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Feasibility of MRI in diagnosis and
characterization of intra-articular synovial
masses and mass-like lesions
Nesreen Mohey* and Tamir A. Hassan

Abstract

Background: Classifications of intra-articular masses are infectious granulomatous diseases, non-infectious synovial
proliferative processes (synovial chondromatosis, lipoma arborescens, rheumatoid arthritis, pigmented villonodular
synovitis [PVNS]), vascular malformations, deposition disorders, neoplastic, and miscellaneous conditions. The aim of
this study is to correlate the results of MRI with arthroscopy in characterization of different varieties of intra-articular
synovial masses and mass-like lesions. This observational prospective study was conducted between February 2018
and August 2019. We screened 1000 routine musculoskeletal MRI examination during this period, 32 of which
showed intra-articular synovial masses/mass-like lesions. The selected 32 patients (20 males and 12 females) have a
mean age of 49.20 ± 2.0 years; all presented with joint swelling, pain, or difficulty of movement according to the
joint affected. All patients underwent arthroscopy for histopathological correlation.

Results: The final diagnosis was synovial chondromatosis in 14 patients (43.8%), PVNS in ten patients (31.3%), and
lipoma arborescens in five patients (15.6%). Synovial chondrosarcoma, synovial hematoma, and synovial ganglion
cyst each in one patient (3.1%). The concordance of MRI to arthroscopy was 96.6% accuracy, 91.7% sensitivity, 99%
specificity, 52.3% PPV, and 99.9% NPV.

Conclusion: Good correlation was observed between MRI and arthroscopy in diagnosis of intra-articular synovial
masses/mass-like lesions.
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Background
The synovial membrane is originating from embryonic
mesenchyme and outline nonarticular areas in syn-
ovial joints, sheaths of the tendons, and bursae. Syn-
ovial membrane cells produce hyaluronate, which is a
main component of the synovial fluid and normalize
the exchange of substances between synovial fluid and
the blood [1].
Simple classification of intra-articular masses as in-

fectious granulomatous diseases (tuberculous and coc-
cidioidomycosis arthritis), noninfectious synovial
proliferative processes (synovial chondromatosis,
lipoma arborescens, rheumatoid arthritis, pigmented
villonodular synovitis [PVNS]), vascular malformations

(arteriovenous malformations, synovial hemangioma),
deposition disorders (amyloid arthropathy, gout), neo-
plastic (synovial sarcoma, synovial chondrosarcoma,
synovial metastases), and miscellaneous conditions
(cyclops lesion following arthroscopic repair of anter-
ior cruciate ligament of the knee) [2, 3].
Early imaging is highly important in the early de-

tection of synovial disorders to avoid the incidence
of irreversible joint injury. Conventional radiography,
joint high-frequency ultrasonography (US), and mus-
culoskeletal magnetic resonance imaging (MRI) are
used in the diagnosis of synovial lesions and in
follow-up [4].
MRI often done before arthroscopic procedures, and

usually management planes are based upon MRI find-
ings [5].
The aim of this study is to correlate the results of

MRI with arthroscopy in characterization of different
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varieties of intra-articular synovial masses and mass
like lesions.

Methods
Patients
This prospective study was conducted between Feb-
ruary 2018 and August 2019. We screened 1000
routine musculoskeletal MRI examination during
this period referred to the MRI unit in our institu-
tion, 32 of which met our inclusion criteria and
showed intra-articular synovial-based masses or
mass-like lesions. The selected 32 patients (20 males
and 12 females) have a mean age of 49.20 ± 2.0 years
(range 25–70 years); all presented with joint swell-
ing, pain, or movement limitation according the
joint affected. All patients gave their informed con-
sent and this study was approved by the local

institutional review board in accordance with the
Declaration of Helsinki regarding research involving
human subjects.
Inclusion criteria included any intra-articular synovial-

based mass or mass-like lesions in adult age groups
(18 years and above).
Exclusion criteria included operated cases for

synovial-based lesions, juxta-articular synovial lesions,
contra-indication to MRI, and patients refusing
arthroscopy.
All patients underwent detailed history taking, general

and local examination of the affected joint. Laboratory
investigation for renal function tests if MRI contrast was
decided to be administered.
All the selected 32 cases underwent arthroscopy

as a gold standard for histopathological
correlation.

