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Abstract

Objectives. Musculoskeletal symptoms are common in SLE and are associated with significant morbidity.
However, assessing their nature can be challenging, with implications for treatment decisions and mea-
suring response. US has been shown to be valid and reliable for the assessment of other inflammatory
arthritides, but data in SLE are more limited. The objectives of this systematic literature review were to
determine the characteristics of musculoskeletal US abnormalities in SLE and to evaluate the metric
properties of US in the detection and quantification of musculoskeletal symptoms.

Methods. We systematically searched the literature using the PubMed, Embase and Cochrane Library
databases for studies using musculoskeletal US for assessing SLE. Studies were assessed for quality
using the Quality Assessment of Diagnostic Accuracy Studies tool and for their metric qualities, including
reliability and validity.

Results. Nine studies were identified. Most studies investigated construct validity. Rates of abnormality
were highly variable: synovitis and tenosynovitis were reported in 25-94% and 28-65% of patients, re-
spectively; power Doppler and erosions were reported in 10-82% and 2-41% of patients, respectively.
There was poor to moderate association between US abnormalities and disease activity indices and
immunological findings. There was moderate to high risk of bias and there were concerns about applic-
ability in most studies.

Conclusion. US has potential value in the assessment of musculoskeletal symptoms in SLE. However, there
is methodological variation between studies that may account for lack of consensus on US abnormalities.
Studies that address these problems are required before US can used as an outcome measure in SLE.

Key words: systematic literature review, systematic lupus erythematosus, ultrasound, arthritis, tenosynovitis,
Power Doppler, BILAG.

Rheumatology key messages

o Ultrasound has a promising role in the detection and assessment of musculoskeletal pathology in SLE.
e The literature data on ultrasound abnormality rates are highly variable.
o Further criterion and discrimination validation is required before using ultrasound as an outcome-measure in SLE.

) Introduction
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SLE is a complex, chronic multisystem autoimmune dis-
ease with a variable spectrum of manifestations, ranging

from mild musculoskeletal or cutaneous disease to poten-
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cases, and they affect up to 95% of patients during the
clinical course [1]. Musculoskeletal presentations in SLE
patients can include arthritis, tenosynovitis, transient or
migratory arthralgia and non-specific musculoskeletal
symptoms without definitive objective clinical signs [2].
Despite the absence of clinical synovitis in many patients,
musculoskeletal manifestations cause significant disabil-
ity, loss of function and socio-economic impact [3, 4].

The low frequency of clinical synovitis makes measure-
ment of musculoskeletal disease activity more difficult.
This has consequences for the selection of patients for
immunosuppressive therapy and the measurement of re-
sponse to such therapies. Clinical disease activity instru-
ments have been validated, including BILAG 2004 [5] and
SLEDAI [6]. However, these are based on the clinical de-
tection of joint swelling, so may fail to capture disease
activity in many patients. Further, the non-specific clinical
features of many forms of musculoskeletal disease in SLE
are difficult to distinguish from other non-inflammatory
causes using clinical features alone. Therefore, there is
an unmet need for a more sensitive and specific tool for
assessing joints and tendons in SLE. High-resolution mus-
culoskeletal US has demonstrated potential utility in the
assessment of other forms of inflammatory arthritis, par-
ticularly in low disease activity states such as early arth-
ritis or remission [7, 8].

As well as the assessment of SLE musculoskeletal dis-
ease activity, musculoskeletal imaging may also be used
to understand the pathogenesis of arthritis. For example,
SLE arthropathy has traditionally been classified clinically
into Rhupus (RA/SLE overlap), Jaccoud’s arthropathy
(little or no evidence of synovitis or erosion on conven-
tional radiographs, but with extensive deformities in
hands and feet) and non-erosive non-deforming arthropa-
thy [9]. However, reports of erosive changes in patients
previously considered to have non-erosive, benign dis-
ease (based on the use of newer more sensitive modalities
such as MRI and US) challenge this concept [10-12].

Although there are growing numbers of reports on the
use of US in SLE, the interpretation of these findings re-
mains unclear, as well as the validity and reliability of this
modality. Furthermore, US is an operator-dependent tool
that can be affected significantly by acquisition and inter-
pretation methods. It will be important to understand the
potential methodological issues that can affect US use in
SLE, given most of the current available validated defin-
itions and scoring methods have been devised for use in
inflammatory arthropathies. The objectives of this system-
atic review of literature were: to determine the character-
istics of US abnormalities (corresponding to arthritis,
tenosynovitis and erosions) of SLE patients, and to evalu-
ate the metric properties of US in the detection and quan-
tification of arthritis and tenosynovitis.

