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Abstract
Ultrasound has been widely explored in systemic sclerosis in the clinical and research settings. Ultrasound allows a
non-invasive and ionising radiation-free ‘window’ into this complex disease and is well-suited to repeated examinations.
Ultrasound provides novel insights into the pathogenesis and measurement of disease in systemic sclerosis, including
early (preclinical) internal organ involvement. The purpose of this review is to describe the role of ultrasound to foster
clinical and research advancements in systemic sclerosis relating to (1) musculoskeletal, (2) digital ulcer, (3) lung disease
and (4) skin disease. We also highlight unmet needs which much be addressed for ultrasound to assume a central role in
systemic sclerosis clinical care and research.
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Systemic sclerosis (SSc) is characterised by tissue fibrosis of the skin and other major internal organs, inflammation and autoimmunity and systemic vasculopathy.1,2

Considering such broad-ranging pathology, using clinical assessment alone to define the presence and/or extent
of the disease is often very challenging, especially in
early disease. Ultrasound (US) allows a non-invasive
and ionising radiation-free ‘window’ into this complex
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disease and is well-suited to multiple (repeated) examinations. The purpose of this review is to describe the role
of US to foster clinical and research advancements in
SSc relating to (1) musculoskeletal (MSK), (2) digital
ulcer (DU), (3) lung and (4) skin involvement.

Methods
The breadth of this review was not amenable to a formal
systematic literature review owing to the need to identify
and appraise a broad range of sources of information for
each of the four main topics. The different search
approaches for the topics will be described within the body
of the relevant sections.

MSK
Search strategy
We reviewed all relevant scientific articles regarding US in
SSc published in the last 15 years, according to the preferred reporting items for systematic review and metaanalysis (PRISMA) guidelines.3
We also performed a systemic research on electronic
databases (PubMed and EMBASE) using the following
search terms in all possible combinations: US, ultrasonography, sonography, SSc, tendons, joints and musculoskeletal. In addition, we evaluated all the articles concerning
studies in humans, published between January 2005 and
May 2020, removing duplicates. Two independent rheumatologists screened all the titles, abstracts and full
reports of articles identified, and in case of disagreement,
a third investigator was consulted, obtaining a consensus.
Exclusion criteria were case reports, letters to the editor,
non-human studies and articles not published in English.

Introduction
MSK involvement is common in patients with SSc and the
clinical manifestations are highly variable, ranging from
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arthralgias to frank arthritis, contractures and tendon friction
rubs (TFRs).4 Joint symptoms are reported by 24%–97% of
patients with SSc during the course of their disease5,6 and are
present in 12%–66% of patients at the time of diagnosis.7,8
However, accurate clinical evaluation of MSK involvement
in patients with SSc is often challenging, for example, due to
extensive skin involvement and joint contractures.4 Whereas,
US allows the presence and extent of broad-ranging pathologies to be easily defined including (but not limited to) inflammatory abnormalities (synovitis, tenosynovitis and
enthesitis), non-inflammatory disease and neuropathies.4
Joint involvement is a major contributor to disability in SSc
and synovitis and TFRs have been reported to be predictive
of overall disease progression. Therefore, accurate characterisation of MSK involvement allows identification of highrisk patients of disease progression and poor outcome, with a
view to early therapeutic intervention.9

Joints and tendons
MSK imaging can play an important role in identifying
articular pathologies in patients with SSc, including in the
absence of overt clinical signs of arthritis and non-inflammatory arthropathy (Figure 1).4,10
The high prevalence of US synovial involvement is
well established in SSc, including foot involvement.11–16
However, the presence of synovitis is significantly underestimated by clinical examination alone compared to
US.11,14–17 In a meta-analysis which included seven studies, the prevalence (95% confidence interval) of radiologically detectable (by plain radiography) and clinical
arthritis was reported to be 26% (16.7, 36.1%) and 23%
(14.9, 30.9%), respectively.18 Similarly, inflammatory
tendon disease is common in SSc and US is superior to
clinical examination in detecting the presence of tenosynovitis.12,16,19,20 For example, in the study by Chitale
et al.,17 which included 17 patients with SSc reporting
arthralgia and no overt inflammatory arthritis on clinical
examination, the prevalence of tenosynovitis at baseline
and 6 months was 46% and 47%, respectively.17

