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Abstract. Possibilities of ultrasonography in the diagnosis of pigmented villonodular synovitis. Clinical case.
Zhdan V.M., Ivanytskyi I.V., Babanina M.Y., Ivanytska T.A., Kitura Y.M., Volchenko H.V., Tkachenko M.V.,
Kyrian O.A., Lebid V.H. Pigmented villonodular synovitis is a rare proliferative disease of the synovial membrane,
which most often affects the knee joints. Being a benign disease, at the same time, this pathology is often aggressive, and
in some cases spreads to the soft tissues outside the joint. There are two forms of monoarticular damage: localized and
diffuse. The diffuse form gives frequent relapses. To date, there are no standards for the management of this disease, just
as there are no early markers for the detection of pigmented villonodular synovitis. This joint lesion has a long
asymptomatic course, or it has symptoms of non-specific recurrent arthritis, so the patients can later be referred for
magnetic resonance imaging, which is the only non-invasive method of diagnosing this pathology. At the same time, in
modern conditions, most patients with recurrent synovitis will undergo an ultrasound examination of the joint according
to the diagnostic standards. Ultrasonography made for abovementioned synovitis is insufficiently described in the medical
literature. The aim of our study was to highlight the current data on the diagnosis and management of patients with
pigmented villonodular synovitis and to describe our own clinical case. A feature of our clinical case was the detection
of characteristic symptoms using ultrasonography. Irregular thickening of the synovial membrane with nodular forma-
tions and villous growths, with the length of villi up to 7 mm near the patella with single loci of blood flow, was revealed
by ultrasound examination and power Doppler mapping. Shear wave elastometry of the synovial membrane was
performed. It demonstrated a significant increase in the stiffness of the synovial membrane, which can be a patho-
gnomonic symptom of this pathology. The diagnosis of villonodular synovitis was confirmed histologically after surgical
treatment. Subsequently, the patient had a recurrence of the pigmented villonodular synovitis, which was also detected
by ultrasound diagnostics. Thus, pigmented villonodular synovitis of the knee joint is a rather rare pathology that requires
differential diagnosis with inflammatory joint diseases. The final diagnosis is based on histological examination. MRI
and ultrasound diagnostics are non-invasive methods that can detect this pathology with high accuracy. The advantage
of ultrasonography is its availability and non-invasiveness. The increase in stiffness of the synovial membrane along with
its proliferation, which we found, can serve as an additional criterion of villonodular synovitis, and, according to the
data available to us, has not been described in the literature so far.

Pedepar. MoxkiMBOCTI yJbTPa3BYKOBOI JiarHOCTHKHM MIrMEHTHOI0 BUIOHOAYJAPHOro cuHoBiTy. Kainiunmii
punagok. Knaun B.M., IBannubkuii [.B., ba6anina M.IO., IBanunbka T.A., Kirypa €. M., Boauenko I'.B.,
Tradenko M.B., Kupbsu O.A., Jlebdins B.I'. [Ticuenmnuii inonodynapruii cunosim — piokiche nponighepamugne
3aX60pI0BANHA  CUHOBIANLHOI 0DONOHKY, sKe Hauyacmiuie ypagicae KOmiuHi cyenobu. Xoua ye 3axeoplo6aHHA €
000pOsKICHUM, Y MO Jice 4AC Ysl NAMONIO2IA YACMO € AzPeCUBHOI0, i 8 OESKUX BUNAOKAX NOWUPIOEMbCS HA M K] MKAHUHU
nosa cyanobom. Ha cb0200mi 6iocymmui cmanoapmu 6e0eHHs Yb020 3aX60PIOGANHSA, AK | HEMAE PAHHIX MAPKEPIB GUABICHHS
ni2MeHMHO20 GLIOHOOYIAPHO20 CUHOBIMY. Y CyuacHux ymosax Oinbuwiocmi nayicHmis 3 peyuougyouumM CUHOBIMOM 32I0HO
30 cmanoapmamu OdiacHocmuku 6yoe npogedeHe YIbMpaszeykose O00CHiOdceHHA cyenoba. Memoto pobomu 6y10
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MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

