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ABSTRACT

Over the past decade there have been
significant advances in the field of mus-
culoskeletal imaging, especially in the
application of ultrasound (US) and
magnetic resonance imaging (MRI)
to the management of rheumatoid ar-
thritis (RA). Both modalities offer sig-
nificant advantages over the previous
standards of clinical examination and
radiography, and allow direct visuali-
sation of both joint inflammation and
structural damage. Although measur-
ing similar pathology, each of these
imaging tools has its own benefits and
limitations, understanding these will
help researchers and clinicians to de-
termine the appropriate role for these
tools in RA joint assessment. This re-
view article seeks to compare the use-
fulness of US and MRI in RA diagnosis,
prognosis and outcome assessment.

Introduction

Rheumatoid arthritis (RA) is the most
common chronic inflammatory joint
disease with a worldwide prevalence of
about 1%. It usually manifests between
35-50 years of age and if undetected
and/or not treated early, can lead to
considerable morbidity and increased
mortality. Early aggressive therapy
with disease-modifying anti-rheumatic
drugs (DMARDs) is associated with
better treatment outcomes (1). Tradi-
tionally, rheumatologists rely on clini-
cal examination and conventional radi-
ography (CR) in RA joint assessment
in their daily practice. Modern imaging
tools such as ultrasound (US) and mag-
netic resonance imaging (MRI) offer
superiority over clinical examination
(2) and have greater sensitivity than
CR in detecting joint erosion especially
in early disease (3). They allow direct
visualisation of both inflamed and dam-
aged joint structures. In the clinical set-
ting, they can be useful to support the
presence or absence of joint inflamma-
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tion and/or damage findings especially
if conventional methods of assessment
yield uncertainty. They are also excel-
lent research tools, for example, in the
evaluation of therapeutic response in
RA. Being highly sensitive, they can
be used in RA studies with a smaller
number of subjects and shorter follow-
up period (4). This is attractive in both
early and late phase RA trials (5).
Although they can measure similar pa-
thologies in RA, there are important
differences in the two imaging mo-
dalities, with each having its unique
strengths and weaknesses. For exam-
ple, ultrasound is well suited for dy-
namic, multiple joint area assessments
but does not visualise beyond the
bony cortex (precluding bone marrow
oedema (BME) assessment) and cer-
tain joint sites (e.g. mid-carpal/tarsal)
can have restricted acoustic windows.
MRI is ideal for single joint site as-
sessment and allows an in-depth study
of anatomical structures (including
the bone marrow) but high-resolution
scanning of multiple joint sites can be
time-consuming and the MR machine
is generally not located in the rheuma-
tology clinic.

The European League against Rheu-
matism (EULAR) and Outcome Meas-
ures in Rheumatology (OMERACT)
US and MRI workgroups have pro-
vided important consensus definitions
of joint inflammatory and damage
pathologies visualised by these clini-
cal tools (6, 7). To date, there are vali-
dated, reliable, semi-quantitative scor-
ing methods for use in both modalities
(7, 8). This allows standardisation in
interpretation and comparison of find-
ings across clinical studies — especially
useful in the research setting. Recently,
a EULAR task force has also published
a set of recommendations for clinical
use of these advances imaging tools
in RA diagnosis, prognosis and moni-
toring (9). This was derived from data
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from 199 studies and expert opinion. In
several of the clinical scenarios, both
US and/or MRI have both been recom-
mended with no specific mention as to
tool preference, related in part to the
recognition of availability and feasibil-
ity issues for individual clinicians.

As these imaging tools become increas-
ingly available for use in modern clini-
cal practice, the issue of which imaging
modality would be more appropriate in
specific clinical scenario(s) or research
setting(s) becomes important. This re-
view will focus on relevant RA imag-
ing studies with the aim to understand
the usefulness of US versus MRI in RA
diagnosis, prognosis and outcome as-
sessment.

RA diagnosis:

which is a better tool?

