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ABSTRACT

Although the clinical approach to the manage-
ment of musculoskeletal manifestations in sys-
temic lupus erythematosus (SLE) is often similar
to that of rheumatoid arthritis (RA), there are
distinct differences in immunopathogenesis,
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structural and imaging phenotypes and thera-
peutic evidence. Additionally, there are few
published comparisons of these diseases. The
objective of this narrative literature review is to
compare the immunopathogenesis, structural
features, magnetic resonance imaging (MRI)
and musculoskeletal ultrasound (MSUS) studies
and management of joint manifestations in RA
and SLE. We highlight the key similarities and
differences between the two diseases. Overall,
the literature evaluated indicates that synovitis
and radiographical progression are the key fea-
tures in RA, while inflammation without swel-
ling, tendinitis and tenosynovitis are more
prominent features in SLE. In addition, the
importance of defining patients with RA by the
presence or absence of autoantibodies and cat-
egorizing patients with SLE by synovitis detec-
ted by musculoskeletal ultrasound and by
structural phenotype (non-deforming, non-
erosive arthritis, Jaccoud’s arthropathy and
‘Rhupus’) with respect to joint manifestations
will also be discussed. An increased under-
standing of the joint manifestations in RA and
SLE may inform evidence-based clinical deci-
sions for both diseases.

Keywords: Joint manifestation;  Magnetic
resonance imaging; Musculoskeletal
ultrasound; Rheumatoid arthritis; Systemic

lupus erythematosus
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Key Summary Points

The predominant symptom in RA is
synovitis, while tendinitis and
tenosynovitis are relatively more
prominent in SLE.

Early inflammatory and structural changes
in joints in RA and SLE can be detected by
MRI and MSUS.

Clinically relevant synovitis and
tenosynovitis are underestimated by
clinical examination and disease activity
instruments in SLE.

Joint manifestations of disease can differ
due to the presence or absence of
autoantibodies in RA and by joint disease
phenotype in SLE.

Feet are also an important site of joint
manifestations in both diseases.

INTRODUCTION

Rheumatoid arthritis (RA) and systemic lupus
erythematosus (SLE) are chronic, multifactorial
inflammatory autoimmune diseases that signif-
icantly impact quality of life. While RA is a
progressive disease that targets synovial joints
leading to inflammation, erosion and destruc-
tion, SLE is more unpredictable and heteroge-
nous, with periods of relapse and remission, and
affects many different organs [1, 2]. Genetic and
environmental factors predispose to the devel-
opment of RA or SLE. The prevalence of RA is
approximately 0.5-1.0% in the general popula-
tion, while SLE has a prevalence ranging from
20 to 70 adults per 100,000 [2-4].

Most patients with RA present with sym-
metrical  polyarthritis, but some have
monoarthritis or oligoarthritis [5]. RA can affect
all joints lined by a synovial membrane (syn-
ovial joints) with a predilection for the small
joints of the hands and feet [4]. Joint manifes-
tations are also one of the most common and

early symptoms of SLE, presenting mostly as
non-deforming, non-erosive (NDNE) arthritis
[6]. A small proportion of patients with either
RA or SLE can develop ‘Rhupus,” an overlapping
disease characterized by the presence of features
of both diseases [7].

The aim of this narrative literature review is
to compare the structural changes in joints in
RA and SLE as visualized by diagnostic imaging
techniques, to inform evidence-based clinical
decisions.

METHODS

A literature search was performed across the
PubMed and Embase databases using the fol-
lowing search terms: Rheumatoid arthritis AND
systemic lupus erythematosus; rheumatoid
arthritis AND joints; rheumatoid arthritis AND
imaging; rheumatoid arthritis AND autoanti-
bodies AND joints; systemic lupus erythemato-
sus AND joints; systemic lupus erythematosus
AND imaging; systemic lupus erythematosus
AND autoantibodies AND joints; rheumatoid
arthritis AND autoantibodies AND imaging.

Case reports, congress abstracts, posters,
editorials, and articles not published in English
or without the full text available were excluded.
Additional references were included when they
were considered of importance.

Fluorescence optical imaging data were col-
lected within the study with the local ethics
number EK1/199/18. Before inclusion in the
study, patients gave their written informed
consent to participate, including anonymized
publication of their imaging data. This study
was conducted in accordance with the ethical
principles of the Declaration of Helsinki of 1964
and its later amendments.

RESULTS

Development of Synovitis in RA and SLE

RA develops when genetic susceptibility, envi-
ronmental factors and/or epigenetic changes
result in loss of self-tolerance and autoimmu-
nity. During the preclinical stages of RA, the
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first evidence of this loss of self-tolerance and
autoimmunity is autoantibody production
[9, 10]. Approximately 50-70% of patients have
anti-citrullinated protein antibodies (ACPAs),
including anti-cyclic citrullinated peptides
(anti-CCPs), and rheumatoid factors (RF) at
diagnosis [2]. Recent evidence indicates that
ACPA production can first occur in sites distant
from the joints, specifically the periodontium
and lungs; however, it is unclear how an
autoimmune process to a ubiquitous antigen in
distant tissues transforms into a highly specific
synovial pathology [11]. Autoantibodies form
immune complexes in tissues, including the
joints, inducing abundant complement activa-
tion and possibly contributing to joint damage
[2, 8]. The involvement of tissue-resident mac-
rophages, which normally protect the synovial
lining layer, in a process resulting in eventual
bone destruction remains to be delineated
[12, 13]. However, this overall proinflammatory
state drives continuous interaction of macro-
phages with lymphocytes, release of proin-
flammatory cytokines, chronic osteoclast
activation and consequential bone erosion [2].