Figure 1. Inflammatory joint and tendon disease in SSc as assessed by MSK US. (a) Synovitis: metacarpophalangeal joint in dorsal
scan showing synovitis with synovial proliferation and intra-articular power Doppler signal. (b) Tenosynovitis: transverse can of the
tibialis tendon which demonstrates moderate tenosynovitis.
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US has also revealed novel insights into the origin of
TFRs in SSc.4,10 Thickening of the wrist extensor and
flexor tendons of the retinaculum and tenosynovitis has
been proposed to be the morphological substrate of
TFRs in SSc.21,22 Increased A1 pulley thickness as
assessed by US has been described in patients with
SSc23,24 and reported to correlate with impaired hand
mobility.23 Furthermore, in addition to A1 pulley thickening, localised peritendinous and soft tissue calcifications (as visualised by US) have been postulated to
potentially play a role in the pathophysiology of SSchand contractures through causing mechanical impingement of the finger flexion mechanism.24

Enthesitis
Kilic et al.25 conducted a cross-sectional single-centre
study aimed to investigate the presence and distribution
of enthesopathy in SSc. Patients with SSc had significantly higher Madrid sonographic enthesitis index
(MASEI) scores than the healthy controls. In addition,
the tendons and ligaments were thicker in the SSc group.
There was a positive correlation between MASEI score
and age, modified Rodnan skin score (mRSS) and severity of dyspnoea and a negative correlation with handgrip
strength.25 Terenzi et al.26 conducted a cross-sectional
study which sought to estimate the prevalence of entheseal and synovio-entheseal complex (SEC) alterations in
SSc. Glasgow Ultrasound Enthesis Scoring System
(GUESS) was significantly higher in patients than in
healthy controls, including lateral epicondylar common
extensor tendon (CET) enthesis. In addition, power
Doppler (PD) CET enthesis, including SEC involvement,
was significantly more frequent in patients with SSc
compared to in healthy controls.26 The authors remarked
that the high frequency of enthesopathy in SSc, and in
particular, CET enthesopathy was correlated with SEC
inflammation, which could suggest that entheseal inflammation in SSc may share the same micro-anatomical targets observed in spondylarthritis.26

Nerves
Neurological complications in patients with SSc are mostly
related to the entrapment neuropathies such as carpal tunnel syndrome and ulnar nerve entrapment at the elbow.27,28
Median nerve dimensions, including area, have been
reported to be increased in patients with SSc (even if
asymptomatic)29 and reduced nerve density has been
observed particularly in symptomatic patients.30 In a small,
uncontrolled study which included 12 consecutive patients
with SSc and intractable hand pain, US-guided carpal tunnel hydrodissection followed by corticosteroid injection
was reported to reduce pain and improve digital vasculopathy (number of Raynaud’s attacks and healing of ulcers).31
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Summary of MSK US
MSK involvement in SSc is wide-ranging and is a significant cause of pain and disability associated with the
disease. US allows novel insight into MSK complications including inflammatory and non-inflammatory disease, thereby allowing early identification and initiation
of treatment.

Digital ulcers
A remarkable contribution of US in assessment of SSc-skin
ulcers, as a tool to diagnose DU and to test therapy is
recently noted. However, the degree to which US is validated for use in SSc DU should be ascertained. Without
such validation, studies of treatment success/failure or diagnosis should be viewed very conservatively. For this reason,
the state of validation of US for DU in SSc was examined.
A systematic literature review was undertaken to examine the validity of US for digital ulcers in SSc. The following search criteria were applied within the Cochrane
Library, Web of Science and National Institutes of Health’s
National Library of Medicine (PubMed) to facilitate the
identification of relevant manuscripts: ‘(systemic sclerosis
OR scleroderma OR CREST) AND (ultrasound OR ultrasonography OR US) AND (ulcer* OR digital ulcer*)’.
Two investigators examined the results and verified appropriate titles and abstracts according to pre-defined inclusion/exclusion criteria. When agreement was not achieved,
a third investigator was consulted.
The titles and abstracts of journal articles identified
from these searches formed the mainstay to identify the
relevant work, alongside additional searches of the manuscripts cited within these articles for any missed, relevant
published articles.

