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Abstract

Soft tissue masses are very common and may appear in the context of rheumatic diseases. They
usually occur alone but may occasionally be part of the syndromes and can sometimes involve peri-
articular tissues. Soft tissue masses can be divided into several categories. In this article, we have
categorized them into 3 different groups: (1) pseudotumors, (2) benign tumors, and (3) malignant
tumors. Parotid enlargement will also be discussed in this study. The majority of Soft tissue masses
are pseudotumors or benign tumors, which can be easily characterized with ultrasound, therefore,
considered the first screening tool in the study of this type of lesion. If the tumor is deep or poorly
accessible, or present with suspected signs of malignancy, the sonographer may suggest expand-
ing the study with magnetic resonance imaging and/or an ultrasound-guided biopsy of the lesion.
Ultrasound is also a good technique for the parotid and submandibular glands and is very useful for
evaluating and monitoring Sjogren’s syndrome.
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Introduction

Pseudotumors

Synovial cystis a continuation or herniation of the synovial membrane through the joint capsule. The most
characteristic one is Baker’s cyst. They are associated with joint diseases such as osteoarthrosis, inflamma-
tory, and post-traumatic joint diseases." In ultrasound (US), it appears as nodular anechoic lesions with
well-defined edges with the typical extension toward the joint (Figure 1).

Ganglion cyst is formed by dense connective tissue filled with gelatinous fluid rich in hyaluronic acid and
other mucopolysaccharides. Ultrasound may show an ovoid single or poly-lobulated anechoic, well-defined
lesion, with no obvious communication with the adjacent joint.

Sonographic compression can be helpful to differentiate a synovial cyst, normally more easily compressible,
from a ganglion cyst. Synovial cysts related to active disease might show synovial hypertrophy changing
its compressibility, for instance, in a case of a Baker cyst with synovial hypertrophy in rheumatoid arthritis?
(Table 1) (Figure 2).

Tenosynovitis is the inflammation of a tendon and its synovial sheath. In US, it shows an increased thick-
ness and heterogeneity in the echo-structure of the affected tendon, as well as the presence of fluid in its
tendon sheath (Figure 3).2

Bursitis is the inflammation of the small fluid-filled pads, called bursae. Ultrasound shows a collection of
well-defined anechoic edges, or with fine echoes inside, in the usual bursa location. Color Doppler (CD)
can likewise be used to show signs of infection, such as hyperemia of the bursa and the surrounding tis-
sues (Figure 4).4°

Rheumatoid nodules are more common in overlying joint areas such as the metacarpophalangeal, proximal
interphalangeal, and metatarsophalangeal (MTP) joints. Nodules appear as oval, generally homogenous
(85%), hypoechoic (85%) masses closely attached to the bone surface. The size varies from 2 mm to 5 cm;
they are firm, non-tender, and movable in subcutaneous tissue.®
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Tophi are typically in yellow-white color, non-
tender, and located within the articular struc-
tures, or bursae, and the first MTP joint is the
most common but can appear in hands, feet,
elbows, and ears.

Sonographically, tophi appear as a het-
erogeneous mass (80%), composed of
hypoechoic and hyperechoic areas, and
have poorly defined contours. They can form
multiple groups with surrounding anechoic
haloes.”?1°

Benign Tumors

Lipoma is considered the most common soft
tissue tumor and is seen in ~2% of the popula-
tion. They are usually subcutaneous and in US,
appear as soft variably echogenic masses. If
capsulated, it may be more difficult to identify
on US."

When they present a heterogeneous echotex-
ture, more than minimal CD flow or large-size
liposarcoma should be suspected. Few authors
suggest that a systematic review on the ultra-
sonography of the soft-tissue lipomas may
help to better ascertain the true diagnostic
value of this test and that US is a useful tool in
the diagnosis of superficial lipomas with good
sensitivity and even better specificity and
should still be considered the first diagnostic
tool option (Figure 5)."?

Nodular fasciitis is typically composed of well-
defined, ovoid or lobulated, hypoechoic sub-
cutaneous masses, which may also affect deep
muscle fascia.

Elastofibroma dorsi has characteristic location
(subscapularis) and imaging appearance: US
demonstrates a well-defined multi-layered
pattern of hypoechoic linear areas of fat depo-
sition intermixed with echogenic fibroelastic
tissue (Figure 6).