Dendritic cell (DC) activation is considered
crucial for the initiation and development of
synovitis in RA (Fig. 1) [4]. Activated DCs pro-
duce cytokines that promote differentiation of
T cells into interleukin (IL)-17-producing Th17
cells [4]. IL-17 has many proinflammatory
effects, including upregulating RANKL expres-
sion on osteoblasts, leading to the formation of
osteoclasts and bone destruction, and stimu-
lating leukocytes to produce IL-1, IL-6, tumor
necrosis factor alpha (TNF-o) and matrix-de-
grading enzymes [4]. These cytokines recruit
leukocytes to the synovial tissue, amplify
proinflammatory signaling cascades and stimu-
late fibroblasts, which have a crucial role in
damage accrual [4, 13]. Unregulated angiogen-
esis facilitates leukocyte recruitment into the
synovial tissue; however, despite the increase in
vascularization, the synovial tissue is hypoxic,
which further stimulates self-perpetuating
inflammatory cycles [13, 14]. Overall, these self-
perpetuating processes transform the synovial
tissue from a typically oligocellular loose areolar
membrane into an invasive ‘pannus,’ resulting

in the edematous, hyperplastic synovial tissue
that is characteristic of RA [13].

The pathogenic mechanisms that lead to
joint manifestations in SLE are not fully delin-
eated; however, similarly to RA, the immune
process appears to start away from the syn-
ovium during a long preclinical phase [15]. SLE
is proposed to develop due to inadequate
clearance of apoptotic material and/or aberrant
apoptosis, and subsequent antinuclear antibody
(ANA) production (Fig. 1) [15]. In contrast to
RA, innate immune responses to nuclear self-
antigens leading to type I interferon (IFN)
pathway activation in blood, skin and syn-
ovium are important in SLE [16, 17]. It remains
unclear how this preclinical phase of autoim-
munity, which remains stable in most ANA-
positive individuals, transforms into a multior-
gan inflammatory disease; however, IFN score
and family history are predictive factors
[15, 18]. Despite differences in autoimmunity
initiation, RA and SLE have some similarities in
their synovial pathology, which may explain
why their clinical phenotypes have some over-
lapping features.

In SLE, nuclear self-antigens from apoptotic
material are presented to T cells, resulting in T
cell activation, cytokine production (e.g. IL-6,
IL-17) and loss of self-tolerance [19, 20]. Acti-
vated T cells interact with and activate B cells,
inducing B cell differentiation into autoanti-
body-producing plasma cells [1]. Th17 cells are
activated by IL-6, resulting in IL-17 and IL-22
production, and subsequent activation and
inflammation of the synoviocytes [1]. Synovio-
cytes and fibroblasts produce IFN-B, which
downregulates TNF-o and upregulates trans-
forming growth factor-p, IL-10 and IL-1 receptor
agonist [21-24]. Unlike RA, synovial biopsy and
microarray studies suggest that 50-75% of
patients with SLE have a type I IFN signature,
which is important in maintaining inflamma-
tion in established disease [17, 25, 26]. While
IFN activation in blood correlates with overall
disease activity and some disease manifesta-
tions, such as mucocutaneous manifestations, it
is not clearly related to arthritis [27-29].
Nonetheless, anifrolumab, an antibody that
blocks IFN-a receptor subunit 1, is effective in
patients with SLE experiencing arthritis [30].
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Fig. 1 Structural and immunological features of rheuma-
toid arthritis (RA) and systemic lupus erythematosus
(SLE). a Outline of the characteristic anatomical structures
of joints in healthy individuals and patients with RA
(reflective of seropositive and seronegative RA), Rhupus or
SLE (reflective of non-deforming non-erosive SLE and
Jaccoud’s arthropathy). b, ¢ Immunological pathways in

Joint Changes in RA and SLE

In RA, joint swelling is a direct consequence of
inflammation. Cycles of inflammation, pannus
formation and release of matrix-degrading
enzymes lead to synovitis, articular cartilage
and capsule destruction and, ultimately, joint
space narrowing and bone erosions (outlined in
Fig. 1), which are detectable by radiographic
imaging and define radiographical progression
[4].

Seropositive and seronegative RA may have
distinct genetic susceptibilities and disease
phenotypes [8]. Some studies found that ACPA-
positive RA was associated with more severe

the joints in RA (b) and SLE (c). APC Antigen presenting
cell, BAFF B cell-activating factor, IFN interferon, IL
interleukin, PAD peptidylarginine deiminase enzyme,
RANKL receptor activator of nuclear factor xf ligand,
TNF  tumor  necrosis  factor. Data  from

(1, 6,7, 22, 42, 49, 75, 91, 92]

symptoms, bone erosions, radiographical pro-
gression, disability and increased mortality than
ACPA-negative RA, while RF-positive RA was
associated with increased bone erosions, extra-
articular manifestations and disease activity
[2, 13, 32-34]. However, as other studies
demonstrated greater inflammatory activity at
diagnosis in disease-modifying antirheumatic
drug (DMARD)-naive patients with seronegative
RA versus those with seropositive RA, compa-
rable radiographical progression between the
two groups and slower treatment responses in
patients with seronegative RA, more imaging
studies of patients with seronegative and
seropositive RA are needed to differentiate the
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phenotypes and natural history of these two
type of RA [35, 36].

Joint involvement is the first presenting
symptom in up to 50% of patients with SLE,
affects approximately 95% of patients during
the clinical course and can meet six of the ten
points required for classifying SLE based on the
European Alliance of Associations for Rheuma-
tology (EULAR)/American College of Rheuma-
tology (ACR) 2019 criteria [37, 38]. In contrast
to RA, SLE exhibits heterogenous joint mani-
festations, ranging from minor arthralgia to
severe erosive arthritis [1]. Joint manifestations
in SLE are frequently divided into three phe-
notypes: NDNE arthritis, Jaccoud’s arthropathy
(JA) and ‘Rhupus’ syndrome; however, as out-
lined in this review, modern imaging results
suggest this classification may be over-simpli-
fied. NDNE arthritis is the most frequent type of
arthritis in SLE and generally presents as a
transient or migratory persistent joint pain with
or without accompanying swelling [1]. NDNE
arthritis has a predominantly symmetrical dis-
tribution affecting the small joints, particularly
in the hands. Tenosynovitis and tendinitis are
common symptomatic features but are often
undetected unless musculoskeletal ultrasound
(MSUS) or magnetic resonance imaging (MRI)
studies are performed [39, 40]. Unlike RA,
NDNE arthritis rarely results in radiographic
bone erosions and deformities [1]. Non-synovial
structures, such as entheses and tendons with-
out synovial sheaths, can also be inflamed [6].
Recent advances in joint imaging indicate that
erosions may occur in NDNE arthritis [39, 40].

