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In last two decades, the use of ultrasound has assumed an increasingly important role in the assessment
of almost all rheumatic and musculoskeletal diseases. Over the years, much advancement has been made
in the sonographic evaluation of articular and periarticular structures, validating definitions of normal
sonographic appearance of various types of tissues and structures as well as elementary sonographic

KeyWOTdS'f ) lesions and scoring systems to apply in the detection and monitoring of inflammatory and structural
g}l‘te”ma“za“d musculoskeletal disease lesions. Since extra-articular involvement is very common in rheumatic and musculoskeletal diseases,
rasoun

there is growing interest and evidence on how ultrasound can be applied to the examination of differ-
ent tissues and organs beyond synovial joints. In this narrative review, we will provide an overview of
the available data on the use of ultrasound in the musculoskeletal system (joint, tendon, enthesis, mus-
cle) and extra-articular organs (cardiovascular system, salivary and lacrimal gland, lung, skin and nails),
including elementary lesions, scoring systems and their relevance to diagnosis, monitoring, prediction
and assessing treatment efficacy in rheumatic and musculoskeletal diseases.
© 2025 The Authors. Published by Elsevier Masson SAS on behalf of Soci6té Frandaise de
Rhumatologie. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).

Extraarticular involvement

1. Introduction many more [1,2]. As a practical, fast, repeatable, and widely acces-

sible tool, US can be performed in any setting, from the inpatient

In last two decades, the use of ultrasound (US) has assumed an
increasingly important role in the daily clinical practice of rheuma-
tologists all over the world, for assessing a wide range of rheumatic
and musculoskeletal diseases (RMDs) including inflammatory
arthritides (IA), such as rheumatoid arthritis (RA), spondyloarthri-
tis (SpA), psoriatic arthritis (PsA), polymyalgia rheumatica (PMR),
crystal-induced arthropathies (CIA), systemic lupus erythemato-
sus (SLE), idiopathic inflammatory myopathies (IIM), large-vessel
vasculitides (LVV), systemic sclerosis (SSc), Sjogren’s disease and
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ward to the outpatient clinic. Its low cost and non-invasiveness are
well accepted by patients, especially those who cannot undergo
magnetic resonance imaging (MRI) due to metal objects in the
body (e.g. pacemakers or implants) or claustrophobia. Moreover, its
safety makes it ideal for patients where ionizing radiation should
be avoided, such as pregnant women, or in whom contrast agents
cannot be administered, due to allergies or kidney failure. US allows
the multiplanar examination of different structures, all within the
same examination. Additionally, it enables dynamic visualization
of motion, such as the pulsation of blood vessels or the move-
ment of joints and tendons in real-time. This is especially relevant
for US-guided interventions. For all these reasons, US became an
established imaging technique on par with other commonly used
imaging modalities, such as conventional radiography (CR), com-
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Fig. 1. Main sites of the musculoskeletal system (a) and extra-articular organs (b) involved in rheumatic and musculoskeletal diseases assessed by ultrasound.

puted tomography (CT) and MRI for the assessment of patients
affected by RMDs [1,2].

Since the development of the first guidelines on US by the Euro-
pean Alliance of Associations Against Rheumatism (EULAR) in 2001
[3], continuous efforts have been made by the Outcome Measures
in Rheumatology (OMERACT) Ultrasound Working Group to reach
consensus and improve standardization of the US use in RMDs [4].

Definitions of elementary lesions based on grayscale (GS) and
the detection of blood flow through Doppler techniques (DT), such
as power Doppler (PD) and color Doppler (CD), have led to the
development of various scoring systems applied to both clinical
practice and research. With the increased uptake of the technique
among rheumatologists [2] over time the focus on inflammatory
and structural lesions of the musculoskeletal system expanded to
include extra-articular structures encompassing every tissue and
organ involved in RMDs.

This narrative review will provide an overview of the available
data on the use of US in the musculoskeletal system and extra-
articular organs (cardiovascular system, salivary glands, lung, skin
and nails) (Fig. 1), including elementary lesions, scoring systems
and their relevance to diagnosis, monitoring, predicting structural
damage and assessing treatment efficacy in RMDs. Although poten-
tially involved in RMDs, the US evaluation of other organs, such as
liver, spleen, gut, kidney, nerves, and lymph nodes, is beyond the
scope of this article.

2. Musculoskeletal system
2.1. joint

Broadly speaking the lesions affecting joints can be grouped into
inflammatory and structural changes. While there is considerable
overlap between the two (i.e. synovial hypertrophy or effusion,
classically considered to be an inflammatory lesion [5,6], certainly
changes joint structure), for the purpose of this review, we will
cover them separately.

2.1.1. Inflammatory joint changes
2.1.1.1. Synovitis. In the broad spectrum of RMDs, inflammation of
the synovium is one of the most frequent disease manifestations.

According to the latest OMERACT definitions, synovitis in grayscale
US is defined by the presence of hypoechoic, synovial hypertro-
phy regardless of the presence of effusion [7] (Table 1). A 4-grade
scoring system in GS has been combined with a 4-grade vascular-
ization score detected using Doppler signal (DS) to quantify the
severity of synovitis in both modalities in the global OMERACT-
EULAR synovitis scoring system [8,9] (Table 1). However, defining
a minimum number of joints to be included in a global US score
in RA remains an unmet need [10]. The EULAR recommendations
for the use of imaging in RA patients recommend US for establish-
ing diagnosis of RA, prediction of disease outcome, monitoring of
treatment efficacy and assessment of remission [11]. An increasing
number of studies have demonstrated that US is superior to clini-
cal examination in detecting inflammation, using MRI as reference
[12]. Especially in case of diagnostic doubt, when clinical exami-
nation and serologic tests are negative or inconclusive, the more
accurate assessment of inflammation can improve the diagnostic
certainty of RA [13]. The presence of US abnormalities in individ-
uals at risk to develop IA can predict progression to RA, with PD
conferring the highest risk [14], while the absence of US synovitis
at baseline may denote a negative predictive value of 89% after 12
months [15]. PD-positive synovitis can be detected by US evenin RA
patients in clinical remission, predicting structural progression and
possible future disease flares, yielding odds rations (OR) between
3.08 and 13.9 [12]. In difficult-to-treat RA patients and in those
with conditions that might compound assessment (e.g. obesity or
concomitant fibromyalgia), assessing the presence of inflammatory
activity based on clinical evaluation and composite indices may
be challenging. In these cases, US appears to be the most feasible
measure to detect “true” inflammatory activity [16].