DU US
Hughes et al.32 utilised high-frequency (35 MHz) US to
examine a spectrum of DUs, including those on the fingertips,
overlying the extensor (dorsal) aspects, and in relation to
underlying subcutaneous calcinosis (Figure 2). The mean
depth and width were 0.99 (0.45) and 5.74 (2.16) mm,32
respectively, which highlight the inherent challenge of visual
assessment of ulcers alone. Lower frequency (5–18 MHz) US
has also been successfully utilised by Suliman et al. (Suliman,
Kafaja and Fitzgerald, 2018) where they used both grey scale
and PD signals, a skin ulcer was defined as (a) focal loss of
epidermis and/or partial dermal loss or (b) focal loss of the
epidermal layer and/or partial dermal loss and replacement by
irregular hyperechoic tissue located below the level of the
surrounding normal epidermis. Non-ulcer lesions were
lesions of the epidermal layer that may appear as irregular
hyperechoic tissue at the same level or above the level of the
surrounding normal epidermis. Eight lesions were defined as
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Figure 2. DU US. (a) Fingertip DU with high-frequency US images of the (b) ‘long’ and (c) ‘short’ axis indicating the ulcer width
(red bars) and depth (yellow bars).
Adapted from Hughes et al.32

ulcers, 13 as non-ulcer lesions, 5 lesions showed underlying
calcinosis and 3 ulcers showed higher PD signal.33
Furthermore, the authors demonstrated that higher ulcer PD
signal was likely due to infection and that antibiotic treatment
was associated with improvement in ulcer-associated pain
and Doppler signal.33

Unmet needs and limitations
There is evidence to support face validity of DU US in
SSc.32–37 Early data are also encouraging with evidence for
content and criterion validity35 and responsiveness.36
However, neither construct validity nor discrimination
have been adequately shown. One of the main current limitations is that DU US requires specialist training and
equipment, thus limiting feasibility to centres with appropriate equipment and training, which is adequate for clinical trials. In clinical practice, practical use can be supported
but its sensitivity/specificity in that setting has not been
clearly documented. The potential for future wider-spread
adoption exists although, in addition to the cost of the
equipment and necessary training, factors such as the optimal frequency of the US probe is yet to be determined.

Summary of DU US
DU US has a very promising role in defining skin ulcers in
patients with SSc and may support the assessment of DU
morphology, extent and underlying pathology.38 It can
also, once fully validated, improve the ability to discover
effective treatment for this very painful and function-limiting aspect of SSc. Future research is required to fully
validate this modality and to optimise the technical aspects
and other required requisites of this technique.

Lung
Search strategy
All relevant scientific articles were evaluated regarding
interstitial lung disease (ILD) in SSc according to the

PRISMA guidelines.3 We performed a systematic research
on the electronic databases (MEDLINE) using free terms
and medical descriptions (e.g. MeSH terms) in all possible
combinations: ‘Ultrasonography’, ultrasound, sonography,
ultrasonography, ‘Lung disease, interstitial’, interstitial lung
disease, interstitial fibrosis, interstitial pulmonary fibrosis,
pulmonary fibrosis, ‘Scleroderma, Systemic’, scleroderma
and systemic sclerosis. Articles that were already known to
the authors of this review were also included. Research
results were screened to avoid duplicates.
We evaluated all the articles concerning studies published between January 2005 and April 2020. Titles,
abstracts and full reports of the identified articles were systematically screened concerning inclusion and exclusion
criteria. A study was deemed eligible if it included at least
one defined group of patients with SSc and reported a
structured evaluation of the lung US (LUS). We excluded
from this review articles not published in English, case
reports, reviews, meta-analysis and non-human studies.