Approximately 3-13% of patients with SLE
develop JA, a more severe arthritis type that can
lead to deformities like those observed in RA,
such as ulnar deviation, swan neck, bouton-
niere and Z distortion of the thumbs [1]. These
deformities occur without the extensive radio-
graphic bone erosion usually seen in RA as
deformities in JA occur due to chronic inflam-
mation of periarticular structures (e.g. periar-
ticular swelling, capsular involvement, fibrosis,
ligament laxity and muscle imbalance) and not
destructive synovitis [1, 42].

A proportion of patients can develop ‘Rhu-
pus.” While no precise definition of ‘Rhupus’
exists, fulfilment of both the Systemic Lupus

Erythematosus International Collaborating
Clinics (SLICC) 2012 criteria for SLE and the
ACR/EULAR 2010 criteria for RA is the most
frequently used classification [7]. The preva-
lence of ‘Rhupus’ among patients with SLE
ranges from 0.1% to 9.7%, although most
studies report a prevalence towards the lower
end of this scale [7]. The absence of ACPA
measurements in historic literature has affected
earlier reports of ‘Rhupus’ prevalence. However,
as the inclusion criteria and diagnostic approa-
ches in many studies are quite heterogeneous, it
is likely that ‘Rhupus’ is underestimated in
populations with RA or SLE. ‘Rhupus’ is char-
acterized by the presence of RA-like arthritis and
at least one organ with SLE-like involvement
[7]. While patients with ‘Rhupus’ generally have
less frequent and less severe systemic symptoms
than patients with NDNE arthritis, the fre-
quencies of morning stiffness, joint pain, ten-
derness, symmetrical polyarthritis and swollen
and tender joint counts are similar to those in
patients with RA [7]. Like RA, joint manifesta-
tions in ‘Rhupus’ progress to bone erosions,
deformities and disability [7]. Patients with
‘Rhupus’ may have similar titers of ACPA and RF
to patients with RA, and of anti-double-stran-
ded DNA (dsDNA), anti-Sm and ANA to patients
with SLE [7]. Currently, insufficient data exists
on whether these patients have distinct treat-
ment responses.

Management of Musculoskeletal Disease

Treatment outcomes for patients with RA have
improved dramatically in the last two decades
due to the development of new synthetic and
biologic DMARDs, changes in treatment strate-
gies/targets and earlier initiation of DMARD
treatments [43]. Similarly, optimized use of
immunosuppressive drugs and hydroxychloro-
quine, attempts to implement treat-to-target
strategies, reduced use of glucocorticoids and
the availability of rituximab and belimumab
have improved treatment options for patients
with SLE, resulting in increased life expectancy
and delayed accrual of organ damage [31, 44].
However, limited evidence exists on drug effi-
cacy specifically for joint manifestations in SLE.
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Table 1 summarizes the current treatment
options for joint manifestations in RA and SLE.

Joint pain can be challenging to treat due to
its complex, multifactorial nature [5, 45]. Pain
can be potentially exacerbated by comorbidi-
ties, disease sequelae and its presence in loca-
tions other than the joints (as summarized in
Fig. 2), which further complicates its treatment
[46, 47]. Despite the availability of effective
treatments for inflammation, many patients
continue to experience debilitating joint pain,
highlighting this unmet medical need [46, 48].

Imaging of Joint Manifestations

Imaging techniques in RA and SLE can support
diagnosis, monitor disease progression and
improve understanding of the pathological
basis of symptoms [1, 39, 49]. Radiographic
imaging is reproducible, widely available, vali-
dated for erosive changes in RA and the stan-
dard outcome assessment in clinical trials, but it
is not a very useful diagnostic tool in early RA
when inflammatory changes are more impor-
tant than erosions. Similarly, radiographic
imaging has a limited role in SLE and is used
primarily for excluding other musculoskeletal
diseases.

MRI and MSUS are well-accepted modalities
for detecting early changes and monitoring
disease activity in patients with RA. In SLE,
evidence on these techniques is increasing, but
they remain infrequently used in routine prac-
tice. The different joint manifestations detected
by radiographic imaging, MRI and MSUS are
summarized in Table 2. In this section, we
compare current knowledge of the structural
changes of joints and periarticular structures in
RA and SLE as visualized by MRI and MSUS.

MRI of Joint Manifestations

MRI provides excellent soft tissue visualization
and can detect and evaluate early bone
involvement, synovitis, subcutaneous edema/
swelling and tenosynovitis, none of which can
be detected by clinical examination or radio-
graphic imaging. However, MRI has a high cost,
long examination times and restricted anatom-
ical coverage per examination and its use

requires further wvalidation as variation in
specificity and sensitivity is reported [50, 51].