Fig. 1 Lipoma arborescence in 49-year-old male with knee swelling. Sagittal T1 (a) and sagittal T2 (b) show suprapatellar lobulated fat signal
lesion (red arrows). Sagittal (c), coronal (d), and axial (e) STIR show loss of signal of the synovial fatty lesion (white arrows)

Mohey and Hassan Egyptian Journal of Radiology and Nuclear Medicine           (2020) 51:19 Page 2 of 11



MRI technique
All MRI studies for the 32 patients were obtained using
a closed MRI machine (General Electric SIGNA) HS
(high speed) with magnets of intensity field 1.5 T and
gradients 20 MT/m, equipped with dedicated knee coil
(for the knee and the ankle) and abdominal flex coli for
the hip joint.

Image acquisition
Pulse sequences were chosen according to the joint
examined with additional sequences used depending
on the pathology found during the exam (e.g., gradi-
ent sequences GRE in case of suspected PVNS). The
routine sequences T1-weighted fast spin echo (FSE)
images (with repetition time (TR) 600 ms and echo
time (TE) 15 ms), T2-weighted FSE images (with
TR 4000 ms and TE 90 ms), and short T1/Tau
(STIR) images (with TR over 4000 ms and TE
120 ms) were used in all joints in different planes.
Proton density weighted images were used in the
knee joint (with TR over 2000 ms and TE 10–
20 ms). T2-weighted images with fat suppression
(with TR over 3000 ms and TE 80 ms) when
needed. Slice thickness was 4.0 mm in all sequences.

Inter slice gap 1 mm. Field of view (FOV): 14–
16 cm depending on the size of the patient. Matrix:
256 × 256 and the flip angle = 250.
Intravenous contrast-enhanced sequences were ob-

tained in five cases with PVNS showing diffuse synovial
thickening and this was achieved by intravenous injec-
tion of magnevist 0.1 mmol/kg [gadolinium diethylene-
triaminepenta-acetic acid (Gd-DTPA); Berlex, Montvale,
NJ] after making sure that the renal function test was
good.

Image interpretation
Images were transferred to the PACS workstations
(Philips, iSite radiology) and independently reviewed
by two experienced musculoskeletal radiologists (over
10-years’ experience in MRI musculoskeletal imaging).
Each radiologist assessed the affected joint for the
routine exam then meticulous evaluation of any intra-
articular synovial-based lesions regarding its site, size,
signal intensity, extension, articular surfaces erosions,
and possible diagnosis. In case of controversy between
the two observers, this is solved by consensus after
conjoint evaluation of the MRI images.

Fig. 2 Synovial chondromatosis in 52-year-old male with left ankle swelling. X-ray AP and Lat views (a, b) show multiple rounded uniform size
calcified nodules (red arrows) around the ankle. Sagittal T1 (c), sagittal T2 (d, e), and coronal STIR (f) show low signal at T1 of the calcified
nodules, low signal intensity of the periphery of the nodules with high signal of center due to bone marrow fat on T2 and STIR
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Final diagnosis was achieved by
Arthroscopy was done within 7 days after MRI exam-
ination to all selected patients and was performed in
the orthopedic department. The results of arthroscopy
and histopathology results were later correlated with
MRI.