The role of US in monitoring disease activity in RA has been
questioned by two treatment strategy trials [21,22], which failed to
show improvement in clinical outcomes compared to conventional
treat-to-target approaches, suggesting that systematic sonographic
monitoring is not justified. Although EULAR recommendations sup-
port the use of US due to its good responsiveness to changes in
inflammation and its ability to predict joint damage [11], there
are still no clear guidelines on which joints should be assessed,
at what timepoints, and in which patient populations. At the same
time, the value of US is increasingly recognized in the assessment
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Table 1
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OMERACT definitions and scoring systems for inflammatory lesions of the musculoskeletal system.

Inflammatory lesion

Definition

Scoring system

Synovitis [7-9]

Synovial effusion [5,6]

Tenosynovitis [7,17]

Enthesitis [7,18,19]

GS:
Hypoechoic SH regardless of the presence of
effusion or any grade of DS

DS

GS+DS

GS:

Abnormal hypoechoic or anechoic (relative to
subdermal fat, but sometimes may be isoechoic or
hyperechoic) intraarticular material that is
displaceable and compressible, but does not
exhibit DS

GS:

Tenosynovial widening either due to hypertrophy
or effusion, seen in two perpendicular planes

DS (Peritendinous)®:

within the widened synovial sheath, seen in two
perpendicular planes, excluding normal feeding
vessels

GS+DS:

Hypoechoic and/or thickened insertion of the
enthesis close to the bone (within 2 mm from the
bony cortex) which exhibits DS if active and that
may show erosions, enthesophytes/calcifications
as sign of structural damage

GS:

- Hypoechogenicity®: lack of the homogeneous
fibrillar pattern in the enthesis with loss of the
tightly packed echogenic lines after correcting for
anisotropy.

- Thickening®: increased thickness of the
tendon/ligament/capsule insertion into the bone as
compared with the body of
tendon/ligament/capsule, with or without blurring
of the tendon/ligament/capsule margins

DSP: seen at bone insertion, different from
reflecting surface artifact or nutrition vessel signal,
with or without cortical irregularities, erosions or
enthesophytes

0: No SH independently of the presence of effusion

1: Minimal (hypoechoic SH up to the imaginary horizontal line
connecting the 2 joint edges)

2: Moderate (hypoechoic SH protruding over the joint line along with
concave surface)

3: Severe (hypoechoic SH with or without effusion protruding beyond
the joint line with convex surface)

0: Absent

1: Up to three single Doppler spots; OR up to one confluent spot and
two single spots; OR up to two confluent spots

2:>Grade 1 but <50% Doppler signals in the total GS background
3:>Grade 2 (>50% of the total GS background)

0: No GS and no DS

1: Grade 1 GS and < grade 1 DS

2: Grade 2 GS and < grade 2 DS; OR grade 1 GS and a grade 2 DS

3: Grade 3 GS and < grade 3 DS; OR grade 1 or 2 GS and a grade 3 DS
0: No effusion

1: Minimal amount

2: Moderate (without distension of the joint capsule)

3: Extensive (with distension of the joint capsule)

: Absent

: Minimal

: Moderate

: Severe

: Absent

: Focal signal (ie, signals in only one area of the widened sheath)

: Multifocal signal (ie, signals in more than one area of the widened
sheath)

3: Diffuse signal (ie, signals filling most of the widened sheath)

NA

- O WN = O

N

0: No abnormalities

0: Absent 1: Hypoechogenicity alone

1: Present 2: Thickening and
hypoechogenicity plus

0: Absent calcification/enthesophyte

1: Present 3: Thickening and
hypoechogenicity plus

calcification/enthesophyte
and erosion

0: Absent 0: Absent

1: Present 1: 1 or 2 Doppler spots at
cortical insertion
2:>2 Doppler spots at
cortical insertion and up to
2 mm from cortical bone
3: Extensive DS at cortical

insertion
Hand Dactylitis [20] GLOUDAS components Score for each component Score range per finger

Synovitis of MCP, PIP and DIP (dorsal and palmar 0-3 for GS (see above) 0-9 for GS
recesses) 0-3 for DS (see above) 0-9 for DS
Tenosynovitis of FT (from MCP to DIP) 0-3 for GS (see above) 0-3 for GS

0-3 for DS (see above) 0-3 for DS
Enthesitis of EMCS, RCL at PIP, UCL at PIP, ET&N; VP 0-1 for GS (see above) 0-12 for GS
at MCP, PIP and DIP, FP A1- A5 0-1 for DS (see above) 0-12 for DS
SCT inflammation dorsal and volar (from MCP to 0-2 for GS 0-4 for GS
DIP) 0-2 for DS 0-4 for DS
Peri-ET inflammation at MCP and PIP 0-2 for GS 0-2 for GS

0-2 for DS 0-2 for DS

DIP: distal interphalangeal joint; DS: doppler signal; EMCS: extensor mechanism central slip; ET: extensor tendon; ET&N: convergent enthesis of the extensor tendon and
nail; FP: flexor pulley; FT: flexor tendons; GLOUDAS: GLobal OMERACT Ultrasound DActylitis Score; GS: gray scale; MCP: metacarpophalangeal joint; NA: not applicable;
OMERACT: Outcome Measures in Rheumatology Clinical Trials; PIP: proximal interphalangeal joint; RCL: radial collateral ligament; SCT: subcutaneous tissue; SH: synovial
hypertrophy; UCL: ulnar collateral ligament; VP: volar plate fibrocartilaginous portion.