Proliferative synovitis presents on MRI as a
bilateral thickening of the synovial membrane,
and as increased vascularization with RA pro-
gression [49]. Joint effusion and tenosynovitis
are also commonly seen by MRI in early RA [49].
In one study, among patients with early RA,
approximately 75% had tenosynovitis, with the
flexor tendon at the fifth metacarpophalangeal
(MCP) joint, extensor tendons at the second
and fourth MCP joints and wrists being the
most frequently affected locations [52]. Bursitis
is also observed by MRI in RA [49]. Synovitis has
been frequently reported in MRI studies of SLE,
particularly in the wrists and MCPs, but at
varying rates and severities, with one study
reporting that 60% of patients had synovitis but
of a low grade [1, 53]. In a small SLE study, a JA
cohort had no MRI-detected active synovitis
compared to 70% of a non-JA SLE cohort;
however, the JA cohort had higher rates of
edematous tenosynovitis [54]. Tenosynovitis
has been reported in many different MRI studies
in SLE [1, 53]. Ostendorf et al. reported that
71.4% of patients with SLE had MRI-detected
tenosynovitis in their hands [54]. Extensor and
flexor tenosynovitis of the wrist in patients with
SLE was reported, while another study demon-
strated a predominance of tenosynovitis
between the MCP and proximal interphalangeal
(PIP) joints and only minimal tenosynovitis in
the wrists [1, 53].

A small study comparing hand MRIs of
patients with RA versus patients with SLE or
primary Sjogren’s syndrome demonstrated that
tenosynovitis of the right fourth MCP extensor
tendon was more frequent in SLE or primary
Sjogren’s syndrome compared with RA [SS].
Overall, the advanced sensitivity of MRI com-
pared with radiographic imaging for tendinitis
and tenosynovitis has resulted in recent MRI
studies detecting more periarticular soft tissue
inflammation in SLE than was previously
reported.

Bone marrow edema (BME) is common in
the subchondral bone in early RA and is pre-
dictive of future bone erosions and radiographic
progression [49, 51]. In one study, patients with
RA for longer durations had more BME
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Table 1 Summary of the treatment landscape for rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE)

Treatment
landscape for RA
and SLE

Rheumatoid arthritis

Systemic lupus erythematosus

Treatment goals

Treatment options
for joint

manifestations

Autoantibody
effect on
treatment

outcomes

Effect of treatment
on
autoantibodies

titers

Remission (primarily for patients with early RA) and
low disease activity (mainly for patients with chronic
RA)

Methotrexate is generally the first treatment choice

A wide range of bDMARDs and tsDMARD:s are
available for patients with inadequate responses,

intolerance or contraindications to csDMARDs

Seropositivity for ACPA is associated with increased

clinical response to rituximab and abatacept

Seropositivity for RF is associated with increased

clinical response to rituximab and tocilizumab

Seropositivity for both ACPA and RF is associated
with more rapid achievement of remission and higher
rates of sustained remission compared to other
groups

Treatment may reduce ACPA and REF titers or result

in seroconversion to RF negativity

Remission (primary target) and low discase

activity (alternative target)

No treatment options with proven efficacy
in selectively treating musculoskeletal
manifestations but musculoskeletal
manifestations were prominent in positive

trials of belimumab and anifrolumab
Treatment options under investigation
Baricitinib
Dapirolizumab pegol
Rituximab

Seropositivity for anti-dsDNA antibodies,
treatment with > 7.5 mg/day
prednisolone and SLEDAI-2 K > 10 are
positive predictors of response to

belimumab treatment

Belimumab, ricuximab, anifrolumab,
mycophenolate and prednisolone
treatment are associated with a reduction

in anti-dsDNA antibody titers

The main treatment targets and summary of treatments for RA and joint manifestation for SLE are outlined. The effect of

seropositivity for autoantibodies on treatment response and the effect of treatment on autoantibody titers are summarized.
Data from [2, 8, 30, 90-101]
ACPA Anti-citrullinated protein antibodies, 6bDMARD biologic disease-modifying antirheumatic drugs, cssDMARD con-
ventional systemic disease-modifying antirheumatic drugs, dsDNA double-stranded DNA, RF rheumatoid factor, SLEDAI-
2 K SLE Disease Activity Index 2000, sDMARD targeted synthetic disease-modifying antirheumatic drugs

compared with patients with shorter disease

Rheumatoid Arthritis

Magnetic Resonance

duration (68% vs. 17%) [56]. In another study
involving patients with early RA, 64.8% of anti-
CCP antibody-seropositive patients had BME
compared with 38.5% of seronegative patients
(p =0.03) [57]. However, a study of Brazilian
patients with RA reported no difference in

Imaging Score (RAMRIS) for BME, synovitis or
erosions between patients who were anti-CCP
antibody seropositive and those who were
seronegative [58].

BME was also detected in the hands and
wrists of patients with SLE using MRI [53, 59]. In
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Rheumatoid Arthritis

Locations & contributors to pain

Joint pain
Fibromyalgia Concomitant
veE osteoarthritis
Central &
Joint damage

peripheral
sensitisation

e 0

Poor sleep

Fig. 2 Pain in RA and SLE. Patients with RA primarily
experience pain localized to their joints, while patients
with SLE commonly experience both pain in their joints

one study, over 50% of patients had
detectable BME in the hands or wrists, although
only 10% had a high signal [53]. In an MRI
study comparing the hands of patients with RA
and SLE, BME was detected in the MCP joints of
more patients with RA than SLE (71% vs. 7%)
[55]. However, another study showed the
prevalence of BME to be similar in RA versus SLE
[59]. As BME can also be caused by trauma or
mechanical stress in healthy individuals, these
findings should be interpreted with caution.

We found few MRI studies of the feet in RA
and none in SLE; however, the RA studies
demonstrated that feet have similar pathologies
to the hands. Specifically, flexor and extensor
tenosynovitis at metatarsophalangeal (MTP)
joints often occurred with synovitis and BME
[60].

Bone erosions have been observed by MRI in
high proportions of patient with RA [55, 61]. An
MRI study comparing the distribution of bone
erosions in patients with RA or SLE showed that
the erosive burden in the wrists was comparable
between the two groups (10.2 vs. 8.0), while the
erosive burden in the hands was significantly

Systemic Lupus Erythematosus

Locations & contributors to pain

Widespread pain

and joint pain b
) i Inflammation in
Fibromyalgia other organ

systems

Central & Chronic

peripheral glucocorticoid
sensitisation exposure

e

as

and throughout their body. The main factors that
potentially contribute to pain in these diseases are shown.