Plantar fibromatosis (Ledderhose disease)
or palmar fibromatosis (Dupuytren’s dis-
ease) is hypoechoic in US with often a little
blurry margination without calcifications or
any cystic components, affecting the plantar
or palmar fascia, respectively. The lesions may
show hypervascularity in a symptomatic phase
(Figure 7).

Tenosynovial giant cell tumors arise from the
tendon sheath. It is unclear whether these
lesions represent neoplasms or are merely
reactive masses. Ultrasound allows not only
the characterization of the lesion but also
describes the relationship with the tendon
sheath (Figure 8)."
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Figure 1. High-resolution ultrasound of the knee, in grayscale (longitudinal and transversal) from
a patient with popliteal synovial cyst. Nodular anechoic lesions with well-defined edges, with a

fluid-containing neck between the tendon
gastrocnemius.

Glomus tumor is usually located in acral areas
(typical subungual location). Normally painful
under pressure, US shows a hypoechoic lesion
with significant Doppler vascularity.™

of semimembranosus and medial head of

Hemangiomas and vascular malformations
in US usually present with a defined lesion
with  markedly heterogeneous echotex-
ture and sometimes contain internal areas,

Table 1. Ganglion Cyst Versus Synovial Cyst. Ultrasound Characteristics Through a Review of

the Literature

Ultrasound Characteristic and
Discriminative Findings

Ganglion Cyst

Synovial Cyst

Compressibility No Yes
Location (more frequent) Wrist, hand, ankle, foot. Knee (gastrocnemius-
semimembranosus bursa) Hip
(iliopsoas bursa).
Similar findings
Blood flow by Doppler Absence Absence or possible
evaluation
Echogenicity Anechoic to hypoechoic. Anechoic to hypoechoic.
Configuration Uni or multilocular +/— Uni or multilocular +/—
septations septations
Borders Thin and well defined Thin and well defined
Joint communication +— +—
Posterior acoustic shadowing +— +—

Giard, M., Pineda, C. Ganglion cyst versus synovial cyst ? Ultrasound characteristics through a review of the literature. Rheumatol Int

35,597-605 (2015). https://doi.org/10.1007/s00296-014-3120-1
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Figure 2. High-resolution ultrasound ganglion cyst of the acromioclavicular (AC) joint, in grayscale
from a patient with swelling at the AC joint; a non-compressible, cystic mass with no obvious
communication with the joint, at the site of the swelling.
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Figure 3. High-resolution ultrasound tenosynovitis of the hand, in a patient with psoriatic arthritis,
in grayscale and color Doppler. The longitudinal scan of the fifth finger flexor tendon shows a
thickening tendon sheath with signs of synovial proliferation and increased vascularity.
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Figure 4. High-resolution ultrasound bursitis of the shoulder, in a patient with pain and limitation
of mation, in grayscale. The longitudinal scan shows the distension of the subdeltoid — subacromial
bursitis, with some echoes inside, suggesting microcrystalline disease.

. STM and Parotid Gland can be Assessed by US

pseudocystic and phleboliths (hyperechoic
images with acoustic shadowing). They may
have a hyperechoic image (fat) in the periph-
ery of the lesion.'

Schwannomas are benign tumors of the nerve
sheath. Pathognomonic features are the con-
nection with a nerve and the presence of tiny
inner pseudocysts. They usually are well vascu-
larized without necrotic areas.'

Neurofibromas are circumscribed, spindle-
shaped defined masses with typically lay-
ered appearance in axial scans. In contrast
to schwannomas, vascularization is sparse.
Multifocal neurofibromas, plexiform and multi-
focal variants, may occur in neurofibromatosis
type 1 disease (Figure 9)."

Myxomas are the demonstration of a well-
defined hypoechoic-anechoic mass surround-
ing soft tissue and often show a heterogeneous
echotexture. Posterior acoustic enhancement
may be observed in a significant portion of
cases. There may be some internal echoes
that are increased through transmission. In
~85% of cases, there is a sonographic bright
rim sign of increased echogenicity around the
myxoma (i.e,, peripheral rim of echogenicity).
Frequently, a bright cap sign is seen as a trian-
gular hyperechoic area adjacent to at least one
of the poles of the mass. The lesion is hypovas-
cular or avascular on CD US.">¢

Malignant Tumors

Liposarcoma’s sonographic appearance is
large, multilobulated, well-defined isoechogen
ic/hyperechogenic mass, with tiny hyperecho-
genic lines and hypervascularity, which might
contain nodular or globular foci with echotex-
ture other than adipose tissue."”