Introduction
Interstitial lung disease (ILD) is common in SSc and
remains the major cause of death in these patients despite
continuous advances in treatment.39,40 Therefore, clinicians must remain constantly mindful of this potential
complication and adopt an accurate strategy to detect ILD
in the very earliest stages, with a view to close monitoring
and/or therapeutic intervention.40
Imaging plays a key role in the management of SScILD. Chest high-resolution computed tomography (HRCT)
is currently considered to be the ‘gold standard’/reference
imaging technique that is used to establish the diagnosis of
ILD and has important prognostic implications.41 However,
HRCT is unsuitable for frequent screening of the lung
parenchymal modifications due to high costs, ionising
radiation and ethical issues.42 Our current approach to the
assessment of SSc-ILD, which includes plain chest radiography, pulmonary auscultation and pulmonary function
tests (PFT), is insensitive to detect early ILD. Therefore, as
an effort to fulfil this gap, many authors have proposed

Hughes et al.
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Figure 3. LUS in SSc. (a) Normal LUS. Advanced ILD (B-lines and pleural line alterations) using (b) convex and (c) linear probes.

LUS as an imaging technique that is able to assess SScILD,43–60 even in the earliest stages.49,51
Preliminary studies have demonstrated reasonable
correlation between LUS and HRCT findings in the
detection of ILD in established patients with SSc.43
Following these observations, successive works have
confirmed the utility of LUS in SSc-ILD, including adequate correlations with PFT and diffusion capacity of
carbon monoxide (DLCO). In addition, US scoring systems, which quantify the severity of SSc-ILD, have been
proposed.53,61 The utility of LUS in the diagnosis of ILD
in very early SSc55 and more recently, its potential for
the detection of SSc-ILD in asymptomatic preclinical
stages51 have also been described. Recent research has
been focused on the predictive value of LUS,50,52 which
is opening new perspectives for the application of US as
a screening method for SSc-ILD in clinical practice.
Although these compelling arguments for the role of
LUS in SSc, currently there is no strong consensus regarding the role of LUS in the diagnosis and/or prognosis of
SSc-ILD. Therefore, the main purpose of this section is to
provide an overview of the potential role of the US in the
assessment of SSc-ILD, including established and preclinical stages and to discuss the current evidence supporting
its clinical applications in the daily clinical setting.

Methodological aspects
The main LUS signs for ILD-SSc assessment are B-lines
and pleural line alterations (Figure 3). B-lines are defined
as discrete laser-like vertical hyperechoic reverberation
artefacts that arise from the pleural line62 and can be evaluated by various types of transducers without any clinically
important differences.44 However, convex or phased-array
probes are considered to be the best transducers to identify
B-lines, especially for the purpose of quantification/semiquantification. Whereas, pleural line alterations are better
visualised by a linear or convex probe (Figure 3). Therefore,
a convex (or microconvex) probe is probably the better
choice to combine both types of assessments with one

probe. The depth is usually set according to patient’s size,
to clearly visualise the pleural line and the focus should be
at the level of the pleural line.
When B-lines can be identified singularly, they can
be enumerated one by one. However, when they are
confluent – which is often the case in more advanced
stages of ILD – it is useful to assess the percentage of
hyperechoic ‘white’ signal generated by B-lines below
the pleural line and divide it by 10 (i.e. 60% of the
‘white screen’ below the pleural line would account for
approximately six B-lines).62,63
Pleural line alterations are quite typical in SSc-ILD,
especially in more advanced stages of the disease, whereas
initial lung involvement can display only a few B-lines
with no clear irregularities of the pleural line. The term
‘pleural line alterations’ should be preferred to ‘thickened
pleural line’, because the sonographic depiction of the
pleura is not its anatomical equivalent.
There is no universal definition for the scanning protocol to be used: over the years, different schemes including
up to 72,43 50, 14,53 and 10 scanning areas57 have been
used. However, it is crucial to combine high sensitivity
with feasibility and a reasonable scanning time; if fewer
areas are examined, then the LUS examination should
focus on the posterior lung bases because SSc-ILD usually
first develops in this region.