Data from [31, 45-47]

higher in patients with RA versus SLE (3.4 vs.
1.3; p = 0.004) [59]. For both RA and SLE, ero-
sions were predominantly in the wrists and
distal side of the MCP joints [59]. Erosions were
most prevalent in the third, fiftth and second
phalangeal bases (54, 41 and 41%, respectively)
for RA and in the second and third phalangeal
basis (both 20%) for SLE [59]. The overall
prevalence of erosions in the hands was com-
parable for patients with RA versus those with
SLE (68% vs. 48%) and higher compared to
healthy controls (HC) (18%), while the preva-
lence of erosions in the wrists was similar for
patients with RA, SLE and HC (100% vs. 82% vs.
97%) [59]. These observations were consistent
with the findings of Mosca et al., who reported
at least one erosion in the hand for 48.3% of
patients with non-Rhupus SLE (defined as
patients not meeting RA classification criteria)
and 19.6% of HC, and at least one erosion in the
wrist in 98.8% of patients with non-Rhupus SLE
and 97.8% of HC [63]. As rates of MRI-detected
bone erosions in the hands and wrists of
patients with SLE were higher than expected
from radiographic studies, the ‘NDNE’ label for
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Table 2 Comparison of radiographic imaging, magnetic resonance imaging and musculoskeletal ultrasound techniques in

imaging the joint manifestations of rheumatoid arthritis and systemic lupus erythematosus

Joint Radiographic imaging ~ Magnetic resonance imaging Musculoskeletal ultrasound

manifestations

of RA and SLE

Synovitis No Yes Yes
visualization

Tenosynovitis ~ No Yes Yes
visualization

Bursitis No Yes Yes
visualization

Joint effusion Yes Yes Yes
visualization

Bone erosion Yes, but not in early Yes Yes
visualization disease

Bone marrow No Yes No
edema (BME)

Joint space Yes Yes Yes
narrowing

Advantages - Gold standard for the - More sensitive than - Low cost

detection of
radiographical
progression in RA

- Reproducible

- Detects bone erosion
and joint space
narrowing in advanced

disease

radiographic imaging
Does not use ionizing

radiation

Useful for detecting changes

in early disease

MRI measures are sensitive
to changes in synovitis,
tenosynovitis and BME

Scores

Can detect bone marrow

abnormalities

- Non-invasive

- Does not use ionizing radiation

- More sensitive than radiographic imaging

for detecting crosions (especially in early

RA and SLE)

- Allows detection of joint inflammation in

pre- or early RA and SLE

- Can assess multiple locations in one

examination
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Table 2 continued

Joint Radiographic imaging ~ Magnetic resonance imaging Musculoskeletal ultrasound
manifestations

of RA and SLE

Disadvantages - Low sensitivity for early - Low-grade abnormalities - Low-grade synovitis can be detected in

inflammatory changes

- Cannot detect soft

individuals

tissue inflammation

- Use of ionizing
radiation

- High cost

seen by MRI can be
observed in healthy

- Generally, MRI assessment is

restricted to one location

healthy individuals

- Cannot visualize bone erosions as well as
MRI due to restrictions of the position of
the probe and access to all cartilage

surfaces
- Cannot detect BME

- Reproducibility is operator dependent

The joint manifestations that can be detected by radiographic imaging, MRI and MSUS and the advantages and disad-

vantages of each imaging technique are summarized. Data from [6, 49, 50, 66, 102—104]
BME Bone marrow edema, MRI magnetic resonance imaging, MSUS musculoskeletal ultrasound, R4 rheumatoid arthritis,

SLE systemic lupus erythematosus

most SLE arthritis might need to be reconsid-
ered [39, 62]. However, as high rates of bone
erosions were also reported in the wrists of HCs,
care must be taken when interpreting the clin-
ical relevance of these data.

Sacroiliitis, a feature not usually found in RA,
was detected by MRI in 7.8% of patients with
SLE in one study [64]. As another MRI study
reported significantly more sacroiliitis in
patients with SLE versus HC (73.0% vs. 32.3%;
p =0.001), this feature warrants further inves-
tigation [65].

In summary, MRI studies indicate that syn-
ovitis is the predominant feature in RA and that
tendinitis and tenosynovitis are predominant
features in SLE. Synovitis may be present at
varying levels in SLE, but at a lower prevalence
and reduced severity than observed in RA.
Overall, BME and erosions have been found to
be present at higher-than-expected levels in
patients with SLE; however, as these features
can also be observed in HC, the meaning of
these results is not clear yet.

MSUS of Joint Manifestations

The use of MSUS in imaging joint manifesta-
tions has many benefits as it is low cost and

non-invasive and multiple joints can be asses-
sed in the same examination. Similarly to MRI,
MSUS can distinguish synovitis from tenosyn-
ovitis; however, in contrast to MRI, MSUS can-
not penetrate bone or visualize inflammation
within the bone marrow, and therefore has a
more restricted anatomical coverage [49]. MSUS
is particularly useful in imaging joints in early
RA disease [66].

The predominant pathological feature
detected by MSUS in joints of patients with RA
is synovitis, specifically synovial hypertrophy,
as well as increased vascularization, which is
commonly associated with joint effusion
[61, 67, 68]. In one study, synovial hypertrophy
(= Grade 1) in the wrists and MCP and PIP
joints was detected by MSUS in 75.0, 86.7 and
70.0% of patients with RA, respectively, and a
power Doppler (PD) signal (> Grade 1) was
detected in the wrists and MCP and PIP joints of
59.2, 50.8 and 20.8% of patients with RA,
respectively [69]. In another study, tenosyn-
ovitis and bursitis were also observed by MSUS
but at a lower prevalence than synovitis [49].
When patients with RA were grouped by the
presence or absence of autoantibodies, MSUS
demonstrated that intermetatarsal bursitis was
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associated with the presence of anti-CCP and RF
[70].