Methods

Search strategy and selection

The search of articles was performed using the PubMed,
Embase and Cochrane Library databases from 1 January
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1950 to 1 August 2014 because musculoskeletal US was
first reported in 1958 by Dussik et al. [13]. The MeSH
terms used were (ultrasonography OR ultrasound OR ultra-
sonics) AND [lupus OR (systemic AND lupus AND erythema-
tosus)]. The search was restricted to studies on humans and
in the English language. Manual searches were also con-
ducted to screen for grey literature and articles published
in 2014 that were not yet available in the databases. The
following journals were searched: Annals of the Rheumatic
Diseases, Arthritis and Rheumatism, Arthritis Research and
Therapy, Arthritis Care and Research, Nature Reviews
(Rheumatology), Rheumatology, Seminars in Arthritis and
Rheumatism, and Lupus. This systematic review was regis-
tered on PROSPERO (prospective registration of systematic
reviews); http://www.crd.york.ac.uk/PROSPERO/ (registra-
tion number: CRD42014013312).

Titles and abstracts were screened by two reviewers
(A.Z. and M.Y.). If an abstract was selected by a reviewer,
the full-text article was retrieved and subsequently
screened for eligibility criteria prior to selection for
review. The inclusion criteria were: original research on
the use of US for assessment of musculoskeletal symp-
toms in non-rhupus SLE patients; patients fulfilled the
revised ACR classification criteria for SLE [14]. The follow-
ing exclusion criteria were used: editorials, reviews, case
reports, letters to the editor and conference abstracts;
studies reporting rhupus patients only; and studies of
paediatric lupus patients. Any disagreement in the selec-
tion process was resolved by consensus.

The same reviewers (A.Z. and M.Y.) extracted the data
from the selected articles using a standardized template
designed for this review. The following data were extracted:
type of study, type of validity, number of patients, number
of controls, blinding, type of joints and tendons scanned,
scoring methodology used [i.e. OMERACT/EULAR [15] or
binary (yes/no)], US definition of synovitis, tenosynovitis
and other tendon abnormalities, US settings and the
mode used [i.e. grey scale (GS) or power Doppler (PDo)].

Quality assessment

The methodological quality of each study was assessed
independently by two reviewers (A.Z. and M.Y.) using the
Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) instrument [16]. QUADAS-2 is a revised ver-
sion from the previous QUADAS. This instrument is rec-
ommended for use in systematic reviews of diagnostic
accuracy by the National Institute for Health and Care
Excellence, the Agency for Healthcare Research and
Quality and the Cochrane Collaboration [17]. It consists
of four key domains, including patient selection, index
test, reference standard, and flow and timing. The generic
QUADAS-2 signalling questions usually used to judge the
risk of bias were adapted for this systematic (supplemen-
tary Table S1, available at Rheumatology Online). Any dis-
crepancy was resolved by discussion.

Studies were also assessed for their metric properties:
criterion, construct and discriminant validity. Criterion val-
idity is determined by comparison with an optimal refer-
ence standard, such as histology. Construct validity was

www.rheumatology.oxfordjournals.org
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Fic. 1 Flowchart of the systematic review process with number of articles included and excluded

Pubmed, Embase, Cocrane n=1165

MeSh terms used: (ultrasonography OR ultrasound OR
ultrasonics) AND (lupus OR (systemic AND lupus AND
erythematosus))

Not meeting selection criteria after

A 4

n=21 |

reading titles: n=1144

Not meeting selection criteria after
reading abstracts: n=8

(Case reports, reviews)

Not meeting selection criteria after
reading articles: n=4
1= knee cartilage only

A 4

n=9

Rhupus: RA/SLE overlap.

determined by comparison with other techniques measur-
ing similar properties, and we therefore included clinical
examination, SLE-related autoimmune profile, disease ac-
tivity indices, conventional radiograph and or MRI.
Analysis of discriminant validity of US in assessing SLE
musculoskeletal symptoms was included if the interobser-
ver and/or intraobserver reliability were reported by the
authors.

Statistical analysis

Descriptive statistics were used to report data.
Frequencies and percentages were shown for categorical
variables.