The EULAR Task Force has included
in its recent set of recommendations
that US or MRI can be used to im-
prove diagnostic certainty in RA above
the clinical criteria — importantly this
is in cases where there is a diagnostic
doubt (based on clinical history, ex-
amination and routine laboratory test-
ing) (9). MRI and US were recently
incorporated in the international crite-
ria for RA. In the recent ACR/EULAR
2010 criteria for RA, classification as
definite RA is based on the presence
of definite clinical synovitis (swelling
at clinical examination) in one joint or
more, absence of an alternative diag-
nosis that better explains the synovitis,
and achievement of a total score =6
(of a possible 10) from the individual
scores in four domains. In the joint in-
volvement domain, which can provide
up to 5 of the 6 points needed for an
RA diagnosis, MRI and US synovitis
count. In other words, MRI and US can
be used to determine the joint involve-
ment (10-12). The fact that MRI and
US are now officially accepted for this
purpose by the European and Ameri-
can rheumatologic communities is an
important step in the recognition of the
utility of MRI and US in the diagnosis
and management of inflammatory arth-
ritides. Furthermore, The American
College of Rheumatology (ACR) has
also recently described the reasonable
use of musculoskeletal US in clinical

practice, and included the diagnosis in
a patient who presents with joint symp-
toms without definitive diagnosis on
clinical examination (13).

US has the advantage of allowing mul-
ti-joint scanning in the same sitting and
may be well suited for evaluation in
those who present with oligo- or poly-
articular joint symptoms. In this con-
text, choosing a subset of representative
joints for assessment will be important
as extended joint scanning can be time-
consuming (14) and hence reduces fea-
sibility. This area is therefore an impor-
tant focus of research.

These imaging tools have been shown
to add value to routine clinical assess-
ment, in the diagnostic evaluation of
patients who presents with undifferen-
tiated arthritis, in a few recent studies.
Filer et al. determined (using logistic
regression modelling) that the minimal
set of joints to scan should include the
metacarpophalangeal joints (MCPlJs),
wrists and metatarsophalangeal joints
(MTPJs) (15) in order to provide the
optimal information for RA predic-
tion. The findings from this study
were derived from 38-joint US scan-
ning, which was shown to modestly
improve the diagnostic performance
when used along with the 2010 RA
classification criteria in patients who
presented within 3 months of their in-
flammatory joint symptoms. A separate
study evaluated the use of a 20-joint
(all MCPJs/ proximal interphalangeal
joints (PIPJs)) power Doppler ultra-
sound (PDUS) screening method in 50
patients with undifferentiated polyar-
thralgia (of which 50% developed RA).
This study reported high sensitivity
(92%), specificity (91%) and positive
likelihood ratio in RA prediction (16).
The study by Nakagomi et al. demon-
strated that US inflammatory findings
can improve the accuracy of the 2010
ACR/EULAR classification criteria for
predicting RA patients requiring MTX
treatment within one year (17). Specifi-
cally, without ultrasound, the 2010 cri-
teria had a sensitivity and specificity of
58.5% and 79.4%. The use of US grey-
scale (GS) imaging score =1 increased
the sensitivity to 78.0% (specificity
was retained) while the use of GS =2/
power Doppler (PD) =1 increased the
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specificity to 93.7% although mildly
compromising the sensitivity to 56.1%.
Several studies have described the di-
agnostic utility of MRI in inflammatory
arthritis. A systematic literature review
(SLR) up to 2009 (18) concluded that
MRI bone oedema and the combined
synovitis and erosion pattern seemed
useful in predicting the development
of RA from undifferentiated periph-
eral inflammatory arthritis, but that
additional studies were needed. This
was particularly based on 2 studies in
undifferentiated arthritis; one showed
that the combined synovitis and ero-
sion pattern was related to the devel-
opment of RA (19) whereas the other
demonstrated that the presence of bone
oedema had a positive predictive value
of 86.1% for the subsequent develop-
ment of RA according to the ACR 1987
criteria (20). After the SLR, a large
follow-up study of undifferentiated
arthritis documented MRI as a predic-
tor of the diagnosis of RA (21).In 116
undifferentiated patients, bone oedema
in the wrist and metatarsophalangeal
(MTP) joints was an independent pre-
dictor of the subsequent development
of RA according to the ACR 1987 cri-
teria. A prediction model, including
clinical hand arthritis, morning stiff-
ness, positive rheumatoid factor (RF),
and MRI bone oedema score, in MTP
and wrist joints correctly identified the
development of RA or non-RA in 82%
of patients. Finally, recently presented
data showed that substituting clinical
assessment of joint involvement with
MRI synovitis in the joints of one hand
increased the sensitivity, specificity
and positive and negative predictive
value of the ACR/EULAR 2010 crite-
ria in undifferentiated arthritis for pre-
dicting development of RA according
to the original ACR 1987 criteria (22),
further supporting the benefits of mod-
ern imaging in clinical practice.