BUBHAYUMU MONCTUBOCE OIACHOCMUKU NIZMEHMHO20 GIIOHOOYIAPHO20 CUHOGIIMY 3a 00NOMO2010 YIbMPA38YKO8020
Oocniodicents cy2nobis, UHAUUMU NOKAZHUKU JHCOPCMKOCTI 2inepmpooeanoi cuHosianbHoi 06010HKY 6 nayienma 3
Yi€r namono2ier 3a 00NOMO20I0 3CYEHOXEUNLOBOL enaCTNOMempPIl ma BUHAYUMU MONCIUGICINb BUKOPUCTAHHS MemOo9y
3CYBHOXBUNLOBOL enacmomempii K 000amMK08020 Memoody OIAeHOCIMUKU NIZMEHMHO20 GiIOHOOYNAPHO20 CUHOGIIMY.
Ocobnugicmio HaWo020 KAIHIYHO20 GUNAOKY CMANO GUAGLEHHS 34 OONOMOZ20I0 VIbMPA38YKOBO2O OOCHIONCEHHS
XapakmepHoi CUMNMOMAMUKY, d came: HePIBHOMIDHO20 NOMOBUIEHHSA CUHOBIANbHOI ODOIOHKU 3  8Y3108UMU
VMBOPEHHAMU Ma 8OPCUHYACTIUMU PO3POCIAHHAMU, 3 O08HCUHOIO BOPCUHOK 00 7 MM 0Ll HAKONIHHUKA 3 NOOOUHOKUMU
JIOKYCAMU KpOBOMOKY NPU NPOGEOeHHI eHepeemuino20 00N1epiecbko2o kapmysanus. Ilpu nposedenni 3¢y6HOX6UTLOBOT
eracmomempii CUHOBIANILHOI 0O0NIOHKU OVIIO GUABNEHO 3HAUHE NIOBUUEHHS IHCOPCMKOCMI CUHOBIANbHOI 000IOHKU 00
80 xlla, wo modrce 6ymu namocHOMOHIYHUM CUMPIMOMOM NPU MAKIU namonozii. [{iaeHo3 8i1oHOOYIAPHO20 CUHOBIimY O0V6
niomeepONHCeHUll 2iCMON02IUHO NICTIA NPOBEOEHO20 ONEPAMUBHO20 NIIKYBAHHA. V NOOANbUIOMY NAYIEHM nepeHic peyuous
3aX8OPIOGANHS, KU MAKONC BOAIOCL BUABUMU 30 OO0NOMOZOI0 YIbMPAa38yKoeoi Odiacnocmuru. Taxum yunom,
nieMeHmHULl  GLIOHOOYJSAPHUL CUHOBIIM  KONIHHO20 Cyenoba € 00601 PIOKICHOIO Namoocielo, sKka nompedye
oughepenyitinoi diacHOCMUKY I3 3aNaTbHUMU 3aX80PIOSAHHAMU cyeno0is. OcmamoyHuil 0iacHo3 [PYHMYEMbCSL HA 2iCMOo-
J02IYHOMY Q0CHIOJCEHHI. YbmpasgyKkoea JiacHOCMUKA € HEeIHBA3UGHUM MEMOOOM, WO 3 BUCOKOIO MOUHICHIO 0036015
suseumu yio namoinoeit. Ilepesaza ynempaconoepagii nonseace 6 it docmynnocmi ma HeineasusHocmi. Busenene namu
NIOBUWEHHSL JHCOPCMKOCI CUHOBIANLHOT 000710HKU HA oHI i1 nponigepayii modice cryeysamu 000amKo8UM Kpumepiem

BIIOHOOYIAPHO20 CUHOBIMY, I, 3 OOCIYRHUMU HAM OAHUMU, 00CI He OYl0 onucaxe 8 1imepamypi.