Results

Selection of studies

The search yielded 1165 citations, of which 1144 were
rejected after reviewing the title and the abstracts.
Subsequently, 21 full-text articles were retrieved and re-
viewed to determine eligibility for this review. Nine studies
were included in the final analysis [12, 18-25]. Fig. 1
shows the flowchart of the systematic review process.

www.rheumatology.oxfordjournals.org

1=Juvenile SLE
2= Rhupus

Study characteristics

All nine studies included in this review were cross-
sectional. Eight studies examined wrists and hand joints
[12, 18, 19, 21-25], one study examined knees only [20]
and one study included foot joints [25]. Six studies
included tendons in their results [12, 18, 19, 21-23]. The
study protocol was consistent in all studies, with clinical
assessment, blood tests, conventional radiograph and US
all performed on the same day.

A total of 459 SLE patients were included in the studies
overall. Sample sizes ranged from 17 to 108 patients.
Sample size calculations to determine the power of stu-
dies were not reported. There was heterogeneity in the
populations studied, because only two studies clearly
separated the rhupus group and the non-rhupus SLE
group [22, 24]. Five studies included patients who did
not complain of musculoskeletal symptoms at the time
of the assessment [19, 21, 22, 24, 25]. Age and sex dis-
tributions were fairly consistent for most studies (mean or
median age of patients between 37 and 47 years old and
predominantly female patients). The disease duration was
also similar across all studies, with mean or median be-
tween 10 and 15 years, apart from one study with shorter
duration; median 6.2 years [21]. In five studies, normal
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volunteers were used as the control group [18-20, 22, 26],
while three studies recruited RA patients as the control
group [20, 23, 24]. The characteristics of the included
studies are summarized in Table 1.

Study quality assessment

The quality of each study is summarized in Table 2. The
overall quality of the studies included showed moderate to
high risk of bias and applicability concerns as assessed
using the QUADAS-2 instrument (Fig. 2). Only one study
had low risk in both domains [22]. In terms of bias, two
studies showed lower risk of bias than others [22, 24].
Most studies either did not clarify whether rhupus patients
were separated in the analysis or did not report RF, which
could have affected US findings [12, 18-24]. With regards
to concerns about the applicability of each individual
study to the proposed research question, only three stu-
dies showed low risk [12, 21, 26]. Most studies did not
specify the period permitted for use of concomitant
NSAIDS and oral prednisolone prior to US examination
in the index test [12, 18, 19, 21-25], both potentially im-
portant confounding factors [27, 28].

Definition of US abnormality

All studies except two [18, 20] used the OMERACT defin-
ition of synovitis [15], and among those that looked at
tenosynovitis, all except one [18] used the OMERACT def-
inition of tenosynovitis [15]. Four studies described using
semi-quantitative scoring for GS PDo in the methods [21,
23-25]. However, only one reported their findings in de-
tails [24]. The remaining reported binary findings (syno-
vitis/no synovitis) or might have given a mean US score
for synovitis without specifying GS or PDo and/or rates of
different scores. The remaining five studies reported using
a binary scoring system.

Characteristics of US abnormality in SLE

Synovitis

All nine studies used grade 1 GS with or without PDo
to define synovitis. Overall, synovitis (based on a pre-
specified definition) was detected in 25-94% of SLE
patients, as shown in Table 3. GS was detected in various
joints, assessed as follows: wrist 22-94% [12, 18, 21, 24,
25]; MCP joint 11-84% [12, 21, 24, 25]; proximal PIP joint
7-58% [21, 24, 25]; knees 42% [20]; and MTP joint 50%
[25]. PDo was reported in 10-82% of SLE patients overall.
The range of joints in which PDo was detected were: wrist
11-82% [12, 18, 21, 24, 25]; MCP 10-35% [12, 24, 25];
PIP 3-16% [24, 25]; and MTP 4.8% [25]. The one study
that reported the semi-quantitative scale in scoring
showed grade 3 GS in wrists (12%), in MCP (53%) and
in PIP (24%), as well as grade 3 PDo in wrists (6%), MCP
(7%) and PIP (4%) [24].

Erosion

Erosions were reported in 2-41% of SLE patients [12, 18,
19, 22-24]. Of these, only three studies clearly separated
the non-rhupus and rhupus group [12, 22, 23]. Of the non-
rhupus SLE group, only one study clearly defined the
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Jaccoud’s arthropathy subset, in which erosions were de-
tected in 17% of patients [22]. Absence of erosion was
reported in one study [20]. A higher prevalence of erosion
(88%) was reported in the rhupus group [22].