2 Ifin addition to an abnormal peritendinous (ie, intra-sheath) signal an abnormal intratendinous signal is present in two perpendicular planes (ie, excluding intratendinous
small isolated signals that can correspond to normal feeding vessels detectable by US), then grades 1 and 2 would be increased by one point.

b <2 mm from the cortical bone
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of response to treatment, particularly in patients in whom pain
and active disease remain uncontrolled or new symptoms develop
despite therapy, and accordingly a number of treatment algorithms
have been proposed inrecent years that seek toimplement US in the
monitoring process [12,23,24]. In such cases, US can help identify
non-inflammatory causes of symptoms (e.g., mechanical or other
non-inflammatory) or support decisions regarding dosage escala-
tion or treatment changes. Additionally, in RA patients in clinical
remission, US may be useful for detecting subclinical inflam-
mation before considering disease-modifying antirheumatic drug
(DMARD) tapering or discontinuation. It can also aid in assessing
prognosis, as the presence of subclinical inflammation (particularly
DS) has been associated with structural damage or flare [11,12,24].

While the use of US in the spine is limited mostly to guiding
interventions, EULAR recommends the use of US in peripheral SpA
(including PsA) for the diagnosis and prediction of the response
to treatment, through the detection and monitoring of peripheral
enthesitis, synovitis, tenosynovitis, and bursitis [25]. Similar to RA,
US has demonstrated higher sensitivity as compared to clinical
examination, for the detection of joint involvement in peripheral
SpA, and in particular in PsA. Nevertheless, a standardized strategy
for the specific use of US in the diagnosis and management of PsA
has yet to be developed [26]. US is sensitive for detecting subclinical
changes in patients at risk of developing PsA, including those with
psoriasis (PsO) and concomitant arthralgia, showing more frequent
subclinical synovitis and enthesitis than those without arthralgia
or healthy controls [27,28]. This contributes to the establishment
of an earlier diagnosis and treatment of PsA, resulting in reduced
structural damage and improved patient-related outcomes. The lit-
erature data on the sonographic response to therapy in PsA are
limited compared to those in RA. However, changes in US synovitis
seem to appear very early, even within the first week of treat-
ment [29]. Data on the use of US for the detection of sacroiliitis, a
common early sign of axial SpA is conflicting, and currently not rec-
ommended [25]. This is primarily due to the challenging anatomical
constellation, especially the more anterior, synovial part of the
joint, which makes visualizing synovitis difficult.

The importance of US in evaluating PMR is highlighted by its
inclusion in the EULAR/American College of Rheumatology (ACR)
classification criteria from 2012 [30]. These criteria with US per-
form best in discriminating PMR from other IA (especially RA)
and from confounding diseases such as tendinopathies or crys-
tal deposition diseases [30,31]. Subacromial-subdeltoid bursitis,
biceps tenosynovitis, shoulder and hip synovitis, and trochanteric
bursitis are common findings in untreated individuals with PMR
[31]. However, the role of imaging for assessing relapse in PMR
remains unclear.

Recently, there has been growing interest in US as a potential
tool that may shed light on musculoskeletal involvement in SLE
[32]. High heterogeneity in the definition of elementary lesions and
intheir evaluation was revealed by a recent review by the OMERACT
US Working Group [33], and thus its use in routine clinical practice
for this indication remains limited at this time.

2.1.2. Structural joint changes

In the evaluation of structural damage, CT is considered as the
gold standard, and due to its wide accessibility, CR remains the
method of choice. However, since structural damage in RMDs can
occur early in the disease and CR may not show the damage at
such an early stage, US is a valid alternative [11] thanks to its high
sensitivity, reliability and feasibility in detecting structural damage
in RA [25,34].

2.1.2.1. Osteophyte. Osteophyte is the elementary lesion in
osteoarthritis (OA), either primary or secondary to IA (Table 2)
[7]. In the past 20 years, attention to US assessment of osteo-
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phytes in knee and hand OA has increased, with more limited data
available for the hip, ankle, midfoot, acromioclavicular, and tem-
poromandibular joints [35]. Depending on their size, a 4-grade
scoring system for assessing of osteophytes in finger joints in
hand OA was developed, demonstrating substantial to excellent
intraobserver and interobserver reliability [36]. A similar scoring
system has been developed for evaluating structural damage in
knee OA [37], the overall reliability of which has been found to
be good to excellent [35]. Although the foot is frequently involved
in OA, evidence for the use of US in this region is limited. A recent
semiquantitative scoring system for osteophytes in midfoot and
metatarsophalangeal (MTP) joints has shown only low to moder-
ate reliability (prevalence-adjusted bias-adjusted kappa 0.36-0.60)
[38]. Overall, US has demonstrated higher sensitivity for detecting
finger osteophytes compared to MRI [39], CR and clinical exami-
nation [40]. Furthermore, using histology as gold standard, US was
comparable to micro-CT (sensitivity of 80%, specificity of 32%) [41].
Considering its advantages, US is therefore recommended as a com-
plementary tool along with CR for confirming diagnosis of OA or
ruling out possible differential diagnoses, by simultaneously eval-
uating the soft tissues [42].