Pigmented villonodular synovitis (PVNS) is con-
sidered a non-neoplastic process in the synovial
membrane, which can affect any joint or tendon
sheath [1]. This type of synovial hyperplasia leads to
the formation of villi and nodules characterized by the
deposition of intracellular hemosiderin [2]. This
process can extend to the bone, causing cystic
degeneration and cartilage damage. PVNS is most
commonly found in young people aged 20-40 years.
There are two forms of the disease: diffuse and
localized. The knee joint is more frequently affected
than others [3]. Typically, only one joint is patho-
logically altered, though polyarticular lesion can
develop. Diagnostic methods for this disease are quite
limited. It is believed that magnetic resonance ima-
ging (MRI) is the only method that allows identifying
the lesion and making a preliminary diagnosis.
However, a final diagnosis of PVNS can only be
confirmed histologically. Differential diagnosis with
other hemorrhagic and chronic hyperplastic synovitis
is based on the detection of intracellular hemosiderin
components [2, 4].

The etiology of PVNS is unknown to date. Some
authors hypothesize that the disease may result from
genetic mutations [5], trauma with subsequent
bleeding in the affected joint [6], which could be
significant, considering the relatively low levels of
physical activity and fitness among the contemporary
youth [7], leading to a higher risk of injuries. PVNS
is considered a benign disorder, though, there is a
high risk of recurrence and the potential for local
cartilage and bone destruction. Due to the tendency
for infiltration and high recurrence rate in PVNS
patients, some authors consider it a pseudotumorous
condition because PVNS rarely metastasizes but has
a pronounced local destructive effect [8]. In the
literature, only a few cases have been described where
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patients exhibited metastases in the lungs and lymph
nodes, indicating single cases of malignancy [9].
Since this joint disorder often progresses asympto-
matically or presents with nonspecific recurrent
arthritis symptoms, patients are often sent for MRI
with a delay, which is the only non-invasive diag-
nostic method for this pathology. However, currently,
most patients with recurrent synovitis undergo
ultrasound examination of the joint according to the
diagnostic standards.

The aim of the present study was to determine the
capabilities in the diagnosis of pigmented villono-
dular synovitis, using ultrasound examination of
joints, to identify stiffness indicators of hypertrophied
synovial membrane in patients with this pathology by
the shear wave elastography and to assess the pos-
sibility of using shear wave elastography as an
additional diagnostic method for pigmented villo-
nodular synovitis.

MATERIALS AND METHODS OF RESEARCH

The research was conducted following the fun-
damental regulations stated in the “Ethical
Principles for Medical Research Involving Human
Subjects” as established by the Helsinki Dec-
laration (1964-2013), ICH Good Clinical Practice
(1996), Directive 609/EEC (as of 24.11.1986), and
the Orders of the Ministry of Health of Ukraine
No. 690 as of 23.09.2009, No.944 as of
14.12.2009, and No. 616 as of 03.08.2012. The
patient was fully informed about the objectives,
organization and research methods, and provided
informed consent to participate in the study. All
measures were taken to ensure the patient’s
anonymity.

The material of this study was reviewed at the
meeting of the Bioethics Commission of Poltava State
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Medical University and approved by the Minutes
No. 213 as 0f 22.02.2023.

The patient’s ultrasound examinations, including
elastometry, were performed using the “RADMIR
ULTIMA PA EXPERT” ultrasound machine with a
linear probe at a frequency of 10 MHz [10]. The
research was conducted at the Scientific-Practical
Center of the Department of Family Medicine and
Therapy at Poltava State Medical University. General
clinical and biochemical tests of the patient were
carried out at the certified clinical-diagnostic labo-
ratory of the Municipal Enterprise ‘“M.V. Sklifo-
sovsky Poltava Regional Clinical Hospital of Poltava
Regional Council.” The magnetic resonance imaging
of the knee joint was performed at the Radiology Unit
of the Municipal Enterprise “M.V. Sklifosovsky
Poltava Regional Clinical Hospital of Poltava
Regional Council.”