Tenosynovitis and tendinopathy

Tenosynovitis was reported in 28-65% of the SLE pa-
tients, mainly affecting the extensor and flexor tendons
of the wrists [12, 19, 21, 22, 25]. Tendon rupture was re-
ported in one patient [12]. In the rhupus group, tenosyno-
vitis was reported in 63% of the patients [22].

Metric properties of US

Validity

None of the included studies assessed criterion validity by
comparison with a gold standard for histology or arthros-
copy findings. Therefore, meta-analysis of sensitivity and
specificity of the use of US compared with a gold stand-
ard test could not be performed. All nine studies (100%)
assessed construct validity. The comparator most com-
monly used was disease activity indices (n = 9, 100%),
followed by clinical examination (8, 89%), SLE-related
autoantibodies (7, 78%) and conventional radiographs
(2, 23%). Of the nine studies, only three reported positive
associations between SLEDAI score and US findings [18,
22, 23], while one study reported a negative association
(higher SLEDAI score was associated with an absence of
tenosynovitis on US) [25]. All eight studies reported posi-
tive associations between clinical examination and US
findings. Four studies reported US abnormalities in joints
and tendons in asymptomatic SLE patients, ranging from
5 to 49% [20-22, 25]. A few studies reported positive
associations between immunology findings and US
(Table 4). However, these associations were not consist-
ent across the literature. Comparing US with other ima-
ging modality, US detected erosion in three out of eight
patients (38%), for which conventional radiography failed
to demonstrate this abnormality [12].

Reliability

In terms of discriminant validity, five studies (56%) re-
ported inter and/or intrareader reliability [12, 18, 21, 22,
24]. The range of intrareader reliability was between 0.78
and 1.00 (good to excellent agreement), while the in-
terreader reliability ranged between 0.68 and 0.96 (good
to excellent agreement). One study had moderate in-
terreader reliability [24].

Discussion

This systematic literature review (SLR) investigated evi-
dence for the use of US in the evaluation of musculoskel-
etal manifestations in SLE. We have analysed
heterogeneity in study design, populations studied, and
confounding and reporting methodology. The current evi-
dence supports further research into the use of US in as-
sessing symptomatic SLE patients, among whom high
prevalence of US abnormalities (including synovitis and
tenosynovitis) can be found. However, many studies

www.rheumatology.oxfordjournals.org
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TaeLe 2 QUADAS-2 Risk of bias and applicability concerns assessment

Risk of bias Applicability concerns

Patient Index Reference Flow and Patient Index Reference

Selection test standard timing selection test standard
Wright et al. [12] Low Unclear High Low Low Low Low
lagnocco et al. [18] High Low High Low Low High High
Delle Sedie et al. [19] High Low High Low Low High High
Ossandon et al. [20] Unclear Low High Low Low High Low
Torrente-Segarra et al. [21] Unclear Low High Low Low Low Low
Gabba et al. [22] Low Low Low Low Low High Low
lagnocco et al. [25] High Low High Low Low High High
Ball et al. [23] High High High Low Low Low Low
Buosi et al. [24] Low Low High Low Low Low High

QUADAS-2: quality assessment of diagnostic accuracy studies.

Fic. 2 Methodological quality of the studies included in the review

FLOW AND TIMING |

® Low ®High B®Unclear

REFERENCE STANDARD

INDEX TEST

QUADAS-2 Domain

PATIENT SELECTION |

0% 20% 40% 60%

Proportion of studies with low, high or unclear

RISK of BIAS

100% 0% 20% 40% 60% 80% 100%

Proportion of studies with low, high, or unclear
CONCERNS regarding APPLICABILITY

QUADAS-2: quality assessment of diagnostic accuracy studies.

suffered from high risk of bias and lacked clarification of
synovitis, tenosynovitis and erosion severity.