To date, there is no prospective RA
study that systematically compares
the diagnostic use of these two imag-
ing modalities. The clinical presenta-
tion of RA patients can vary and we
do not know how these imaging tools
will fare relative to the other in various
clinical contexts: e.g. polyarticular ver-
sus oligo/mono-articular involvement,



Table I. US versus high-field MRI as prognostic tools in RA studies.
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Reference No of RA duration/ Joint site(s) imaged Baseline US/MRI finding(s) Corresponding odds ratio or
RA patients follow-up with prognostic value correlation coefficient for
period (months) usS MRI structural progression
radiographic progression
Brown (25) 102 <12/12 *MCPJs MCPIJs 1) US Synovial hypertrophy score AOR 2.3
Wrist Wrist 2) US **PD score OR 4
3) Positive PD signal on US OR 122
4) MRI synovitis score OR 298
radiographic progression
Kamishima (28) 29 8(median)/12 MCPJs Wrist 1) MRI erosion (time-integrated) ACR 0.65
MRI erosive progression
2) *PDUS score (time-integrated) CR 0.56
MRI erosive progression
Boyeson (29) 84 <12/12 Wrist Wrist 1) #GSUS inflammation OR 201
2) MRI ***BME OR 1.28

*MCPJs: metacarpophalangeal joints; **PD: power Doppler; ***BME: bone marrow oedema; “PDUS, power Doppler ultrasound; #GSUS: grey-scale ultrasound; AOR: odds ratio;

AACR: correlation coefficient.

smaller versus larger joint involvement
and seropositivity versus seronegativ-
ity. Clearly, well-designed studies in-
corporating both US and MRI in the
diagnostic workup of RA patients are
needed.

RA prognosis:

predicting structural progression
The recent EULAR recommendations
included that (a) MRI BME could be
used as a prognostic indicator since it
can predict subsequent radiographic
progression in early RA while (b)
both synovitis and joint damage seen
on MRI or US can be considered for
prediction of further joint damage (9).
The stronger wording for MRI BME is
justified by the fact that MRI in early
RA in multivariate analyses have been
demonstrated to be a strong independ-
ent predictor of subsequent radiograph-
ic progression, up to 5 years after MRI
(23-24), while similar data were not
available for US. Table I summarises
RA studies that compare US and high-
field MRI as prognostic tools. Inflam-
matory findings such as US synovitis
(both GS and PD) and MRI synovitis/
BME at the MCPJs and/or wrist joint
have both been shown to some extent
to predict structural progression in peo-
ple with short disease duration (<12
months). PDUS looks rather promis-
ing in the study by Brown et al. (25)
which reported positive PD signals
to have the highest predictive value
for CR progression in early RA when
compared to various US and MRI in-

flammatory findings, although multi-
variate analyses were not performed.
MRI is substantially more costly than
US although it has the advantage of
visualising BME, a unique pathology
on imaging that corresponds to area of
osteitis (26) on histopathology and to
sites of subsequent bone erosions (27).
We need further studies to understand
the cost-effectiveness of these imaging
tools when used for RA prognosis, and
to understand the timing of their appli-
cation in the patient treatment pathway.