Statistical analysis
The data were collected, tabulated, and analyzed sta-
tistically. All statistical analyses were computed with
the Statistical Package for the Social Sciences (SPSS)
Version 21. Descriptive statistic was performed in a
form of number and percentage for qualitative data.
Sensitivity, specificity, and diagnostic accuracy of
MRI in evaluation of synovial intra-articular lesions
were calculated and correlated with arthroscopy.
The inter-observer agreement for assessing the syn-

ovial lesions was calculated. The percentage of agree-
ment as well as the kappa statistic was used to calculate
the percent of interpreter agreement above the expected
by chance.
Moderate agreement was considered when weighted

kappa statistic of 0.41–0.60, good agreement of 0.61–
0.80, and excellent agreement of 0.81–1.00 [6].

Results
This prospective study included 32 selected patients
performed routine musculoskeletal MRI according to
the study inclusion and exclusion criteria; males
(62.5% %) were affected more than females (37.5% %)
with mean age of 49.20 ± 2.0 years (range 25–
70 years).
The most affected joint was the knee joint (90.6%,

Figs. 1, 2, 3, 4, 5, 6, 7, 8, and 9), followed by the hip joint
(6.3%, Fig. 7) followed by the ankle joint (3.1%, Fig. 2)
with the right-sided predilection (65.6%) more common
than the left side (34.4%) (Table 1).
All cases underwent arthroscopy and the final

diagnosis was synovial chondromatosis in 14 patients
(43.8%, Figs. 2, 3, and 4), PVNS in ten patients
(31.2%, Figs. 5 and 6), and lipoma arborescens in
five patients (15.6%, Fig. 1). Synovial chondrosar-
coma (Fig. 8), synovial hematoma (Fig. 7), and syn-
ovial ganglion cyst (Fig. 9) each in one patient
(3.1%), (Table 2). Regarding the sex predilection, all
of these groups occur more in males compared to
females.
Regarding synovial chondromatosis, MRI was unable

to diagnose the malignant transformation in one case,

Fig. 3 Synovial chondromatosis in 58-year-old male with right knee osteoarthritis. Sagittal T1 (a), sagittal T2 (b, d), sagittal STIR (c), and coronal
STIR (e, f) show low signal at T1, T2, and STIR calcified different size nodules (red arrows) with osteoarthritic changes
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revealed by arthroscopy to be synovial chondrosarcoma
(Table 2, Fig. 8).
The concordance of MRI in relation to the gold stand-

ard was 96.6% accuracy, 91.7% sensitivity, 99% specifi-
city, 52.3% PPV, and 99.9% NPV (Table 2).
The inter-observer agreement for evaluating the intra-

articular synovial lesions using weighted kappa statistic
was 0.83 indicating excellent agreement.

Discussion
Many of the diseases causing intra-articular masses
have characteristic MRI imaging findings that en-
ables a confident diagnosis making the differential
diagnosis for such intra-articular masses somewhat
limited [2].
In the current study, males were affected more than

females and the knee joint was the most affected joint in
agreement with Patrick J. Sheldon et al. [2] and Daniel
Peixoto et al. [7] who reported similar sex and site
incidence.
Synovial chondromatosis is a benign monoarticu-

lar disorder of uncertain etiology; more common in

male and also more common in the knee joint,
usually seen in the third to fifth decades. The dis-
ease is characterized by synovial proliferation and
metaplastic transformation together with multiple
formations of cartilaginous nodules. In the initial
active phase of the disease in which there is syn-
ovial proliferation and formation of cartilaginous
nodules intra synovial while in the final inactive
phase of the disease, there are persistent nodules
that may breakaway into the joint space. About
25–30% of the patients do not show calcification
and the treatment is synovectomy with about 25%
recurrence rate. Associated marginal erosions, late
secondary degenerative joint disease, and small
joint effusion may be associated with synovial
chondromatosis [2, 6–11].
Synovial chondromatosis can be classified into two

types; primary type in which there is multiple intra-
articular uniform-sized loose bodies which often
calcify in its peripheral and central parts, and sec-
ondary type in which there is injury to the hyaline
cartilage related to trauma, osteoarthritis, infectious