In contrast to RA, MSUS-detected synovitis
and joint effusion in SLE have been reported
with high variability [39]. In a systematic liter-
ature review of MSUS assessments of SLE, syn-
ovitis and tenosynovitis were reported in
25-94% and 28-65% of patients, respectively,
while PD was reported in 10-82% of patients
[71]. This marked variation could be attributed
to differing patient selection criteria, including
controlling for ‘Rhupus’ and glucocorticoid
treatment, as well as lack of reporting of Out-
come Measures in Rheumatology (OMERACT)
grades of abnormality [71]. These methodolog-
ical issues were addressed in a large cross-sec-
tional study that excluded patients with
suspected ‘Rhupus,” recent changes in gluco-
corticoid treatment or improving disease, sum-
marizing detailed clinical phenotypes for
patients with SLE and reported OMERACT
scores [72]. Overall, 68% (60/88) of symp-
tomatic patients had MSUS-detected inflam-
mation (gray-scale > 2 and/or PD >1 or
tenosynovitis) compared with 17% (4/23) of
asymptomatic patients [72]. Among the symp-
tomatic patients, clinical inflammation defined
by British Isles Lupus Assessment Group
(BILAG) A or B was observed in 38% (34/88) of
patients while clinical inflammation defined by
the SLE Disease Activity Index-Musculoskeletal
(SLEDAI-MSK) criterion were observed in 32%
(28/88) [72]. Sensitivity (95% confidence inter-
val [CI]) for BILAG A/B and SLEDAI-MSK crite-
rion was 56% (95% CI 41, 69) and 44% (95% CI
31, 59), respectively, while both had specificity
of 89% ( 95% CI 72, 96) [72]. Among patients
with inflammatory symptoms, 27% (24/88) had
no joint swelling but had MSUS-detected
inflammation, while 35% (31/88) had no clini-
cal or MSUS-detected inflammation [72]. In a
small study of patients with JA in which MSUS-
detected abnormalities were assessed using
OMERACT definitions, 76.5% of patients had
synovial hypertrophy in hands/wrists, but only
29.4% had positive PD signal [73].

Patients with SLE experiencing muscu-
loskeletal pain can have MSUS-detected syn-
ovitis without swelling [74]. In a study of 133
patients with SLE and joint pain, patients were

assessed at baseline using clinical tools, blinded
MSUS results and patient-reported outcomes,
then treated with glucocorticoids and re-asses-
sed after 2 and 6 weeks [74]. At baseline, MSUS-
detected synovitis was predicted by the pres-
ence of joint swelling, symmetrical small joint
distribution of arthralgia, presence of anti-ri-
bonucleoprotein antibodies and a high IgG titer
[74]. The results showed that patients with
MSUS-detected synovitis responded better to
glucocorticoid treatment than patients without
MSUS-detected synovitis, when patients with
fibromyalgia were excluded, indicating that
MSUS-detected inflammation is clinically rele-
vant [74].

In contrast to the predominance of synovitis
in RA, MSUS studies demonstrated that
tenosynovitis and peri-extensor tendon inflam-
mation (tendinitis) were the most common
features (collectively affecting 93% of patients)
in SLE [40]. Tendon involvement was predomi-
nantly localized to the fourth compartment of
the wrist extensor, the wrist common flexor and
the third finger flexor tendon [40]. MSUS
imaging of patients with JA demonstrated that
the third flexor tendon was the predominantly
affected tendon [73].

A comparison of the hands of patients with
RA or SLE by MSUS demonstrated that the
synovitis score per affected joint (assessed by
gray-scale and PD MSUS) was higher in the RA
versus SLE group (2.6 vs. 2.0; p =0.019) [40].
Likewise, a MSUS study comparing patients
with RA and non-Rhupus SLE (defined as
patients not meeting diagnostic criteria for RA)
reported an increased presence of synovial
hypertrophy in the wrists (75.0% vs. 46.8%);
p <0.001) and of PD signals (> Grade 1) in the
wrists (59.2% vs. 30.6%; p < 0.001) and MCP
joints (50.8% vs. 28.2%, p < 0.001) for the RA
group [69]. Similarly, there were significantly
more synovial proliferation (28/50 vs. 12/52;
p <0.002) and positive PD signals (17/50 vs.
5/52; p < 0.01) in the knees of the patients with
RA versus those with SLE [75]. However,
tenosynovitis/tendinitis were more frequent in
the SLE versus RA group, particularly in the
wrists (73% vs. 40%; p = 0.037) [40]. A small
study comparing patients with SLE, ‘Rhupus’ or
RA demonstrated that patients with ‘Rhupus’
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had significantly higher scores for synovial
hypertrophy and joint effusion in both the wrist
and hands compared with patients with SLE,
but scores were similar between patients with
‘Rhupus’ and patients with RA [76].

While MSUS is more limited than MRI in
terms of visualizing bone erosions, it can still
demonstrate erosions in accessible locations
[49]. Erosions increase quickly in the first 2
years of RA disease [50]. A MSUS study com-
paring erosive disease in long-term versus early
(< 12 months disease duration) RA demon-
strated that patients with long-term RA had
significantly more erosions than those with
early RA (89% vs. 67%; p < 0.05) [77]. Another
study demonstrated that 60.8, 55.0 and 17.5%
of patients with RA had > Grade 2 erosions in
the wrist and MCP and PIP joints, respectively,
while 8.3, 16.7 and 4.2% of patients had Grade
3 erosions in these respective regions [69]. In
MSUS studies of patients with RA grouped by
autoantibody status, high titers of anti-CCP
antibodies, but not RF antibodies, were associ-
ated with the presence of bone erosions [78, 79].
In agreement with this, another study demon-
strated that patients with RA with anti-CCP
antibodies had significantly more MSUS-de-
tected bone erosions than patients without anti-
CCP antibodies (41.4% vs. 12.5%; p < 0.05)
[80].