2.1.2.2. Boneerosion. Bone erosion, the hallmark of structural dam-
age in RA, is defined as a discontinuity of the bony cortex seen on
at least 2 perpendicular scanning planes (Table 2) [7]. An extension
of this definition has been suggested to distinguish them from cor-
tical breaks and include also extraarticular erosions [43,44] while
Cipolletta et al. [51] suggested the inclusion of further morpho-
logical features (size, site, shape and scenery). The number and
the size of erosions has been included in a semi-quantitative US
scoring system (Table 2) recently proposed by Mandl et al. [43,44].
Although limitations of acoustic window and transducer position
pose difficulties in detecting erosions in the entire joint, the most
specific sites (second and the fifth metacarpophalangeal joint, fifth
MTP joint and ulnar styloid) are nevertheless easily accessible to
US [51]. Like joint inflammation, joint damage detected by US can
also be considered for the prediction of further joint damage [52].

2.1.2.3. Malalignment and cartilage damage. Malalignment of the
jointas well as cartilage thinning and loss are part of the irreversible
articular damage seen in IA and OA. US has shown to be particularly
well suited for assessing hyaline cartilage, which cannot be directly
depicted by CR, and was shown to correlate with joint space width
and anatomical cartilage thickness [53,54]. Recently, the OMER-
ACT US working group has defined these two elementary structural
lesions and developed related semiquantitative scoring systems for
their assessment in finger joints (Table 2) [43,45].

2.1.2.4. Crystal deposition. In the last decade, US has been given
increasing relevance in the diagnosis and monitoring of CIA, such as
gout and calcium pyrophosphate dihydrate (CPPD) disease. Crystal
deposition can affect both articular (i.e. hyaline cartilage), periar-
ticular (i.e. tendon, ligament), and extra-articular (i.e. kidney, skin,
etc.) structures.

Gout is among the most common form of CIA caused by the
deposition of monosodium urate (MSU) crystals in different tissues
[55]. In 2015, the OMERACT US Working Group has described the
ultrasonographic elementary lesions of gout (Table 2) [46] and the
ACR/EULAR classification criteria have included US for the diag-
nosis of gout [56]. US is able to identify MSU deposition (double
contour sign (DCS), tophi, aggregates) as well as associated ero-
sions and synovitis. In particular, US detection of the DCS has been
shown to be both sensitive and specific, while tophi were found to
be sensitive but only moderately specific [46,57]. Given the poor
specificity (32%) of the previous definition, aggregates have been
redefined by OMERACT in 2021 (Table 2) and should be assessed



L. Kun, I. Gessl, G. Filippou et al.

Table 2

OMERACT definitions and scoring systems for structural lesions of the musculoskeletal system.

Joint Bone Spine 92 (2025) 105920

Structural lesion

Definition

Scoring grades

Osteophyte [7,36]

Bone erosion [7,43,44]

Malalignment [43]

Cartilage damage [43,45]

Gout double contour
[46,47]

Gouty tophus [46,47]

Gouty aggregate [47]

CPP deposition [48,49]

Tendon damage [50]

Enthesis calcifica-
tion/enthesophyte §
[7,18]

Entheseal bone erosion®
[7,18]

Myositis
Sarcopenia

GS:
Step-up bony prominence at the bony margin that
is visible in 2 perpendicular planes

GS:
Intra- and/or extraarticular discontinuity of bone
surface seen in 2 perpendicular planes.

GS:

Luxation (total dislocation of bone endings) or
subluxation (partial dislocation of bone endings)
with the joint in its standard position. Bone
position may be compared with a contralateral or
similar intact joint if available.

GS:

Loss of anechoic structure and/or thinning of
cartilage layer, and irregularities and/or sharpness
of at least 1 cartilage margin

GS:

Abnormal hyperechoic band over the superficial
margin of the articular hyaline cartilage,
independent of the angle of insonation, and which
may be either irregular or regular, continuous or
intermittent

GS:

Circumscribed, inhomogeneous, hyperechoic
and/or hypoechoic aggregation (which may or may
not generate posterior acoustic shadow), which
may be surrounded by a small anechoic rim

GS:

Bright hyperechoic isolated spots too small to
fulfill the tophi definition and characterized by
maintaining their high degree of reflectivity when
the insonation angle is changed

GS:

- in fibrocartilage, hyaline cartilage, and synovial
fluid: Hyperechoic deposits (similar to the bony
cortex) of variable size and shape that do not
create acoustic shadowing.

- in tendon/ligament: Linear deposits parallel to
the tendon fibers and not continuous with the
bone.

GS:

Internal and/or peripheral focal tendon defect (i.e.,
absence of fibers) in the region enclosed by tendon
sheath, seen in 2 perpendicular planes

GS:

- Calcification: Hyperechoic foci, with or without
acoustic shadow, detected at the enthesis

- Enthesophyte: Step-up of bony prominence, seen
in two perpendicular planes at the end of the bone
contour of the enthesis.

GS:

Cortical break with a step-down contour defect,
seen in two perpendicular planes, at the insertion
of the enthesis.