Fig. 4 Right knee synovial chondromatosis in 48-year-old male. Sagittal T1 (a), sagittal T2 (b), sagittal STIR (c), coronal STIR (d), and axial STIR (e)
show non-mineralized equal size nodules showing low signal at T1 (white arrow), high at T2 and STIR (red arrows)
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arthritis, or osteochondritis dissecans and character-
ized by the presence of different shapes and sizes
intra-articular loose bodies with various ring calcifi-
cations [10, 12, 13].
In the current study; synovial chondromatosis was

found in 14 patients (43.8%) and their MRI appear-
ance was variable depending on the proportion of
proliferative synovium and formation of calcified nod-
ules. Non-mineralized lesions show low signal at
T1WI and high signal at T2 and STIR while calcified
lesions display low signal at T1, low signal intensity
of the periphery of the nodules, and high signal of
the central bone marrow fat on T2WI in agreement
with Patrick J. Sheldon et al. [2], Daniel Peixoto et al.
[10], and Jie Wen et al. [13] who reported similar im-
aging features.
Synovial chondrosarcoma is remarkably uncom-

mon and unclear whether it originates from malig-
nant degeneration of synovial chondromatosis or de
novo making the differentiation between them
radiologically hard. Conventional radiographs usually
show intraarticular soft-tissue mass that may con-
tain calcified bodies. Both synovial chondrosarcoma
and synovial chondromatosis may show bone ero-
sions [2, 11].

Scott Evans et al. [11] reported that the true inci-
dence of synovial chondrosarcoma is unknown and in
their study included 800 patients and reported that
0.6% of chondrosarcomas were originating on top of
primary synovial chondromatosis. They postulated
that both conditions have similar patterns of clinical
presentation with joint swelling, pain, and joint re-
stricted movement. Many authors mentioned that
found clinical and radiological criteria are unable to
differentiate between both of them as there is usually
noteworthy overlap with no definitive imaging fea-
tures to separate both [11, 14, 15].
We encountered in the current study one patient

whose MRI showed thickened low signal synovium at
T1, high at T2 with multiple low signal calcified bodies
and initially diagnosed as synovial chondromatosis, but
arthroscopy later revealed synovial chondrosarcoma in
agreement with Patrick J. Sheldon et al. [2] and Scott Ev-
ans et al. [11] who mentioned that the imaging differen-
tiation of synovial chondrosarcoma from synovial
osteochondromatosis is difficult.
Scott Evans et al. [11] concluded that multiple recur-

rences and the development of bone marrow invasion
are highly suspicious of osteochondromatosis malignant
transformation.

Fig. 5 Right knee diffuse PVNS in 42-year-old female. Lat X-ray (a) unremarkable, sagittal T2 (b), Sag T1 post-contrast (c), axial T1 (d), and axial T2
(e) show lobulated, mass-like (red arrow) heterogeneous enhanced (yellow arrow) synovial proliferation with characteristic low signal intensity, no
articular erosions with large popliteal extra-articular component (white arrow). Sagittal T2 demonstrate massive synovial proliferation with low
signal foci of hemosiderin deposition (red arrow)
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PVNS is a proliferative synovial benign disorder that
may affect the joints, tendon sheaths, or bursae and
usually occurs in young to middle aged adults and ex-
tremely rare to be polyarticular. It can be diffuse
intra-articular or less commonly focal and the knee is
the most frequently affected joint with 50% recur-
rence rate after synovectomy. The affected joint by
PVNS may appear normal or may show periarticular
soft-tissue swelling in X-ray. Bone mineralization and
joint spaces are specifically preserved until late in the
disease [2].
MRI was able to diagnose all cases of PVNS in the

current study, all of which was found in the knee
joint with male predominance in agreement with
Patricket al [2]. who mentioned similar site and sex
incidence.
In the current series, all cases of PVNS were diffuse

and MRI showed lobulated margin mass-like prolifera-
tive synovium with low signal foci at all pulse sequences
due to deposition of hemosiderin in agreement with
Patricket al [2]., A. Rodríguez Pan et al. [3], and Aynur-
Turan et al. [4], who reported that the diffuse form