RA assessment and monitoring:
inflammation and damage

i) Synovitis assessment

US and MRI can both assess synovitis.
Both modalities are superior to clinical
examination in this regard and EULAR
has included in its recommendation that
both can be considered for more accu-
rate inflammatory assessment and may
be useful in monitoring disease activ-
ity (9). Takase et al. recently compared
synovitis detected on PDUS and con-
trast-enhanced high-field (1.5 Tesla)
MRI with histopathology at the knee
joint in 20 patients (15 of which were
diagnosed with RA and the remaining
with osteoarthritis (OA)) underwent
total knee replacement (30). The main
pathological findings studied were in-
flammatory cell infiltration, synovial
cell proliferation and neo-angiogenesis
while US (both GS and PD) and MRI
scored synovitis semi-quantitatively
using a 0-3 scale and according to RA
MRI score (RAMRIS) (7) respectively.
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Although PDUS correlated significant-
ly with contrast-enhanced MRI synovi-
tis score (correlation coefficient (CR)
0.53), higher grade (2-3) findings were
found in 9 and 17 patients for PDUS
and MRI, respectively. Among the
three imaging parameters, PDUS cor-
related best with total pathology syno-
vitis score (CR of 0.84) although both
GSUS and MRI had significant correla-
tion with the latter (both CR of 0.48).
Looking at individual pathologies,
significant correlations were seen by
all three imaging parameters with in-
flammatory cell infiltrate, two imaging
parameters (GSUS and PDUS) with
vascularity and one imaging parameter
(PDUS) with synovial lining thick-
ness. Using histopathology findings as
a reference, MRI was found to be more
sensitive (75-83%) compared to PDUS
(67-100%) while PDUS was more spe-
cific (69-88%) than MRI (8-13%).
While this study could not conclusively
decide if one imaging modality is supe-
rior to the other in the chronic disease
under study, it does highlight the point
that there exist important differences
between modalities when used for in-
flammatory assessment. This needs to
be further explored. Table II shows the
RA studies that compare PDUS and
high-field contrast-enhanced MRI in
synovitis assessment. It is difficult to
make comparison across studies given
the heterogeneity in patient baseline
characteristics (e.g. disease duration),
different joint sites assessed and vari-
ety of scoring methods.
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Table II. PDUS versus high-field contrast-enhanced MRI for synovitis assessment in RA studies.

Reference No of RA duration Joint Scoring method Reliability Comparative analysis
RA patients (years) site(s) (synovitis) (synovitis detection)
At patient level At joint level (by regions)
Wamser (31) 24 6.3 (median) Shoulder  *PDUS: **Semi-quant (1-4) PDUS: nil PDUS: 8/24(33%) PDUS: 14/96(15%):
MRI: Semi-quant (1-4) MRI:  nil MRI: 22/24 (92%) MRI: 69/96 (72%)
Hoving (32) 46 less than 2 Wrist PDUS used, vascularity not scored PDUS: nil US: 25/46(54.3%)-baseline nil
AMCPJs  MRI: Semi-quant (1-4 MRI: “Intra-RR: ICC 0.90  MRI: 33/46(71%)-baseline
APIPJs *Inter-RR ICC 0.89
Brown (33) 107 7 (median Wrist PDUS: Semi-quant (0-3) PDUS: Intra-RR: ICC 0.38  PDUS: 64(60.4%) PDUS:118/354(33%) sites
MCPJs  MRL  Semi-quant (***RAMRIS) MRI: Intra-RR: ICC 0.83 MRI : 87(92.6%) with synovial hypertophy
MRI: 327/741(52%)
Predictive values
Bruyn (34) 9 2 (median) Shoulder  PDUS: present/absent PDUS: axillary/posterior recess Note: MRI used as reference standard
I(normal) MRI: present/absent Intra-observer Kappa: 0.77/0.91 (sensitivity/specificity/ “PPV/¢“NPV)
Inter-observer maximum Kappa: US Acxillary recess:0.60/0.88/0.88/0.43
0.07/0.97
MRI: nil US Posterior recess:0.93/0.49/0.36/0.97
Takase (30) 15 RA 6 (median) Knee PDUS: Semi-quant 0-3 PDUS (former study): Note: Histopathology used as reference
intra-observer Kappa 0.92 standard
50A MRI: Semi-quant(RAMRIS) MRI: inter-observer Kappa 0.85 (sensitivity range/specificity range)