A first key question concerns the potentially superior
ability of US to objectively measure joint and tendon in-
flammation compared with clinical examination. Rates of
US-detected synovitis reported in these studies vary
widely. For example, 10-82% of patients had PDo abnor-
mality. Nevertheless, there are sufficient data in these stu-
dies to indicate the presence of US synovitis in
symptomatic patients without clinical joint swelling. This
may be important in the stratification of symptomatic pa-
tients for immunosuppressive therapy, and for the accur-
ate measurement of response to such therapy. However,
the inconsistency between studies in rates of abnormality
needs to be resolved. This may relate to US reporting
methodology or characteristics of the populations
studied.
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A number of US methodological issues may have influ-
enced the studies in this review. The OMERACT definition
of synovitis was used in most studies. However, most
studies did not report the actual proportion of joints or
patients with each GS and/or PDo score (grading GS
and PDo for each joint using a semi-quantitative 0-3
scale). In most studies, grade 1 GS was considered suffi-
cient to define synovitis. Grade 1 GS without PDo lacks
specificity and can be found in OA [29] and anecdotally in
joints with a tendency to hypermobility, presumed sec-
ondary to mechanical stress on joints. The exact signifi-
cance of PDo as a marker of disease activity in SLE is not
known, given the lack of other validity filters such as cri-
terion and responsiveness in the current available evi-
dence. The current evidence also lacks standardization
regarding the use of steroids, NSAIDS and immunosup-
pressive therapy at the time of imaging, all which may

www.rheumatology.oxfordjournals.org
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have a significant confounding effect on GS and PDo
synovitis scores [27].

A second key question concerns the ability of US to
more sensitively detect bone erosion and also to detect
a non-rhupus cause of symptoms. As for US-detected
synovitis, there was great variability in the reported rates
of erosion in SLE (from 2 to 41%). Most studies failed to
clearly separate rhupus from pure SLE. Rhupus may be
defined by clinical observation of RA-like synovitis with
radiographic erosion. This distinction is more complex
when incorporating US; some of the patients clinically
defined as non-rhupus may be found to have more wide-
spread synovitis and erosion on US. An immunopatho-
genic definition is probably more useful. Serology for RF
and anti-CCP may be used to identify patients with immu-
nopathogenesis more in keeping with RA than SLE. CCP*
Rhupus patients will also differ in concomitant and prior
therapies, and differences in the time to initiation of MTX
may be important in rate of erosion. Consistent evaluation
and reporting of clinical phenotype will be important in
achieving consistency in US evaluation.

In studies that did separate these phenotypes, erosions
were found on US in clinical disease subtypes traditionally
thought to be non-erosive. In the Gabba et al. study, US
finding of erosion was detected in the non-deforming non-
erosive arthropathy group and in Jaccoud’s arthropathy
[albeit the small size sample (n = 6) in the latter]. This,
along with MRI findings of erosion [10], challenge our pre-
vious clinical definitions of SLE-associated arthritis sub-
types. Indeed, these observations may have influenced
the recognition in the 2012 SLICC classification criteria
that some SLE arthritis may in fact be erosive [30]. Our
group has previously used US to show that bone erosion
is not as specific for RA as once thought [31]. The nature
and progression of US-detected erosions in SLE is poorly
understood. From existing experience of disease progres-
sion, we might expect that these US erosions have differ-
ent pathogenesis and clinical significance than they do in
RA. This requires further study, and US and MRI provide
tools for this.

One means of determining the truth of US abnormality is
comparison with measures of disease activity in blood or
other organs. Interestingly, there was poor to moderate
association between US abnormalities and overall disease
activity indices and immunological findings. It is unclear
whether this is because of imprecision in US methodology
and findings reported, or whether the increased sensitivity
of US demonstrates musculoskeletal disease activity dis-
sociated from other features of SLE. This emphasizes the
need for validation of US against gold standard measures
of synovitis (such as histology), or longitudinal studies that
investigate the prognostic properties of US.

Since the submission of this article, Lins and Santiago
[32] published a SLR looking at current evidence for US
use in SLE. However, our search strategy yielded more
results initially, followed by more stringent exclusion cri-
teria, to specifically answer the research question. Unlike
the paper by Lins and Santiago, this SLR was the first to
assess the risk of bias in the included literature and their
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metric qualities. We also highlighted the issues regarding
appropriate patient selection and lack of stratification of
US findings. We investigated the variation in US findings in
the literature and explored the discrepancies.

In conclusion, US has a promising role in the detection
and assessment of joint and tendon pathology in SLE.
However, further validation work is required before it can
be used in clinical practice and as an outcome measure in
clinical trials. Although variable prevalences of synovitis,
tenosynovitis and erosions were detected by US in this
review, there was little data available for the clinical con-
sequences of these findings. With better longitudinal evi-
dence, US may play an important role in better
understanding the pathogenesis of musculoskeletal mani-
festations of SLE, and be crucial in facilitating targeted
therapies and measuring response.
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