RESULTS AND DISCUSSION

The male patient, K., born in 1995, presented to
the family doctor with complaints of swelling and
redness in the right knee joint, a bulge in the popliteal
fossa and mild movement limitations that have been
bothering him for the past 2 years. From the medical
history it is known that the patient was hospitalized
and underwent surgery for a Baker’s cyst in the right
knee joint 1.5 years ago. After the surgery, the con-
dition significantly improved. However, 1 year ago, it
gradually worsened, and redness and swelling

appeared in the right knee joint. The patient received
counselling from a rheumatologist, who diagnosed
reactive arthritis. Treatment with glucocorticoids and
nonsteroidal anti-inflammatory drugs had only a
short-term effect. The patient’s condition deteriorated
again and he sought medical assistance once more.

The examination revealed that the patient’s ge-
neral condition was satisfactory. Movements in the
right knee joint were complicated and the patient
walked with a limp. The right knee joint was defor-
med, and the skin over it was hyperemic with locally
increased temperature. Limited active and passive
movements were noted in the joint. The body tempe-
rature was within the normal range. Marked swelling
was observed in the suprapatellar and popliteal areas,
indicating the presence of joint effusion.

The lymph nodes were not enlarged, no swellings
were noted. No pathologies were found in other
organs and systems.

The complete blood count revealed a minor leuko-
cytosis of 10.3x10° and elevated erythrocyte sedi-
mentation rate of 16 mm/h. The blood biochemical
test showed that all parameters were within normal
range. The ultrasound examination of the knee joint
revealed a large amount of anechoic fluid in the
suprapatellar recess, uneven thickening of the
synovial membrane with sporadic nodular masses and
villous proliferations measuring up to 7 mm near the
patella (Fig. 1).
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Fig. 1. Villous proliferations of the synovial membrane

220

Ha ymoeax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

Power Doppler mapping reveled sporadic loci of
blood flow in the villi and nodules (Fig. 2).

Multilocular Baker’s cyst of 72 x 45 x 47 mm
with multiple villous proliferations of the synovial
membrane were visualized in the medial part of the
popliteal fossa (Fig. 3).

Shear wave elastography of the synovial mem-
brane demonstrated a significant increase in its
stiffness up to 80 kPa (Fig. 4). Notably, we failed
to find any literature data regarding the stiffness of
the synovial membrane in joints affected by
villonodular synovitis.

Fig. 2. Moderate vascularity revealed by the power Doppler mapping
of the synovial membrane and villous proliferations

Fig. 3. Villous proliferations of the synovial membrane within the Baker’s cyst

23/ Tom XXVIIl/ 3
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Fig. 4. The increased stiffness of the synovial membrane in the patient with pigmented villonodular synovitis
(the linear probe is positioned in the projection of the lateral part of the suprapatellar recess)

At the same time, the shear wave elastography of  the knee joint concomitant with stage 2 osteoarthritis,
the synovial membrane of similar localization, per- revealed the stiffness value of 7.03 kPa.
formed in another patient with chronic synovitis of
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Fig. 5. Determination of the synovial membrane stiffness in a patient
with chronic synovitis concomitant with degenerative osteoarthritis
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Considering the persistent and recurrent course of
synovitis and ineffective previous treatment, the
patient underwent aspiration of the upper recess and
the Baker’s cyst. Approximately 150 ml of bloody
synovial fluid was obtained. The analysis of the syno-
vial fluid revealed intact erythrocytes, leukocytes,
predominantly neutrophils, and macrophages.

The preliminary diagnosis of pigmented villo-
nodular synovitis of the right knee joint was estab-
lished and confirmed by the MRI of the knee joint.
Subsequently, the patient was referred to the Trau-
matology Unit for treatment. After surgery (partial
synovio-capsulectomy), the diagnosis was confirmed

histologically. The patient’s condition improved
significantly following the treatment.

