1].

Bone erosions can be mainly found in the tight joints as it happens in hip,
shoulder, foot bone or elbow, whereas a knee joint is less susceptible to bone erosions
due to large capacity of the joint. Juxta-articular osteoporosis does not commonly
occur in an X-ray picture of PVNS [3, 12]. It is rather rare to find cases leading to
a complete bone and joint damage within the period of a few months [8]. Calcification
is not usually observed [1]. However, all changes are of little specificity and thus more
precise examination needs to be applied [13]. Osteolytic changes in hip joints need to
be differentiated from osteoarthrosis, where contrary to its bone changes referred to
PVNS, do not only result from external force but they are also linked with pressure
increase inside the joint caused by their mass extension [1, 3, 8].

There are two radiological classifications to assess PVNS stage: by Lequesne and
Gotelis (Table 2) [8].

Table 2. Radiological classification of PVNS stage based on classic X-rays findings, according to Lequesne
and Gotelis [8].

Stage Lequesne Gotelis
1 | “evocative” — vast subchondral cysts of a hip with photography without any
or without narrowing of the joint gap (62% among deviations (2% of cases)

the examined cases

2 | “pseudo-coxitis” — local narrowing of the joint gap in lytic changes, however, without
the area of the load, with deep bone erosion of the head the narrowing of the joint cavity
and/or the acetabulum with possible occurrence of (found in 47% of cases)

subchondral cysts outside the affected area??? (in 16% of
patients examined)

3 | “pseudo-coxarthritis” — advanced narrowing of the joint |large lytic lesion which leads to
gap due to the expansion of subchondral cysts in 14% of the narrowing of the joint area
patients examined) (found among 51% of cases)
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In arthrography, a diffuse intra-articular form may reveal vast synovial thickening
with villus or nodular structures that extend into the joint. When referred to a local
intra-articular case, there appears a single tumor area of synovium. Sample of the fluid
taken before contrast appliance may be of blood-red color (69-75% of cases), yellow
(22-25%) or brown (9%) [1].

In most cases, the indicative modality applied in diagnosis is an ultrasound
(Fig. 2). It is not a peculiar examination but at least it allows to determine the nature

C

Fig. 2. Pigmented villonodular synovitis, localized type in the tendon sheath of the index. Lineal (A, B)
and ultrasound convex transducer, with (A) and without Doppler (B, C).
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of the mass — in terms of fluid or a solid [2]. Such method of examination may
help to confirm the effusion in the joint and hypoechogenic thickening of synovial
membrane, external erosion of the bone underneath, whereas in Doppler examination
a high degree of vessel structure can be observed [3]. However, significant neo-
vascularisation, mild arteriovenous shunting and tumor blush, which may resemble
malignant neoplasm, were previously confirmed in angiography. In advanced
cases CT is applied. Usually, it can show only joint effusion and hypertrophic synovial
membrane occurs as tissue mass which, due to hemosiderin occurrence, can be more
hyperdensive compared with neighboring muscles [1]. CT examination is much less
efficient to carry out a detailed study of synovial membrane and soft tissues, even
though its significant advantage is the opportunity to perform CT-guided biopsy
of synovium and following to establish a proper diagnosis. The examination allows
a precise analysis of subchondral cysts occurrence and to diagnose minor bone
erosions which cannot be visible in X-ray picture [8]. In case of PVNS referred
to temporomandibular joint, CT examination can be helpful in assessment of
mandibular condyle and a temporal bone. Moreover, the examination may help with
differential diagnosis with other changes which may be located in the same area,
such as chondrosarcoma or synovial chondromatosis [14]. In comparison to MRI
examination, the range of changes is not so well-visible due to rather restricted contrast
division [1].

Currently, MRI is the golden standard in PVNS diagnosing [8]. By its precise
localization, range of the changes and assessment of other structures, such as tendon
sheath and ligaments, it allows the accurate assessment before the surgery and
prevents from impartial tumor resection which leads to the disease recurrence [2, 4].
Moreover, it most accurately assesses effectiveness of the treatment, allows the
continuous control in case of the disease recurrence and reveals any post-surgery
aseptic necrosis [8]. The examination can detect synovial membrane and soft tissue
growth with hemosiderin sedimentation and bone erosion [15]. MRI examination
should include T1-weighted sequences with or without contrast enhancement as
well as T2-weighted sequences with and without fat saturation [8]. A characteristic
feature in recognition of typical changes for PVNS confirms a low signal in
both sequences but especially in T2, which results from paramagnetic activity of
hemosiderin (Table 3) [4, 8, 9, 11, 14, 16-19]. An intermediate signal may be detected
if the amount of hemosiderin found in tissue mass is rather low [17]. There can be
observed a reactive joint effusion which may manifest as an intermediate signal on
T1- and a high signal on T2-weighted images (Fig. 3). Once an increase is detected,
it is mostly linked with an inflammation and increased number of blood vessels of
synovium [14]. The signal characteristics does not differ depending on the location
of the examined change [11].
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Table 3. MRI finding in PVS patients [3, 14].