NA

NA

0: Absent
1: Minor

2: Moderate
3: Major size of osteophytes

0: Intact cortical bone

1: Single small erosion (diameter:
<2mm)

2: Single large erosion (diameter:
>2mm); OR 2 small erosions; OR 1
large and 1 small erosion

3: 2 large erosions; OR >3
erosions, regardless of size

0: Normal alignment

1: Subluxation or partial
dislocation, where the two bone
endings are malaligned, so that one
bone ending is dislocated from its
normal position, but still within
the articulation

2: Luxation or total dislocation,
where the luxated bone ending
moves beyond the articulation and
the opposing bone ending

0: Normal

1: Minimal change: focal thinning
or incomplete loss of cartilage

2: Severe change: diffuse thinning
or complete loss of cartilage

0: Absent

: Present

: Definite but minimal

: Definite and severe

w N =

0: Absent

1: Present

2: Definite but minimal
3: Definite and severe

0: Absent

1: Present

2: Definite but minimal
3: Definite and severe

0: No findings

1: <3 single spots or 1 small
deposition

2: >3 single spots or >1 small
deposition or > 1 larger deposition
occupying < 50% of the structure
under examination in

the reference image

3: Depositions that occupy more
than 50% of the structure under
examination in the reference image
0: Normal

1: Partial tendon damage seen in
two orthogonal planes

2: Complete tendon rupture seen
in two orthogonal planes

0: Absent

1: Present

0: Absent
1: Present

NA
NA

CPP: calcium pyrophosphate; GS: gray scale; NA: not applicable; OMERACT: Outcome Measures in Rheumatology Clinical Trials.

2 <2mm from the cortical bone.
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only ifother MSU deposits are present [46,47]. Gout-associated ero-
sions are usually multifocal and highly destructive and affect the
bone cortex below the tophi. The identification of bone erosions
provides moderate sensitivity but high specificity for the diagnosis
of gout [57,58]. In 2021, the OMERACT working group have further
developed a semiquantitative US scoring system for MSU deposi-
tion with good to high reliability for all the lesions [47,59] (Table 2).
According to literature data, the most commonly involved sites are
lower limb joints (foot, ankle and knee) [55] and the US evaluation
of the first MTP joints and the knees was shown to be a fast and
reliable scanning protocol for identifying gouty deposits in patients
with mono/oligoarthritis [47].

CPPD disease is a CIA related to the presence of CPPD crys-
tals in joints, tendons and/or ligaments [60]. US has demonstrated
high sensibility and specificity (up to 87% and 92% respectively)
compared to CR [61]. The definitions of CPPD depositions are sum-
marized in Table 2 [48,62]. When CPPD crystals deposit in the joint
capsule, the so-called pseudo-DCS can be observed [63] and may be
discriminated from the gout-related DCS through a dynamic scan
(moving the joint), especially in joints in which CPPD deposition is
uncommon, such as the first MTP joint [64]. Indeed, MSU deposits
form a superficial layer upon the surface of the hyalin cartilage,
while CPPD depositions are sited in the capsule. Therefore, when
the dynamic scan is performed, MSU deposition moves concor-
dantly with the underlying cartilage while CPPD deposition moves
in the opposite direction [63]. US has been introduced in the 2023
CPPD disease classification criteria as a diagnostic tool for identi-
fying CPPD deposition in peripheral joints [65] and, as in the latest
EULAR classification criteria for gout [56], high importance has been
given to US findings of CPPD deposition [65]. Furthermore, the first
OMERACT US scoring system has been developed and tested in 2024
(Table 2), representing the first step for monitoring the extent of
CPPD deposition over time [49]. The scoring system includes only
the examination of knees and wrists, which are the most involved
and reliable sites in the US evaluation of CPPD disease [66,67].

2.2. Periarticular structures

Along with articular changes, US can also be used to study peri-
articular structures such as tendons, muscle or ligaments.

2.2.1. Tendon involvement

Tendon involvement may appear during the course of several
RMDs in the form of tenosynovitis or tendon damage. The OMER-
ACT definition and scoring system of tenosynovitis in GS and DT
is reported in Table 1 [7,17]. Depending on the peritendinous or
intratendinous location of Doppler signal, the severity of tenosyn-
ovitis may vary. This OMERACT semiquantitative scoring system
has shown high sensitivity to change in patients with RA [68], with
excellent intraobserver and interobserver reliability [69]. Baseline
tenosynovitis on ultrasound appears to be predictive of erosive pro-
gression at 1 year (OR 7.18) and 3 years (OR 3.4) [70], and increased
risk of having a flare after 1 year (OR: 9.8) [71] in patients with
RA. Tendon damage has been defined in 2014, showing excellent
intraobserver (k 0.91) and good interobserver (k 0.75) reliability
[50] (Table 2). The damage score of the most impaired tendons
at wrist and ankle (extensor carpi ulnaris and tibialis posterior)
has been shown to correlate with structural damage (P<0.001) and
disease duration (P<0.0001) [72].

2.2.2. Enthesis

The US evaluation of enthesis is of key importance in SpA, espe-
cially in PsA, given its primary role in pathogenesis [73] and being
one of the target domains for DMARD therapy [74,75]. Several US
definitions of enthesopathy and related scoring system have been
proposed over the years [76].
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The latest OMERACT definitions and related scoring system
(Tables 1 and 2) [7,18] distinguish between active inflammatory
(DS at the enthesis, hypoechogenicity and increased thickness
of the enthesis) and structural changes (erosions and calcifi-
cations/enthesophytes). When comparing patients with SpA to
patients with non-inflammatory conditions (such as OA and
fibromyalgia), DS at the enthesis and bone erosions emerged as
the most discriminative US lesions of enthesitis in SpA, with the
Achilles tendon being the most discriminative entheseal site [77].
Among the inflammatory enthesitis lesions, DS at the enthesis
was the least frequently observed but most specific finding for
SpA, while entheseal thickening had the highest prevalence but
the lowest specificity. Among structural changes, bone erosions
showed greater specificity but lower sensitivity compared to enthe-
sophytes/calcifications for SpA. Therefore, a new definition of active
enthesitis highlighting the relevance of DS at enthesis has been pro-
posed to improve the specificity of US enthesitis in SpA [77]. Further
modifications of the enthesitis semiquantitative score have been
applied in a recently published phase 3 randomized clinical trial,
the first to use US as a primary outcome measure (Table 1) [19]. A
significant reduction in the US enthesitis scores was shown in PsA
patients treated with secukinumab compared to the placebo group
at week 12, with sustained improvement to week 52 [19]. In this
regard, other studies confirmed a reduction in the US inflammation
of clinical and subclinical enthesitis after treatment with DMARDs,
in patients with PsO [78] and SpA [79]. All these results are based on
large entheses, mainly of the lower limb, and may not be applicable
to the recently described small entheses of the hands [20] (Table 1).
From the 32 validated small entheses, the experts included only 12
in the GLobal OMERACT Ultrasound DActylitis Score (GLOUDAS),
showing good to excellent intraobserver (k 0.80-0.88) and inter-
observer (k 0.39-0.71) reliability [20] for assessing dactylitis, an
essential feature of PsA often associated with a more sever disease
phenotype [80]. Overall, despite the variability in definitions, there
is growing evidence of the importance of the sonographic assess-
ment of enthesitis in PsA, from early diagnosis to monitoring of
treatment response [76]. However, further studies are still required
for implementing the OMERACT enthesitis score in clinical trials
and daily practice.