Similar to MRI studies, MSUS studies have
shown a higher-than-expected presence of bone
erosions in patients with SLE; however, many
earlier studies did not adequately control for the
presence of ‘Rhupus’ in enrolled patients [71]. A
large, more recent, case series that excluded
patients with ‘Rhupus’ and JA gave a clearer
picture of MSUS erosions in so-called ‘NDNE’
SLE. In this study, overall, 9% of patients had
erosions, but this was strongly correlated with
BILAG score; in patients with MSK-BILAG A,
29% had erosions, compared to only 4% of
those with BILAG C [72].

Only a few MSUS studies of the feet in
patients with RA or SLE have been reported;
however, foot involvement is a common
symptom in SLE and impacts on patients’
quality of life [81-84]. In a MSUS study of
asymptomatic feet in patients with RA versus
HC, patients with RA had significantly more

synovitis and a higher frequency of PD signals
in the talocalcaneal, talonavicular, and first-to-
fourth MTP (all dorsal face) joints compared
with the HC [85]. Intermetatarsal bursitis was
detected in the feet of 20.6% of patients with RA
by MSUS, with the second-third MTP and third-
fourth MTP spaces being the most frequently
affected sites [70]. An MSUS study of patients
with SLE demonstrated that 27% had synovitis
in the feet, with 9% and 2% having mild and
moderate-to-severe PD synovitis scores, respec-
tively [72]. In another study, MSUS-detected
synovial PD signals were significantly higher in
the first to fourth MTP joints of patients with
SLE versus HC [86]. MSUS evaluation of the feet
demonstrated significantly more erosions in
asymptomatic patients with RA compared with
HC (34.5% vs. 2.9%; p <0.001), while the
presence of erosions in the joints of the feet
were similar in patients with SLE and HC (the
highest prevalence was 3.7% in the first MTP
joint) [72, 85, 86].

Enthesitis, a feature usually not observed in
RA, has been clearly demonstrated in patients
with SLE by MSUS and PD signal, mainly at the
distal insertion of the patellar tendon, calcaneal
insertion of the Achilles tendon and the proxi-
mal enthesis of the patellar tendon [6].

Fluorescence Optical Imaging of Joint
Manifestations

In recent years, indocyanine green enhanced
fluorescence optical imaging (FOI) (Xiralite®;
Xiralite GmbH, Berlin, Germany), a novel
imaging technique, has been used to study RA
and other rheumatic diseases; this diagnostic
tool has been approved for clinical use in the
European Union and USA. FOI in rheumatology
is based on the visualization of impaired
microcirculation due to inflammation in the
joints of hands. The examination of both hands
lasts 6 min and one image per second is recor-
ded, resulting in a total of 360 images. A
recently published comprehensive review sum-
marized the role of FOI in research and clinical
practice and outlined how FOI can complement
our current imaging repertoire in rheumatology
[87]. While some studies have compared FOI to
MRI and MSUS in patients with RA and
demonstrated that it is a useful technique and
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can be wused to distinguish RA from
osteoarthritis, as of yet, there are no published
studies on the use of FOI in SLE [87]. However,
initial data comparing FOI and MSUS images of
the hands of a patient with ‘Rhupus’ suggest
that FOI may be a useful technique for detecting
joint manifestations in patients with ‘Rhupus’
and possibly SLE (Fig. 3) (S. Ohrndorf and G.
Schmittat, unpublished data;—see Electronic
Supplementary Material for more details).

In summary, while MRI and MSUS imaging
techniques were used less frequently for SLE
than for RA, the published evidence demon-
strates that radiographical progression was not
identified in most patients with SLE. Overall,
the higher sensitivity of MRI and MSUS com-
pared with radiographic imaging demonstrated
that tendinitis and tenosynovitis are the key
features of joint manifestations in SLE and that
certain sheaths, specifically the fourth extensor
tendon sheath, may be preferentially affected.
However, not all features of RA and SLE joint
manifestations were detected in both MRI and
MSUS studies, which may reflect anatomical
restrictions of imaging techniques, differences
in imaging methods, measurements and the
definition of pathologies in studies, as well as
heterogeneity between patients [88].

Synovitis was detected at varying rates and
severities in patients with SLE and at a lower
presence compared with patients with RA.
Synovitis in SLE may be a secondary conse-
quence of the mechanical stress induced by
capsular-ligament involvement [7]. Moreover,
in contrast to RA, joint manifestations in SLE
are not limited to structures with synovial
sheaths as inflammatory features, such as
sacroiliitis and enthesitis, have been observed.

These studies highlight the importance of
differentiating patients with RA or SLE based on
seropositivity or joint phenotypes, respectively,
as these subgroups can be associated with dif-
ferent disease severities and pathologies.
Seropositive patients with RA appear to have
more severe disease and radiographical pro-
gression than seronegative patients. Similarly,
the NDNE, JA and ‘Rhupus’ phenotypes in SLE
have different disease burdens and different
associations with radiographical progression
and autoantibodies. In particular, patients with

‘Rhupus’ need to be more carefully evaluated as
their rate of structural damage appears more
similar to patients with RA than to those with
SLE [76]. Many of these studies did not differ-
entiate between SLE phenotypes, suggesting
that the presence of patients with ‘Rhupus’
increased the prevalence of synovitis, BME and
erosions in SLE groups in these studies. Differ-
entiation between SLE phenotypes in future
studies will provide valuable information on
joint manifestations in this disease. The pres-
ence of erosions in patients with JA and, to a
lesser extent, NDNE arthritis raises important
questions about synovitis in patients with SLE.
Factors predisposing some patients with SLE to
progress to bone erosions and structural damage
also needs further investigation.

DISCUSSION

Overall, the results presented in this review
demonstrate that RA and SLE have both distinct
and overlapping features in terms of joint
manifestations of the diseases (summarized in
Table 3). While most studies reported here did
not differentiate patients with RA by the pres-
ence or absence of autoantibodies or patients
with SLE by joint phenotype, the studies that
did include these differentiations indicate that
this is key to improving our knowledge on joint
manifestations for each disease subgroup.