Myxoid liposarcoma represents 20%-50% of all
liposarcomas and has an intermediate malig-
nant behavior. Ultrasound appearance reveals a
complex, well-defined hypoechogenic hetero-
geneous mass, with solid anechoic non-cystic
areas, with posterior acoustic enhancement,
that might contain thin septa. Moreover, the
Doppler assessment shows hypervascularity
surrounding the anechoic areas.'”

Dermatofibrosarcoma  protuberans  represent
6% of all soft tissue sarcomas and it occurs in
males between 20 and 50 years old."”® The US
assessment shows an ovoid or lobulated cir-
cumscribed subcutaneous nodule without
posterior acoustic enhancement and con-
stitutes a combination of hypoechoic and
hyperechoic regions; however, it can appear
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Figure 5. High-resolution ultrasound lipoma of the right arm in grayscale, in a patient with a soft,
slow-growing tumor in the proximal arm. The upper part of the arm was explored: a well-defined,
homogeneous, isoechoic oval, superficial lesion of approximately 1.5 cm?.
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Figure 6. A soft tissue tumor was studied in a 60-year-old patient located in the scapular area,
which was not painful and appeared on mobilization of the scapula. High-resolution ultrasound
in grayscale, of subescapularis zone, demonstrates a well-defined multi-layered pattern of
hypoechoic linear areas of fat deposition intermixed with echogenic fibroelastic tissue due to
elastofibroma dorsi.

FIBROMA PLANTAR D,

Figure 7. High-resolution ultrasound in grayscale of the plantar area of the foot in a patient with
pain when walking. Ultrasound shows a plantar fibromatosis with hypoechoic heterogenous mass,
without calcifications or any cystic components. No hypervascularity was found.
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entirely as a hyperechogenic mass. Tiny intra-
lesional punctuate non-shadowing echogenic
foci may also emerge at the scan evaluation.
Typically, it has well-defined contours but
may have irregular margins. Power Doppler
(PD) shows predominantly hypervascularity in
hypoechogenic areas."

Adult fibrosarcoma is a rare malignant neo-
plasm. The US imaging shows a non-specific
mass, associated with hypoechogenic and
hyperechogenic heterogeneous areas, along
with calcifications or ossification, relatively
hypovascular, and sometimes may present a
pseudocapsule formation with tendency to
invade adjacent structures.”

Leiomyosarcoma is a rare malignant smooth
muscle neoplasm that typically occurs in
adults. The US scan shows a well-circumscribed
oval hypoechogenic mass, with increased pos-
terior enhancement, and may be seen as vari-
able degree of anechoic areas due to necrotic,
cystic changes and hemorrhage, with intral-
esional Doppler increased blood flow.?

Rhabdomyosarcoma is an aggressive malig-
nant striated muscle tumor and it is the most
common soft tissue neoplasm of childhood
and adolescence. The rhabdomyosarcoma US
imaging lacks specificity; can feature a het-
erogeneous irregular well-defined mass with
low to medium echogenicity and may have
anechoic irregular areas in zones of necrosis.?!

Glomangiosarcoma or malignant glomus tumor
is an extremely infrequent soft tissue sarcoma
that has high metastatic risk and it is most fre-
quently reported in the lower extremities and
in the gastrointestinal tract.” Ultrasound char-
acteristics are non-specific, given the lack of
cases reported.

Angiosarcoma, at US examination, appears
predominantly hypoechoic with the increased
flow in color and PD imaging, similar to other
malignant soft-tissue masses. Heterogeneity
areas can be due to hemorrhage

The malignant peripheral nerve tendon sheath
tumor constitutes malignant forms of neurofi-
bromas and schwannomas and half of them are
associated with neurofibromatosis type |, and
11% of them present after post-radiation ther-
apy.? Ultrasound cannot distinguish between
benign and malignant peripheral nerve sheath
tumors, however, is featured as a homoge-
neous hypoechogenic and fusiform mass
with peripheral nerve continuity and posterior
acoustic enhancement.”
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Figure 8. High-resolution grayscale and color Doppler ultrasound of the hand, in a young patient
with a solitary subcutaneous soft tissue nodule on the volar surface of the second finger.
Ultrasound reveals a homogeneous hypoechoic nodule, with hypervascularity, further confirming

a tenosynovial giant cell tumors.