Clinical applications and future perspectives
The risk of developing ILD is higher in the first 5 years
since SSc diagnosis. During this phase, an efficient
screening tool should be extensively used to early detect
lung abnormalities, which may be confirmed by HRCT, to
start early a target treatment. Despite many technical differences (convex/linear and 2.5–10 MHz probes; scanning
protocols considering 72–10 intercostal spaces; scoring
systems; pathological B-lines cut-off),43–50,53–60 LUS provides significant positive correlations between B-lines
and HRCT findings and, less commonly, between B-lines
and vascular damage (capillaroscopic pattern and number
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of digital ulcers).45,50 Literature data also describe a similar correlation between pleural line alterations (‘US’
thickness > 3 mm or irregularities) and HRCT, probably
allowing a better discrimination than B-lines in ILD
detection.47,54,58–60 Therefore, a negative correlation has
been demonstrated between B-lines and PFT (DLCO and
forced vital capacity).43,45,46,48 The potential prognostic
utility was explored by Gasparini et al.,50 who showed
that basal B-lines predict DLCO change after 12 months
and by Gargani et al.,52 who demonstrated that a higher
number of B-lines is associated with worsening or development of pulmonary involvement.
A systematic review by the Outcome Measures in
Rheumatology (OMERACT) US group which included 12
(out of 300 identified) papers concluded that LUS passed
the filter of face and content validity and feasibility; however, there was insufficient evidence to support criterion
validity, reliability and sensitivity to change.64
To be effective, a screening tool requires both high
sensitivity and a negative predictive value (NPV). LUS
has both of these required prerequisites, in particular,
B-lines show a sensitivity between 59% and 100% and
NPV between 51.7% and 100%, while pleural line alterations have a sensitivity between 74% and 85%.46,49,55–57
Furthermore, B-lines have been reported to have a high
specificity and positive predictive value of 59%–99%
and 90.6%–95.1%, respectively, as well as pleural lines
abnormalities which have almost perfect specificity
(99%–100%).46,48,49,55–57,60 These wide ranges are possibly explained by the differences in the probes used (cardiac, convex or linear, with different frequencies) and
number of scanned areas (10, 14 or 72).
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Figure 4. Skin US in SSc. Example of the measurement of
dermal thickness (yellow arrows) by skin high-frequency US
(22 MHz probe, Esaote, Genoa, Italy) in (a) a healthy subject
and (b) a patient with SSc at the level of hand.

written in either English, Spanish, French, Italian or
Portuguese language.

Background
Skin involvement is one of the cardinal features of SSc
and significant interest has been focused on skin US
which allows direct visualisation of the skin throughout
the course of the disease and potentially addresses the
challenges of assessment and interpretation of skin fibrosis in SSc.68–70

Skin US and elastography in SSc
Summary of lung US
LUS is a promising imaging technique to detect ILD in
patients with SSc. Next steps for a wider applicability of
LUS in the assessment of SSc-ILD are represented by
technique standardisation (definition of the findings to be
used, protocols of image acquisition and quantification of
findings) and other ‘clinical’ needs (validation in early
stages of the disease; evaluation of the optimal timing for
diagnosis and follow-up; and minimal significant detectable change). Finally, promising results have been shown in
ILD patients (including also SSc) for automatization of the
scan evaluation65,66 and of B-lines quantification.67

Skin
Search strategy
Studies eligible for inclusion needed to include at least
one defined group of patients with SSc and report a structured evaluation of the skin by US and/or US elastography. Studies on animal models were excluded. All articles
published up to April 2020 were considered for inclusion