2.2.3. Muscle

The assessment of muscle is of vital importance in IIM, a group
of autoimmune diseases leading to muscle inflammation and wast-
ing. Muscle biopsy is currently considered as the gold standard
diagnostic tool, but non-invasive imaging methods, including US
and elastography, have been increasingly investigated over the
years [81]. While the available evidence is highly heterogeneous,
with a lack of clearly accepted definitions and standardized pro-
tocols, a small number of studies have nevertheless demonstrated
face, content, criterion and construct validity for US when com-
pared against histology and non-gold standard tests (CT, creatinine
kinase, C-reactive protein, electromyography and clinical exam-
ination). Echogenicity and vascularity were the variables most
compared. [81]. Beyond IIM, US evaluation of the muscle can also
reveal the presence of sarcopenia, a very common muscle disease
characterized by reduction of muscle mass and muscle strength
[82]. Primary sarcopenia typically occurs with aging, whereas
secondary sarcopenia may develop in patients with RMDs as a
consequence of reduced mobility, chronic inflammation, and corti-
costeroid use. In a recent study, multimodal US has been suggested
to identify early sarcopenia-related muscle involvement in RMDs,
through the simultaneous assessment of muscle mass (i.e. muscle
thickness), muscle quality (i.e. muscle echogenicity), and mus-
cle stiffness (measured with point shear-wave elastography) [83].
Further studies on the definition of target domains, standardized
scoring systems and acquisition protocols in the evaluation of mus-
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cular involvement in RMDs are required to provide more reliability
and feasibility data.

3. Extra-articular organs
3.1. Cardiovascular system

3.1.1. Vasculitis

US is increasingly used by rheumatologists in patients with (sus-
pected) LVV such as giant cell arteritis (GCA) and Takayasu arteritis
(TAK). GCA is the most common primary vasculitis in adults. It
involves medium- to large sized arteries, mainly cranial arteries
such as the temporal arteries, but also the aorta and its branches
[84,85]. Historically, the diagnosis of GCA was made based on a
combination of clinical and serological findings together with tem-
poral artery biopsy, which was regarded as the gold standard.
However, the latter is an invasive procedure with side effects and
lacks sensitivity, especially in the case of extracranial large vessel
GCA (LV-GCA). The use of US in the diagnostic workup of GCA, in
particular the hypoechoic halo in the temporal arteries was first
proposed in 1995 [86]. This was followed by definitions of ele-
mentary sonographic features of GCA [87] (Table 3). The halo- and
the compression sign are the primary US lesions to detect signs of
cranial and/or LV-GCA showing excellent inter- and intra-rater reli-
ability [87]. The relevance of sonography in the diagnosis of GCA
is reflected in the 2022 EULAR/ACR classification criteria, which
include both US-detected halo sign of the temporal artery and/or
the axillary arteries [88]. The 2023 EULAR recommendations sug-
gest US of the temporal and axillary arteries as the first imaging
method in suspected GCA. In contrast, MRI should be the first imag-
ing method in suspected TAK while US is recommended as an
alternative imaging method. They state that US “may be consid-
ered” in case of suspected relapse and “may be used” to monitor
structural damage in both GCA and TAK. However, these recom-
mendations had poor level of evidence [89]. A recently developed
score based on the measurement of the intima-media thickness
(IMT) of temporal and axillary arteries enables the follow-up of
patients with GCA using US [90] (Table 3).

A novel ultrasonographic approach to GCA is represented by
transorbital US, which investigates intracranial involvement by
measuring the optic nerve and diameter of its sheath, as well as
central retinal artery vascular flow [94-96]. However, current evi-
dence remains preliminary, as the small sample sizes and limited
follow-up duration limit applicability in clinical practice as of now.

Implications of US in other vasculitides besides GCA and TAK
include the detection of thrombosis in Behcet’s disease [97]. Taken
together, US of the temporal and axillar arteries is important in
the diagnoses of GCA. The use of US in monitoring in this group of
diseases has to be assessed in future studies.

3.1.2. Cardiovascular risk

Patients with RMDs are known to have a higher cardiovascu-
lar risk [98-100]. The European Society of Cardiology suggests to
consider arterial US in individuals with low or moderate risk as the
detection of carotid or femoral plaques provides important infor-
mation regarding an elevated cardiovascular risk [101]. Studies
have shown that patients with several RMDs such as RA, PsA or
SLE have higher carotid IMT as compared to controls [102-104].
Thus, US of the carotid or femoral arteries should be considered
in patients with RMDs, especially those without traditional risk
factors or documented atherosclerotic cardiovascular disease.