PDUS:67-100%/69-88%,
MRI: 75-83%/8-13%

*PDUS: power Doppler ultrasound; **Semi-quant: semi-quantitative; ***RAMRIS: RA MRI Score; AMCPJs: metacarpophalangeal joints; Mproximal interphalangeal joints;
“Intra-R: intra-rater reliability; “Inter-RR: inter-rater reliability; “PPV: positive predictive value; ®“NPV: negative predictive value.

ii) Bony erosion assessment

CR is often used as the initial imaging
modality of choice to look for erosive
changes in RA. The EULAR set of rec-
ommendations has included US and/
or MRI as additional imaging modali-
ties that could be considered for use if
CR does not show damage; US and/or
MRI may be used to detect damage at
an earlier time point than CR (9). Al-
though computer tomography (CT) is
often considered the gold standard for
evaluating bony erosions, its main dis-
advantage is the exposure to ionising
radiation. Two RA studies comparing
US and MRI to CT will be elaborated.
The first study compares grey-scale
ultrasound (GSUS) and contrast-en-
hanced MRI (1.0 Tesla) at the shoul-
der joint in 26 RA patients (35). Hu-
meral head erosions were scored as
either none, small, superficial or large
for all 3 modalities. MRI detected ero-
sions in 25 out of 26 shoulders (96%),
US detected 24 out of 26 shoulders
(92%) while CT in 20 out of 26 shoul-
ders (77%). At the greater tuberosity
and anteromedial region, the congru-
ency between US and MRI was quite
good, although MRI detected more
erosions than US posterolaterally. In

this study, MRI detected more ero-
sions than US although the authors
raised the concern whether these are
true erosions or may be pre-erosive
oedematous change in the subchondral
bone. The second study by Dohn er al.
also compared US and MRI erosive
findings to CT (as reference standard)
at the MCPJs of 17 RA patients (al-
though MRI used was intermediate
field strength at 0.6 Tesla) (36). When
compared to CT, US and MRI had a
high specificity in detecting erosion
(91% and 96% respectively), even in
radiographically normal joints (corre-
sponding specificity of 92% and 96%).
This suggests that erosions seen on US
and MRI are sites of cortical destruc-
tion representing ‘true’ erosions. The
sensitivity of MRI was 68%, US 42%
and radiography 19%. Similar results
were found in a larger material of 52
patients (37). A recent systematic re-
view included 21 studies (913 patients)
which aimed to compare US and MRI
in detection of bony erosions (38).
This analysis revealed similar effica-
cies of both US and MRI at both the
patient (OR of 1.76, p=0.22 with 338
patients) and the joint levels (OR is
1.19, p=0.45 with 869 joints) in early
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RA, but the studies generally included
no gold standard reference, except for
the studies by Dghn et al. mentioned
above. The inter-observer reliability
of US was found to be comparable
to MRI (despite the former being de-
scribed as a more operator dependent
modality). However, it is important to
acknowledge that reproducibility data
on the most variable part of the exami-
nation, US image acquisition (as op-
posed to scoring previously recorded
US images) is generally lacking.

iti) Inflammatory assessment

in clinical remission

Both US and MRI inflammatory find-
ings are common in RA clinical remis-
sion and low disease activity states (25,
33,39). The EULAR recommendations
suggest that both US and MRI can be
use for inflammatory assessment that
predicts subsequent joint damage even
in states of clinical remission (9). In
states of clinical remission, active PD
findings on US have been demonstrat-
ed to predict subsequent disease flare in
two RA studies (40, 41) while a sepa-
rate study including 102 RA patients
reported that an increased PD signal,
scores for GS synovial hypertrophy,