While most imaging studies in RA and SLE
focus on the hands, the feet may also be an
important site of joint manifestations in both
diseases. In RA, feet are frequently involved
early in the disease course and often show the
first radiographical evidence of joint pathology
[89]. While the number of studies investigating
the feet in SLE is limited, the published data
suggest that joint manifestations in SLE do
occur in the feet and are similar to those
observed in the hands and wrists [72, 86].

The data summarized in this review clearly
demonstrate that MRI and MSUS imaging are
very effective diagnostic tools for detecting
joint manifestations in RA and SLE; however, as
these imaging techniques have higher sensitiv-
ity than clinical examination, some structural
changes detected in patients with RA or SLE can
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Fig. 3 a Fluorescence optical imaging (FOI) in Prima
Vista mode (PVM) and Phase 1 to Phase 3 in a patient
with ‘Rhupus’ showing strong enhancements in bilateral
metacarpophalangeal (MCP)2 joints in Phase 1 and
moderate enhancements in bilateral MCP2 joints in
PVM and Phase 2. Musculoskeletal ultrasound images in

Transverse view

power Doppler (b) and gray-scale (c) in the same patient
with ‘Rhupus’. b Power Doppler active synovitis (denoted
by asterisks) is visible in the right MCP2. ¢ An erosion on
the radial side (denoted by arrows) visible on longitudinal
and transverse gray-scale view. (Original images from Sarah
Ohrndorf and Gabriela Schmittat)
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Table 3 Comparison of the key features of rheumartoid arthritis and systemic lupus erythematosus
Key features Rheumatoid arthritis Systemic lupus erythematosus
Seropositive  Seronegative Non-deforming  Jaccoud’s Rhupus
non-erosive arthropathy (JA) syndrome
(NDNE)
arthritis
Predominant Synovitis Synovitis Tendinitis, Tendinitis, Synovitis
feature(s) tenosynovitis tenosynovitis
Secondary Tenosynovitis, Tenosynovitis, bursitis, = Synovitis and Synovitis, BME Tendinitis,
feature(s) bursitis, joint  joint effusion, BME. BME (lower (higher prevalence tenosynovitis,
effusion, BME may be lower prevalence or than NDNE bursitis, BME,
BME than in seropositive grade than JA, arthritis but lower joint effusion
patients Rhupus and than Rhupus and
Erosions Yes, increases Yes, increases as disease No No Yes. Similar to
detected by as disease progresses RA
radiographic progresses
imaging
Erosions Yes Yes, but at a lower level Yes, but at a Yes Yes. Similar to
detected by than seropositive lower number RA
MSUS or patients and lower
MRI severity than
JA, Rhupus and
RA
Enthesitis Usually absent  Usually absent Present Present Present
Radiographical =~ Progression to  Progression to erosion ~ Usually minimal ~ Progression to Progression to
progression erosion and and deformity progression to deformity only erosion and
deformity erosions and no deformity
deformity
Deformities Yes— Yes—irreversible No Yes—reversible Yes—
present in irreversible irreversible

untreated or
inadequately
treated

disease
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Table 3 continued

Key features Rheumatoid arthritis

Systemic lupus erythematosus

Seropositive  Seronegative Non-deforming  Jaccoud’s Rhupus
non-erosive arthropathy (JA) syndrome
(NDNE)
arthritis
Autoantibody  Yes No Yes Yes Yes

formation

The most common features affecting hands and wrists in patients with RA or SLE detected by MRI and MSUS imaging are
summarized in this table. RA is categorized by seropositivity or seronegativity and SLE is categorized by NDNE arthritis,
Jaccoud’s arthropathy (JA) or ‘Rhupus’ phenotype. A well-defined disease progression, the development of deformities in
untreated or inadequately treated disease and the presence of autoantibodies are also noted. Data from
(1,2, 4, 6,7, 31, 40-42, 49, 50, 54, 57, 59, 61, 67, 68, 71, 73, 76, 78, 80, 105-107]

BME Bone marrow edema, J4 Jaccoud’s arthropathy, MRI Magnetic resonance imaging, MSUS Musculoskeletal ultrasound,
NDNE Non-deforming non-crosive, R4 Rheumatoid arthritis, SLE Systemic lupus erythematosus

also be detected in HC [59, 63]. Scoring systems,
such as RAMRIS and OMERACT, and predefined
threshold scores could be used to overcome this
problem and prevent over-diagnosing of
patients [66].

Additionally, as a substantial proportion of
patients with SLE with musculoskeletal pain
have MSUS-detected synovitis without accom-
panying swelling, the use of MRI and MSUS may
provide clinically relevant information that
cannot be garnered from clinical examination
[74]. In agreement with this, USEFUL, a multi-
center longitudinal study, demonstrated that
among patients with SLE experiencing inflam-
matory joint pain with or without accompany-
ing swelling, patients with MSUS-detected
synovitis responded better to glucocorticoid
treatment than patients without MSUS-detected
synovitis, when patients with fibromyalgia were
excluded [74].

In RA (particularly seropositive RA), the well-
defined progression of synovitis to bone dam-
age and deformities can be interrupted by tar-
geted DMARD treatment, resulting in low
disease activity or remission [2]. As little evi-
dence is available on assessing and treating
musculoskeletal disease in SLE, and not all
symptomatic inflammation will be considered
under the commonly used definitions of low
disease activity or remission, the use of imaging

techniques in clinical trials can potentially
identify patients who will benefit from innova-
tive and existing treatments and improve
assessment of treatment responses.

CONCLUSIONS

Differences exist in the type, severity and pro-
gression of joint manifestations between RA
and SLE, and these can be further differentiated
by categorizing patients by the presence or
absence of autoantibodies in RA or by joint
phenotype in SLE. Our knowledge of joint
manifestations in SLE is limited in comparison
to RA, and further research is required to
improve understanding and treatment of joint
manifestations in SLE.
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