3.1.3. Heart involvement

Heart failure, myocarditis, pericarditis, valvular damage, and
pulmonary arterial hypertension (PAH) are common complica-
tions of RMDs, responsible of morbidity and mortality in the most
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severe cases. Trans-thoracic echocardiography (TTE) is the first-line
imaging used in the detection of these alterations, as it is able to
characterize the severity of the damage and monitor the progres-
sion of the heart involvement in RMDs. This technique is entrusted
to cardiologists. However, it is the rheumatologist’s responsibility
to recognize the appropriate timing and clinical context for recom-
mending a TTE. There is no consensus on the timing of sonographic
screening, except for asymptomatic patients affected by SSc with
no history of heart involvement, for whom an echocardiography is
recommended at diagnosis and annually to detect possible primary
cardiac involvement or PAH [105,106]. Recently, speckle-tracking
echography has raised attention as an advanced echocardiographic
technique to detect and measure subclinical myocardial dysfunc-
tion, improve patient stratification and risk management over time
[107].

3.2. Salivary and lacrimal glands

Sjogren’s disease (SD) is a chronic autoimmune disease mainly
affecting exocrine glands, particularly salivary and lacrimal glands
[108]. Although SD is usually diagnosed encompassing clinical
manifestations as well as laboratory and histologic features, imag-
ing techniques such as US are becoming increasingly relevant.
While the value of salivary gland ultrasound (SGUS) has been rec-
ognized for many years, lacrimal gland ultrasound (LGUS) is an
emerging tool.

3.2.1. Salivary gland

The use of SGUS for diagnosing SD has been extensively stud-
ied and 33 different ultrasonographic scores have been proposed
[109], though most of them have moderate to high risk of bias. In
2019, OMERACT has developed a novel US semiquantitative scoring
system [91](Table 3) for the evaluation of the parotid (PG) and sub-
mandibular gland (SMG), based on gland inhomogeneity and the
presence and extension of anechoic/hypoechoic areas, showing a
good to moderate correlation with histology [110,111]. Further-
more, SGUS grade >2 in PGs and/or SMGs has been associated
with low salivary flow rates [112] and high sensitivity and speci-
ficity for SD diagnosis [110]. Although not included in the OMERACT
scoring system, other characteristic features as hyperechoic bands
should be assessed as present/absent. [91] Even though not specific,
an increased vascular signal has been found in patients with SD
compared to those with non-autoimmune sicca syndrome [113]. A
semiquantitative US scoring system (Table 3) for assessing the PD-
vascularization of salivary glands in SD has been proposed, showing
excellent intra/interobserver reliability [92]. Moreover, few stud-
ies have explored the use of sonoelastography in SGUS, reporting
an increased glands’ stiffness in patients with SD, even though
it is not standardized and requires further validation [114,115].
Considering labial salivary glands excisional biopsy as gold stan-
dard for diagnosing SD, US-guided parotid biopsies have been
proposed as a less invasive diagnostic technique for obtaining ade-
quate histological samples, as demonstrated in preliminary studies
[116,117]. Since both hypo/anechoic areas and hyperechoic bands
within the glandular parenchyma could also be found in mimick-
ing conditions, such as sarcoidosis and IgG4-related disease [118],
SGUS must be necessarily used on top of the clinical evaluation.
Notably, SGUS importance resides in its capacity to identify a seri-
ous complication, which occurs in around 10% of patients with
SD: mucosa-associated lymphoid tissue (MALT) lymphoma [119].
MALT lymphoma of the major salivary glands can have either a dif-
fuse or focal appearance [120]. Data on sensitivity and specificity of
USindetecting MALT lymphomain SD are not reported in literature,
as US is mainly adopted as a guidance tool for core needle biopsy.
However, a study including patients with SD reported US having
very high sensitivity and specificity (92.3% and 100%, respectively)
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Table 3
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OMERACT elementary lesions and scoring systems for the extra-articular organs involved in the rheumatic and musculoskeletal diseases.

Organ Elementary lesion Definition Scoring grades
Vessels [87,90] IMT of the right and left common NA OGUS:
trunk of superficial temporal Sum of IMT measured® in every segment
arteries with their frontal and ¢divided by the rounded cut-off values of
parietal branches (6 segments) and IMT in each segment (common trunk of
the axillary arteries (2 segments)? superficial temporal arteries, 0.4 mm;
temporal artery branches, 0.3 mm; axillary
arteries, 1.0 mm)
Halo sign GS: Halo count:

Homogenous, hypoechoic wall thickening,
well delineated towards the luminal side,

Sum of halos (absent =0, present=1) in
every segment (range 0-8)

visible both in longitudinal and transverse
planes, most commonly concentric in
transverse scans.

Compression sign of temporal GS: NA
arteries The thickened arterial wall remains visible
upon compression; the hypoechogenic
vasculitic vessel wall thickening contrasts
with the mid-echogenic to hyperechogenic
surrounding tissue
Heart NA NA NA
Salivary gland [91,92] PG and SMG abnormalities GS: Grade for each gland
Focal or diffuse anechoic/hypoechoic foci 0: normal
1: Minimal change: mild inhomogeneity
without anechoic/hypoechoic areas and
hyperechogenic bands
2: Moderate change: moderate
inhomogeneity with focal
anechoic/hypoechoic areas
3: Severe change: diffuse inhomogeneity
with anechoic/hypoechoic areas occupying
the entire gland surface or a fibrous gland.
Ds¢ Grade for each gland
0: No visible vascular signals
1: Focal, dispersed vascular signals
2: Diffuse vascular signals detected in
<50% of the gland
3: Diffuse vascular signals in > 50% of the
gland
Lung [93] Pleural line irregularity GS: NA
A loss of regularity that may be associated
with an increase in thickness (either focal,
diffuse, linear, or nodular)
B-line GS: NA
A vertical hyperechoic reverberation
artifact that arises from the pleural line,
extends to the bottom of the screen
without fading, and moves synchronously
with lung sliding
Skin and nail NA NA NA

DS: Doppler signal; GS: gray scale; IMT: Intima-media thickness; NA: not applicable; OGUS: OMERACT Giant Cell Arteritis Ultrasonography Score; OMERACT: Outcome
Measures in Rheumatology Clinical Trials; PG: parotid gland; SMG: submandibular gland.