PVNS is the commonest form and reported similar im-
aging appearance.
MRI reveals prominent diffuse villous or nodular

proliferation of synovium and associated joint effu-
sion. Synovial thickening is visualized as an inter-
mediate to low signal intensity on T1WI. There are
low signal intensity areas due to the hemosiderin on
T2WI. Particularly, hemosiderin appears as bloom-
ing artifacts on gradient echo (GRE) images because
of its magnetic susceptibility, which is almost path-
ognomonic in all forms of PVNS. Lesions may show
evident contrast enhancement after administration
of IV gadolinium denoting the synovial proliferation
high vascularity [3, 4, 16, 17].
Lipoma arborescens is an intra-articular uncom-

mon lesion, usually monoarticular and seen often in
the knee. In lipoma arborescens, there is villous
synovial proliferation resulting from substitution of
the subsynovial tissue by mature fat cells. The exact
reason is unidentified, but the most reasonable hy-
pothesis suggests a nonspecific synovial response to
traumatic or inflammatory stimuli more willingly

Fig. 6 Right knee diffuse PVNS in 40-year-old male. Sagittal T1 (a), sagittal STIR (b), sagittal T2 (c), coronal STIR (d), and axial STIR (e) show large
lobulated, mass-like synovial proliferation with low signal intensity (red arrow), no articular erosions. Sagittal T2 demonstrate massive synovial
proliferation with low signal foci of hemosiderin (white arrow) and associated joint effusion
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than a neoplasm. Lipoma arborescens can be confi-
dently diagnosed because of its characteristic im-
aging findings [1, 2, 18–24].
MRI was able to diagnose all the cases of lipoma

arborescens in the current series, all complained of
painless swelling of the knee and they appear in
MRI as intra-articular frond like fat-containing
masses at the supra-patellar region (high signal at
T1, T2, and suppressed at STIR) and was proved
by arthroscopy in agreement with Pushpender
Gupta et al. [18] who reported similar clinical
presentation, and reported its more common pre-
dilection to the supra-patellar recess of the knee.
He also mentioned that the MRI findings of intra-
articular frond like fat-containing masses with
added joint effusion are characteristic feature for
lipoma arborescens.
We encountered one case (3.1%) with synovial gan-

glion cyst in the current study in agreement with Sayaka

Kodaira1 et al. [25] and Partha Saha et al. [26] who re-
ported similar rare incidence.
Sayaka Kodaira1 et al. [25] reported that intra-

articular ganglion cysts are frequently seen in the
dorsal wrist, shoulder, and palm but rarely to be
intra-articular in the knee joint, usually detected as
incidental MRI findings. Knee ganglion cysts may
arise from both menisci, cruciate ligaments, sub-
chondral bone, or popliteal tendon. The differential
diagnosis of it may include synovial chondromatosis,
PVNS, synovial hemangioma, and meniscal or para-
meniscal cysts.
Intra-articular ganglion cysts are frequently seen in the

dorsal wrist, shoulder, and palm but rarely to be intra-
articular in the knee joint, usually detected as incidental
MRI findings [1, 2, 7, 27].
In our study, the ganglion cyst was located at the

infrapetallar region (Hofa’s fat) near the meniscus
displaying low signal at T1, mixed low and high

Fig. 7 Right hip post traumatic synovial hematoma in 25-year-old male. Coronal T2 (a), T1WI (b) and STIR (c), axial T2 (d), T1 (e), and STIR (f) show
low signal mass-like synovial lesion (red arrows) with low signal intensity of hemosiderin and associated joint effusion. Axial CT (g) shows high
density hematoma (yellow arrow). X-ray of the pelvis (h) unremarkable
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signal at T2 and STIR, and was confirmed by
arthroscopic removal of the lesion in agreement
with [26].
Synovial hematoma was observed in one patient