T1 low to intermediate signal

T1 C+ (Gd) |changeable enhancement

T2 low to intermediate signal, infrequently the area of high signal — probably due to joint
fluid occurrence or inflammation

STIR high signal

GE low signal and may demonstrate blooming — very useful option in diagnosing and

differentiating PVNS

Fig. 3. Pigmented villonodular synovitis, localized type of the knee join. Sagittal (A, C, E) and axial
images (B, D, F) in T2- (A), T1-weighted (B, C) and T1-weighted with fat saturation (D) and T2-weighted
with fat saturation (E, F).
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Various pathological conditions should be included in differential diagno-

sis [17, 20-27]:

— synovial chondromatosis — radiographs: intra-articular calcifications (70-95% of
cases) of similar size and shape, typical “ring-and-arc” chondroid mineralization,
extrinsic erosion of bone (20-50% of cases). MRI — T1: low to intermediate
signal, T2: high signal, echo gradient: may reveal blooming artifact

— rhabdomyosarcoma — X-ray examination: calcification in tumor mass, metastases,
bone defects. In MRI — T1 — low to intermediate signal, T2 — high signal,
T1 ¢ (Gd) — shows significant reinforcement

— fibroma of tendon sheath — MRI: T1 — evenly low, T2 — evenly low, STIR low,
an increase after applying contrast

— synovial sarcoma — MRI: T1 — izo- or slightly hyperintensive, T2 — hyperin-
tensive, various appearance of synovial cell sarcomas on fluid-sensitive sequences
is called “triple sign” and due to the tendency of synovial sarcoma to bleed,
there might be also areas of fluid-fluid levels called “bowl of grapes” T1 C (Gd)
— following reinforcement can be found — disseminated (40%), marginal type
(20%) or heterogenic (40%). Genetics — cytogenetic aberrations of translocation
t(X;18) (found even among 90% of cases)

— amyloid arthropathy — diversity mainly based on other organ symptoms,
histopathological examination, in X-ray examination changes which are similar to
PVNS may occur, in MRI examination: T1 — low to intermediate, T2 — low to
intermediate

— haemophilic arthropathy — more frequently juxta-articular osteoporosis occurs,
interview, clinical feature (idiopathic bleeding from various places), laboratory
examination, in X-ray picture symmetric loss of joint cartilage, apophyses; MRI
image is similar to PVNS

— lipoma arborescens — histopathologic examination (lack of large cells containing
hemosiderin residue), MRI examination: synovium masses, signal intensity
and structure similar to fat in all sequences, dampening signal in STIR, lack of
magnetic effect connected with hemosiderin

— rheumatoid arthritis — typical long clinical history and manifestation, laboratory
tests, image examinations: joint area osteoporosis, geodes, narrowing of the joint
cavity, muscular atrophy, fibroid or osseous adhesions.

=

Treatment

There are a few therapeutic options for patients with PVNS: surgery, radiotherapy,
pharmacology or a combined solution of the enumerated methods [1]. Basic therapy
is focused on elimination of lesions caused by the disease either by arthroscopic
method, or by an open surgery [2]. It allows pain relief and return of joint functions.
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A complete synovectomy is a desirable standard, which denotes a complete removal
of all pathological lesions. In some cases, especially in diffuse form of PVNS, it may
be difficult due to the risk of vessel and nerves damaging [28]. Open arthrotomy with
synovectomy increases probability of a complete resection of the lesion, but it still
requires immobilizing and longer recovery. A complete treatment is more probable
in the case of the localized forms (also when referred to PVNB or PVNTS). Thus,
a surgical procedure is the only fully sufficient method of treatment. Diffuse form
of the disease is much more complicated and may require an additional therapy
simultaneous with the surgical resection [1]. In lesions located in hip joint, application
of arthroscopy is limited, since local forms of PVNS are rare in that location [4].
Surgical treatment is the best solution, since it allows elimination of all pathological
lesions, including juxta-articular subchondral cysts. Replacement of subchondral
capsules by their homological or autologous cancellous decreases the risk of PVNS
recurrence. Generally, it is not advised to use arthroscopy in diffuse form of PVNS
due to a difficulty in assessment of the entire synovial membrane — and thus
a complete synovectomy cannot be obtained [5, 8].

A local recurrence after treatment was reported in 18-46% of patients [2]. How-
ever, in 8-56% of those cases an external beam radiation, radioactive synovectomy
or a surgery has been successfully applied [3, 4, 7]. In unique cases, it is necessary
to perform a complete alloplastic surgery of the entire knee joint [17]. A recurrence
may be linked with incomplete resection of satellite nodules in the area of initial
change and therefore MRI screening plays a significant role in their detection.
Among the factors which increase the risk of recurrence are the following: location
of the disease (more common in the knee due to the large capacity of the joint and
difficulty in performing complete synovectomy), history of previous surgeries and
positive surgical margins [1].

Radiotherapy may be used as a supplement of a surgical treatment, especially in
diffuse forms, incomplete resection and recurrence [4, 9]. Radiation doses of 20-50 Gy
are supplied in 15-25 fractions, starting with the period of 6-8 weeks following
the surgery [1]. Treatment may also include intra-articular injection of radioactive
isotope. There are a few isotopes in use, they all have similar features — they emit
beta radiation. Such procedure is ambulatory, and the injection can be supported
by a steroid to decrease inflammation, which may be caused by treatment itself. To
confirm the needle position before isotope injection, arthrography is used. Clinical
results are often satisfactory and intra-articular radiosynovectomy has an excellent
safety profile, especially when administered in large joints [1, 7, 9, 28]. However, in
a single case of the examination after applying yttrium (Y-90) in ankle joints, skin
ulceration occurred, which required surgical intervention [29].

Nowadays, a treatment with anti-TNF (tumor necrosis factor) antibodies has been
also suggested. After applying monoclonal antibody (infliximab), there was a gradual
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improvement in clinical symptoms, decrease of pain and thus avoided or delayed bone
and joint destruction. Among patients who were treated with this method, despite minor
changes in MR examination after applying medicine, histopathological examination
confirms a significant decrease in number of synovial membrane macrophages [1, 29].
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