2 Not considered as an OMERACT elementary lesion but as part of the provisional OGUS.

b The IMT should be measured in the area of greatest thickness and at the thickest wall (superficial or deep wall). At temporal arteries, it may be an alternative to compress
the vessel until no lumen or blood flow is visible with measurement of both walls dividing the result by 2.

¢ In case of missing segments (eg, due to anatomical variants), all available segments will be considered. Segments where a biopsy has been performed should be excluded.

The score will then be divided by the number of evaluated segments.
d Halo count is recommended only if OGUS cannot be determined.

¢ Vessels that are part of the normal vascularization of salivary glands should not be scored.

when both large hypoechoic areas, hyperecoic bands, and parotid
gland stiffness (assessed by sonoelastography) are evaluated [121].

3.2.2. Lacrimal gland

LGUS has only been the focus of a few publications and specific
definitions and scores are still lacking. According to preliminary
studies conducted in the last few years, the lacrimal glands in SD
appear inhomogeneous and fibrotic bands can be found within the
parenchyma [122].In a recent study, the OMERACT US scores (both
GS and PD) for salivary glands evaluation have been applied to
lacrimal glands in a small cohort of patients with SD, showing good
interobserver reliability for the total score [123]. Further, sonoe-

lastography has also been assessed in LGUS, with lacrimal gland
stiffness significantly correlating with clinical dryness scores in
patients with SD and discriminating patients from healthy subjects
with sensitivity of 94% and specificity of 87% [124].

3.3. Lung

Pulmonary involvement can occur in RMDs in the form of inter-
stitial lung disease (ILD), worsening morbidity and mortality in
numerous conditions such as SSc, RA, SD and IIM. Although high-
resolution computed tomography (HRCT) is currently considered as
the gold standard examination for the diagnosis of ILD, the use of
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lung US (LUS) in RMDs has increased over the last 10 years, espe-
cially in SSc [125,126]. LUS does not represent directly the lung
parenchyma but generates a thin horizontal hyperechoic line, the
pleural line (PL), and vertical artifacts, the B lines (BL), that interrupt
the PL in cases of increased lung parenchyma density or parenchy-
mal air reduction. The presence of BL provides indirect information
about a potential damage of the subpleural field and its low speci-
ficity is explained by its detection in many pulmonary conditions,
such as ILD, pneumonia or cardiogenic pulmonary edema [127]. PL
irregularity and BL are consensus-based definitions for US-detected
ILD findings, with moderate inter-reader, and good intra-reader
reliability [93] (Table 3). In several studies on SSc-ILD, BL have
been shown to positively correlate with HRCT scores and capil-
laroscopic damage, whereas a significant negative correlation has
been demonstrated with diffusing capacity of the lungs for carbon
monoxide (DLCO) and forced vital capacity [125]. Further, the num-
ber of baseline BL has been associated with the DLCO worsening at
12 months [128] and with the ILD progression at 28 months [129].
Conversely, reduction of BL and PL irregularities has been demon-
strated after 12 months of antifibrotic treatment [130]. Despite all
this data, there is currently no consensus on a standardized pro-
cedure of image acquisition, on the type of transducer to use, and
on the scoring system to quantify ILD by LUS [93,126]. Since fea-
sibility is essential in implementing a technique in daily clinical
practice, many abbreviated LUS examination protocols have been
proposed for a less time-consuming approach [125]. The postero-
basal chest assessment alone may be mostly effective and useful
for the screening of SSc-ILD [131]. Validation of LUS in RA, SD and
IIM is still in early stages [125], but promising results have been
achieved already for RA-ILD [ 132]. Interestingly, compared to other
RMDs, RA-ILD patients may present other LUS abnormalities, such
as pleural nodules, in addition to BL and PL irregularities [133].
Overall, current data suggest that LUS may represent a valuable
tool for screening lung involvement in patients with RMD at risk of
developing ILD. Considering that ILD patients may remain asymp-
tomatic or oligosymptomatic for along time, areliable non-invasive
tool with high sensitivity and negative predictive value such as LUS
[134,135] may facilitate the early signs of ILD detection and identify
patients who need HRCT.

3.4. Skin and nail

The advent of high-frequency and ultra-high frequency US has
revolutionized the dermatological assessment of patients affected
by SSc, PsO, IIM and SLE. Given the invasiveness of skin biopsy, the
current gold standard technique in diagnosis, US proves to be a valid
and non-invasive tool for diagnosis and monitoring of skin and nail
involvement in RMDs [136-138]. However, consensus agreement
ondefinitions of elementary lesions, scoring systems, and standard-
ized protocols on the US evaluation of nail, epidermis, dermis, and
hypodermis are currently lacking. Consequently, the OMERACT US
working group is set to address this topic in the near future, with
the aim of providing greater clarity, standardized definitions, and
reliable outcomes, adhering to the established methodology [4].

4. Conclusion

It is evident that US is widely used tool in the field of rheumatol-
ogy. Numerous studies support its high importance in the diagnosis
and management in the musculoskeletal system, increasing the
early detection of the disease, improving the outcomes and inter-
rupting the progression towards structural damage. However,
further research is required to standardize the scoring systems
and to optimize its application in the extra-articular organs. US
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can be employed in daily clinical practice as a fast and economic
complementary instrument to conventional clinical assessment.
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