After 6 months of surgical treatment, the patient
experienced mild discomfort during movements in
the right knee joint, and the joint volume increased.
The patient sought medical assistance from the
general practitioner again and was referred for ultra-
sound examination of the knee joint.

The repeat ultrasound examination of the right
knee joint revealed a moderate amount of anechoic
fluid in the suprapatellar recess and uneven

thickening of the synovial membrane with small-
sized nodular masses (Fig. 6).

Fig. 6. Moderate proliferative changes of the synovial membrane in recurrent villonodular synovitis

Due to the minor proliferative changes that made
it impossible to obtain accurate elastometric measu-
rements, a repeat elastometry was not performed.

The diagnosis of recurrent pigmented villonodular
synovitis of the right knee joint has been established.
Counselling from a traumatologist and an oncologist
was recommended to consider the possibility of
prescribing radiotherapy as part of the treatment plan.

The absolute absence of any specific signs of
PVNS during a general clinical examination compli-
cates the process of conducting a differential
diagnosis. The only reliable way to diagnose PVNS is
based on histological examination, which involves
observing intracellular and subsynovial deposits of
hemosiderin pigment, the predominance of nodular
structures compared to villi, the presence of multi-
cellular cells of macrophages, collagen production

23/ Tom XXVIIl/ 3

and mitotic cell elements. The presence of a lym-
phocytic infiltrate, which is sometimes found in this
disorder, can be explained by the inflammatory
process. Chronic inflammation can also lead to syno-
vial hyperplasia, making the synovial tissue more
susceptible to injuries. Most authors assign PVNS to
the group of tenosynovial giant cell tumors [3, 4, 8].
Some authors distinguish three forms of this patho-
logy: localized form or nodular tenosynovitis, diffuse
(extra-articular) giant cell tumor, and PVNS [1, 3].
Diffuse tenosynovial tumor can either be purely
extra-articular, located exclusively in the soft tissues,
or it can be an extra-articular component of PVNS.
The histological aspects of these three tumors are
relatively similar [3, 11]. It is hypothesized that the
cause of PVNS may be trisomy of chromosome 7 or
clonal rearrangements [12]. Additionally, changes in
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the regulatory genes of cell cycles in the synovial cells
have been detected in patients’ synovium. Changes in
the synovial membrane in PVNS occur as a result of
diffusion of synovial cells. The abovementioned cells
may initiate a reactive process leading to subsequent
proliferation of synovial cells [2, 8, 12]. Despite
various theories, the exact cause and pathogenesis of
PVNS remain largely unknown, although the disease
usually has a multifactorial origin. According to the
findings of recent research, the neoplastic genesis
based on chromosomal abnormalities appears to be the
most likely cause of PVNS [1, 2, 3].

The relationship between trauma and the develop-
ment of PVNS remains unclear. Some authors report
that nearly half of PVNS patients had a history of joint
injury [11, 12]. There is also relationship between
synovitis and orthopedic interventions, particularly
endoprosthetics. This means that PVNS can develop as
a complication of orthopedic surgery [13, 14].

The possibility of diagnosing PVNS using MRI is
based on the identification of a greater number of
nodules in the affected area, compared to villi [8].
MRI allows for the detection and evaluation of the
involvement of the entire anatomical region, asses-
sing pathological changes in the joint and surrounding
soft tissues, and determining the most appropriate
treatment strategy (synovectomy, radiosynovecto-
my), as well as the extent of the surgery. Since the
symptoms of PVNS are nonspecific, MRI is not
usually performed immediately in patients. Most
authors report that the time from the onset of clinical
manifestations to the final diagnosis ranges from one
to several years [13, 14, 15].