Figure 9. A, B. High-resolution grayscale and color Doppler ultrasound of the ankle. Ultrasound
reveals a homogeneus, hypoechoic mass of solid appearance, in the posterior tibial nerve due to

a neurofibroma.

Corominas et al. STM and Parotid Gland can be Assessed by US

Metastases and Lymphomas

The most frequent primary neoplasms which
metastasize to muscles are breast carcino-
mas in woman and lung carcinoma in men.
Some metastatic disease rarely affects the
skin.** Ultrasound imaging has low specific-
ity to show the histologic origin of the tumor
but predominantly are well-defined, round or
lobular hypoechogenic masses with hypervas-
cularity in Doppler assessment.® Extranodal
lymphoma usually appears in extremities, and
US shows a hypoechoic mass, with infiltrative
margins and significantly increased vascularity;
necrosis is commonly absent (Figure 10).2!

Ultrasound of the Parotid and
Submandibular Glands in Sjogren’s
Syndrome

Sjégren’s syndrome (SjS) is a systemic autoim-
mune disease that affects 1-23 people/10 000
inhabitants in Europe and presents with a wide
spectrum of clinical manifestations and a pro-
file of specific autoantibodies (Ab).? Dryness
syndrome dominates the clinical scene and
translates an immuno-mediated glandular
compromise, accompanied by fatigue, mus-
culoskeletal pain, and a systemic picture in a
significant percentage of patients, occasion-
ally complicated by lymphoma in 2%-5% of
patients.”#

The diagnosis of the disease is not easy,
since different classification criteria have
been proposed from the initials of Fox
et al? even though the most accepted are
the American-European of Vitali et al 2002,
with new updates later in 2012 and 2016.°"
None of them has the diagnostic reliability
of isolated glandular disease been deter-
mined using imaging techniques, such as
US. Throughout the history of this disease,
an objective and non-invasive technique has
been sought to help confirm the diagnosis
in a specific way. In 1992, Vitali et al*® began
the study of the application of high-resolu-
tion US of the parotid and submandibular
glands, with the aim of implementing this
technique in clinical practice for the diag-
nosis of SjS. The authors established a US
score for glandular lesion severity with het-
erogeneous results, summarized in a recent
review.?? Recent works have compared this
glandular lesion by US imaging with mag-
netic resonance imaging and sialography.®3*
The limitations of these works are the lack of
standardization of the technique, which is
why Jousse-Joulin et al** proposed a consen-
sus on how to standardize the evaluation of
key findings by US of the salivary glands and
their reliability, which includes: echogenicity,
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homogeneity, hyperechoic bands, number
of hypo/anechoic areas, location of these
areas in the gland, number of abnormal lym-
phoid nodules in the gland, calcifications, vis-
ible posterior margin; all in the parotid and
submandibular glands bilaterally (Table 2).
Based on these US findings, the experts con-
firmed the diagnostic suspicion, ruled out
SjS, or assessed it as undetermined. The
final conclusion of this international group
was that, after evaluating the reliability of
the images, the typical glandular pattern of
patients with SjS with an inhomogeneous
gland with hypoechoic/anechoic areas in its
parenchyma observed on US images could
be used by experts in salivary gland US
along with the other classification criteria in
the diagnosis of SjS concomitantly to reach
Figure 10. A, B. High-resolution grayscale and color Doppler ultrasound of the forearm, in a ~ greater final diagnostic certainty (Figures 11
53-year-old patient with painless tumor in the front of the forearm, without a history of trauma. A and 12).> However, the US indices described
round tumor of less than 1 cm iso/hypoechogenic mass in grayscale was observed, moderately  so far present diverse results due to: the het-
delimited, with an attached vessel that nourished the lesion. An important signal Doppler was  erogeneity of the patients studied, the differ-
observed. Due to signs of suspicion, such as heterogeneity, high vascularity, and a very important

Doppler signal, an MRI was requested, which showed a well-defined, rounded, 1 cm image, with
hypersignal in T1, leading to a metastatic lesion. MRI, magnetic resonance imaging.

ences in the US machines used, the different
indices, and finally, but not least, that it is a
sonographer-dependent technique. Cornec
et al.*® evaluated the role of glandular US in
the diagnosis of SjS, concluding that adding
it to the American College of Rheumatology
Parotid Glands Submandibular Glands  and 2002 classification criteria in clinical prac-

Left Left tice, sensitivity increases and conversely, the

Right Right number of biopsies needed decreases, sug-
gesting the performance of biopsies only in
those patients with US not suggestive of SjS.