(3.1%) of the study group patients with history of
trauma; CT in this patient reveals no fracture lines
and US reveals effusion; MRI reveals mass-like lesion
within the effusion displaying low signal hematoma
with blooming effect at T2 in agreement with Vishal
Kumar Jain et al. [28] who mentioned that in intra-
articular hemorrhage regardless the cause, iron-
containing hemosiderin is kept in synovial tissue
forming proliferative reaction and rusty discoloration.
This hemosiderin causes typical T2WI blooming
along the synovium, as seen in our patient. This
blooming due to synovial hemorrhage can occur in
many instances as in hereditary clotting factor defi-
ciency diseases (e.g., hemophilia), trauma, use of anti-
coagulant, psoriatic or rheumatoid arthritis, collagen
diseases, osteoarthritis, hemochromatosis, PVNS,
sickle cell anemia, scurvy, synovial hemangioma, and
myeloproliferative diseases.

The concordance of MRI in relation to the gold
standard was 96.6% accuracy, 91.7% sensitivity, 99%
specificity, 52.3% PPV, and 99.9% NPV in
agreement with Patrick et al. [2] and Scott Evans
et al. [11] who mentioned difficulty for MRI to pre-
dict malignant transformation of synovial
chondromatosis.
Using weighted kappa statistic, the inter-observer

agreement for evaluating the intra-articular synovial le-
sions was 0.86 denoting excellent agreement in agree-
ment with [6].
Limitation of the study is small number of pa-

tients that hinders us from studying other synovial
intra-articular lesions during the study duration;
large multicenter study is of value for better under-
standing of other varieties not encountered in our
study.

Conclusion
In conclusion, good correlation was observed between
MRI and arthroscopy in diagnosis of intra-articular syn-
ovial masses and mass-like lesions.

Fig. 8 Right knee synovial chondrosarcoma in 58-year-old male. Sagittal T2 (a, d), sagittal STIR (b), sagittal T1 (c), coronal STIR (e), and axial STIR (f)
show unequal size low signal nodules at all series (red arrow) with synovial heterogeneous thickening (yellow arrows), MRI shows the possibility
of synovial chondromatosis but arthroscopy reveals synovial chondrosarcoma
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Fig. 9 Right knee synovial ganglion cyst at Hofa’s fat in 61-year-old male. Sagittal STIR (a, f), sagittal T1 (b), sagittal T2 (c), coronal STIR (d), and
axial STIR (e) show marked osteoarthritis, lower femur cyst (Geod, yellow arrow), popliteal varicose veins (white arrow), and synovial ganglion cyst
(red arrow) displaying low signal at T1 and T2, mixed low and high at STIR

Table 1 distribution of the patients regarding sex, joint
affection, and laterality

Number Percent

Sex

Male 20 62.5%

Female 12 37.5%

Joint affected

Knee joint 29 90.6%

Hip joint 2 6.3%

Ankle joint 1 3.1%

Joint laterality

Right side 21 65.6%

Left side 11 34.4%

Table 2 MRI diagnosis of the synovial lesions compared to
arthroscope and their concordance

MRI diagnosis Arthroscopy Total

1. Synovial chondromatosis 15 14 14 (43.8%)

2. PVNS 10 10 10 (31.3%)

3. Lipoma arborescence 5 5 5 (15.6%)

4. Synovial chondrosarcoma – 1 1 (3.1%)

5.Synovial hematoma 1 1 1(3.1%)

6. Ganglion cyst 1 1 1(3.1%)

Total 32 32 32

Concordance of MRI and arthroscopy

Accuracy 96.9%

Sensitivity 91.7%

Specificity 99%

PPV 52.3%

NPV 99.9%
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