Skin US is a reproducible technique to assess the extent of
skin involvement and correlates well with clinical assessment, including in areas of skin defined as ‘uninvolved’
by the clinical palpation alone.69,71,72 Several studies have
demonstrated that patients with SSc have higher skin
thickness73–77 (Figure 4) and lower skin echogenicity than
healthy controls by US,77,78 including very early disease
(<2 years)78 and in diffuse compared to limited SSc and
healthy controls.79 An inverse relationship between skin
echogenicity and thickness in SSc patients with shorter
disease duration has been found, supposedly reflecting the
oedematous phase of the disease.80 The degree of skin
thickening tends to diminish with longer disease duration.74,75,77 A number of studies have showed a correlation
between dermal thickness and the mRSS,73,75,78 whereas
others have not, particularly at the level of the phalanx.74,81
Another study22 reported a positive correlation between
skin thickness of the middle phalanx and the total mRSS.
The relationship between the degree of skin thickening as
assessed by US and the severity of microangiopathy73 and
response to treatment (e.g. corticosteroids and cyclophosphamide) has been reported.74,76

Hughes et al.
US elastography has revealed a hard and scarcely elastic structure, which corresponds to the dermis in patients
with SSc.82 It has been proposed that US elastography
could improve the reliability of US measurements of dermal thickness at the finger level in patients with SSc.81
Several studies have assessed skin stiffness using shearwave elastography83–86 or qualitative colour-scale US elastography.87 Overall, these studies found significantly
higher shear-wave velocity values in SSc patients than in
controls, at almost all of the Rodnan skin sites.83–86 In addition, Yang et al.83 reported that the skin stiffness as assessed
by skin wave elastography was more sensitive to detect
subtle skin changes than B-mode US. One important
aspect relates to subclinical dermal involvement in SSc.
The authors of two studies found that dermal thickness and
skin stiffness were significantly higher in clinically uninvolved skin (i.e. with a mRSS score of 0) in SSc than in
healthy controls.86,88
Zhang et al.89 reported no correlation between skin viscosity, as evaluated by US surface wave elastography and
the mRSS in 20 patients with SSc patients at either the left
or right forearm and upper arm. Elastography has been
reported to be more reproducible90,91 and more sensitive92
than mRSS in evaluation of the skin in SSc, the latter of
which is in agreement with Li et al.93 and Ruaro et al.94
using US with 18 and 22 MHz probes, respectively, in
patients with the limited subset of the disease. The 5-year
follow-up study by Santiago et al.95 reported a significant
decrease in skin stiffness at all but finger level Rodnan
sites in SSc patients compared to controls over time, which
suggests that shear-wave elastography is more sensitive to
time-related change than the mRSS.

Summary of skin US
Skin US and elastography are two non-invasive, operatorindependent, imaging techniques that can be performed in
‘real-time’. Studies to date are strongly encouraging and
suggest that both imaging techniques could be readily
adoptable tools to assess skin involvement in patients with
SSc and are also potentially more sensitive than traditionally used clinical assessment alone, especially the mRSS.

Conclusion
In conclusion, US provides novel insights into pathogenesis and measurement of MSK, DU, lung disease and skin
disease in SSc (Table 1). US has a clear role on the cutting
edge to foster clinical and research advancement in SSc
including the early detection and monitoring of internal
organ involvement, and to drive the development of novel
approaches to treatment. However, our work is not complete, and there are specific unmet needs within these US
indications which must be addressed for US to assume a
central role in SSc clinical care and research.
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Table 1. The potential uses and measurements of US for
MSK, DU, lung disease and skin disease in SSc.
MSK

DU
Lung
Skin

Synovitis
Tenosynovitis
Non-inflammatory arthropathy
Enthesitis
Nerves
DU dimensions – width and depth
Doppler signal – infection and correlation with pain
Associated pathology (e.g. calcinosis)
Pleural line alterations
B-lines
Skin US – skin thickness, echogenicity
US elastography

MSK: musculoskeletal; DU: digital ulcer.
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