Other authors distinguish two forms of the
disease: a localized form, characterized by solitary
nodular masses, and a diffuse form. The diffuse form
is approximately three times more common than the
localized form. In the diffuse form, the entire synovial
membrane or synovial bursa is affected [11]. His-
tologically, the localized and diffuse forms are very
similar. However, they differ in clinical manifes-
tations, prognosis and response to treatment [12].
Pigmented villonodular synovitis most commonly
occurs in large joints, predominantly in the knee joint
(80%) [8]. Typically, PVNS is monoarticular, and
multifocal presentations have been described in only
1% of cases [2, 11]. When PVNS is located in the
knee joint, the localized form affecting the anterior
portions is most commonly diagnosed [15]. In the
localized form, one or more nodules are typically
found, with the majority of cases located in the
suprapatellar recess. The most prevalent symptoms
are so-called “mechanical phenomena,” such as joint
locking, clicking, a feeling of “impingement” in the
suprapatellar-patellar region and a sensation of a
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foreign body. Clinical manifestations in such cases
resemble meniscal injury symptoms (pain, swelling,
restricted movement) [11, 15]. The diagnosis of PVNS
is based on the clinical picture, results of repeated joint
aspirations (revealing hemorrhagic synovial fluid),
arthroscopy, biopsy and radiological findings [1, 2].

No specific tissue or serum markers exist for this
disorder [3]. Molecular changes involve a specific
translocation of the colony-stimulating factor 1 gene
(M-CSF1), leading to excessive expression of
CSF1/M-CSF, which results in the accumulation of
non-neoplastic monocyte-like inflammatory cells and
the production of inflammatory cytokines, similar to
rheumatoid arthritis. It is known that the expression
level of p53 in these patients correlates with proli-
ferative activity [4]. Evidently, the functioning of
tumor suppressor proteins like p53 heavily relies on
the content of arginine [5], which might justify the
rationality of administering arginine-based drugs to
these patients, providing a potential treatment ap-
proach. For many years, the main treatment for PVNS
was based on open or arthroscopic synovectomy.
However, this approach is still associated with a high
risk of recurrence.

At this point, the publications report that ultra-
sound examination of patients with villonodular sy-
novitis reveals hypoechogenic synovial proliferation
and hypovascularity in the affected area, as revealed
by the power Doppler mapping [12, 16, 17, 18]. This
was also noted in the reported case. Other authors
report that intra-articular PVNS may have non-
specific visualization features during ultrasonography
and may appear as a heterogeneous echogenic mass
[19, 20], or with noticeably thickened hypoechogenic
synovial membrane [7], as seen in the diagnosis of the
recurrence in the reported case.

The use of shear wave elastography (SWE) has
indeed become a priority in the assessment of diffuse
chronic liver diseases [21]. However, its potential
applications continue to expand, and the obtained
stiffness values of the synovial membrane of the
suprapatellar recess up to 80 kPa in the patient with
villonodular synovitis significantly differ from the
stiffness values of the synovial membrane of the
suprapatellar recess in osteoarthritis and rheumatoid
arthritis, which correlates with the literature data [10].

CONCLUSIONS

1. Magnetic resonance imaging and ultrasound
diagnostics are non-invasive methods that allow for the
accurate detection of villonodular synovitis. The
advantage of ultrasonography lies in its accessibility
and non-invasiveness, providing the ability to diagnose
soft tissue tumors at the early stages [22]. In the
reported case, characteristic ultrasonographic features
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of villonodular synovitis included hypoechogenic
synovial proliferation and hypervascularity in the
affected area revealed by the power Doppler mapping,
which aligns with existing literature data.

2. The detected increase in the stiffness of the
synovial membrane with its proliferation may serve
as an additional criterion for villonodular synovitis
and, to the best of our knowledge, has not been
described in the literature so far.

3. Ultrasound examination of the joint, with alert-
ness and awareness of the peculiarities of the deve-
lopment and course of villonodular synovitis, allows
for establishing early diagnosis, referring the patient
to the specialized unit, performing early surgical
treatment, the necessity of which is justified [23],
diagnosing recurrence and preventing the develop-
ment of long-term complications.
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