Table 2. Major salivary gland ultrasonography points and grading method of the
submandibular and parotid glands in primary Sjégren Syndrome

Echogenicity

Normal (0); abnormal (fibrosis) 1
Homogeneity Besides the gray scale and CD US for the
diagnosis of SjS, elastography is increasingly
offering some structural information about
the gland. Elastography is a non-invasive US
method that depicts the elasticity and stiffness
of the parenchyma to be measured in vivo
after deforming stress. It provides a quantitati
ve/qualitative measurement and a dynamic
visualization of this tissue stiffness in a wide
variety of clinical structures, especially in soft

Normal (0); abnormal (1)

Hyperechoic bands

None (0); <50% of the parenchyma (1); >50% (2)
Number of hypoechoic/anechoic area (mm)*

Size of the largest hypoechoic/anechoic areas (mm)**
Location of the hypoechoic/anechoic areas in the gland

None (0); isolated (<25% of the surface area) (1); localized

(25-50%) (2); scattered (>50%) (3); diffuse (4)
Number of abnormal lymph nodes in the gland***

Presence of normal lymph nodes at the upper and / or

lower poles of the parotid glands: no (0); yes (1)
Calcifications

No (0); yes (1)

Posterior border visible

No (0); yes (1)

Diagnosis advice of pSS based on the seven items
Ruled out (0); indeterminate (1); ruled in (2)

tissue examinations: breast, thyroid, muscle,
and salivary gland (Figure 13).

The different elastographic modalities are
based on the fact that different pathological
processes, which can be inflammatory, fibrotic,
or tumor, can cause disturbances in tissue
elasticity. As a tool, elastography is reproduc-
ible, measures differences in parenchymal
stress, and offers high precision in measure-
ments integrated into a color spectrum (elas-
tographic score). At the same time, it obtains
pressure ratios in numerical values thanks to

Quantitative variables were categorized as follows: *number of hypoechoic/anechoic areas: none (0), 1-4 (1), >5 (2); **size of the . - o ~
largest area: none (0), <2 (1), >2 (2), ***abnormal lymph nodes: no (0), yes (1). speoﬁc software. The appl|cab|l|ty of elastogra

Source: Adapted from Jousse-JoulinS et al RMD Open 2017;3:e000364. doi:10.1136/ rmdopen-2016-000364. phy in the study of liver, muscle, or breast tissue
pSS, primary Sjogren’s syndrome. has been progressively extended, but there are
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Figure 11. Parotid gland: high-resolution ultrasound of the parotid gland (EG) in grayscale from
a patient with Sjogren’s syndrome. Heterogeneity with numerous hypo/anechoic areas and cystic
appearance, without visibility of the posterior border.

Figure 12. A, B. Parotid gland: (A, B) high-resolution ultrasound of the same parotid gland (color
Doppler/power Doppler from a patient with Sjégren’s Syndrome). Heterogeneity with anechoic,
septa, and cystic images with loss of the posterior border.

Figure 13. Parotid gland: elastography of the right parotid gland from a patient with Sjégren’s
syndrome. Ultrasound machine with 4D imaging. (GE Logic 9). Heterogeneous density with cystic
areas and soft and compressible differentiated focal glandular images (S-red) and rigid non-

compressible areas (H-blue).

currently very few studies that have attempted
to influence the role that diagnosis of glandu-
lar involvement of SjS may have 3

To summarize, gray scale (EG) and CD or PD US
study for the SjS offers detailed information on
the structural lesions of the gland according to
the currently accepted score.*? In a short period
of time, it will become a necessary tool in the
diagnosis and monitoring of patients with SjS
since it could be key in improving diagnos-
tic sensitivity, increasing glandular structural
definition, describing the inflammatory versus

fibrotic pattern, and improving the monitoring
while reducing the number of salivary gland
biopsies. Conversely, although elastography
is also non-invasive, accessible, and fast, the
weakness of preliminary data does not allow
us to know the real role it has played so far.
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