PD and MRI synovitis were all predic-
tive of subsequent radiographic pro-
gression at 12 months (OR (95% CI):
12.21 (3.34, 44.73), 2.31 (1.06, 5.52),
4.00 (1.98, 8.08) and 2.98 (1.49,5.97),
respectively) (25).

iv) Monitoring joint inflammation and
structural progression

Again the EULAR recommendations
suggest that US and MRI may be use-
ful in monitoring disease activity as
both can more sensitively detect in-
flammation when compared to clini-
cal examination (9). There are now
increasing numbers of randomised
controlled therapeutic trials in RA that
have utilised MRI as an outcome meas-
urement tool (4, 5, 42). In comparison,
the use of US as a monitoring tool in
randomised controlled drug trials has
been limited, although there are several
longitudinal observation studies evalu-
ating drug therapy and a number of
large trials underway (4, 43). MRI has
in place an internationally recognised,
reliable and validated scoring system
(RAMRIS) for inflammatory assess-
ment at the wrist and MCPJs (7). The
sensitivity to change at the wrist has
been evaluated in a multi-reader valida-
tion study with MRI performed at base-
line and one year (44). The minimal
detectable change for synovitis change
score (26.5%) was greater than the
corresponding value for BME change
score (8.17%) which implies that the
latter is more sensitive to change when
compared to the former. A recent sys-
tematic review conducted by the ACR
RA clinical trials task force identified 9
randomised controlled trials (RCTs) (5
of which examined FDA-approved dis-
ease modifying anti-rheumatic drugs
[DMARDEs]) in which MRI was use as
outcome measurement tool. These 9
RCTs all utilised RAMRIS for scoring
pathology. From these studies, MRI
inflammatory and structural joint dam-
age findings were shown to be of high
value in discriminating therapeutic ef-
fects in RA (42).

For US, although there is a semi-quan-
titative (0-3) scoring system available
(8), there is lack of consensus on the
minimal joint sites to select for US
scanning (45). A recent study on 20

RA patients reported equal response to
adalimumab treatment using various
US joint combination (7- to 78- joint
US score) (46). Specifically, the re-
duced joint scores all had high corre-
lation with the extended 78-joint score
and the sum of their GS and PD scores
all improved significantly over time.
A separate study by Haavardsholm
et al which included 36 RA subjects
on anti-TNFs reported standardised
response mean (SRM) as a measure-
ment of responsiveness of both GSUS
and contrast-enhanced MRI findings at
the wrist joint over time (at 3,6 and 12
month time-points) (47). MRI showed
a greater responsiveness as the SRM
for MRI total inflammation score was
greater than the US total inflammation
score which ranged between -1.05 to
-1.24 and -0.37 to -0.54 respectively al-
though this study did not utilise PDUS.
It is currently difficult to conclude
whether US or MRI is the better tool
for outcome measurement based on
the limited available data, and clearly
this may be dependent on the clinical
setting (trials vs. practice). While the
EULAR recommendations state that
CR should be considered for use for
periodic assessment of joint damage,
MRI (and possibly US), being more
sensitive to such damage, can also be
used to monitor disease progression
(9). The study by Haavardsholm et al.
(47) revealed that MRI and CR annual
progression rates were similar although
MRI was more responsive than CR for
erosive changes at both 3 and 6 months
time-points. There was no comparative
data with US for detection of erosions.

Summary

The application of musculoskeletal US
and MRI in the context of RA joint
assessment has undergone extensive
development over the last decade. Re-
cently, EULAR has published a set of
recommendations for the use of imag-
ing tools spanning across RA diagno-
sis, prognosis and disease monitoring.
Use of US and MRI are frequently
included together in these recommen-
dations, but it was impossible from
the evidence review to provide clear
guidance on which is the more appro-
priate tool to use in clinical practice
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settings. This is not surprising, given
that there are no studies comparing
both US and MRI in RA diagnosis
and limited studies comparing their
use in RA prognosis and monitoring.
In face of diagnostic uncertainty, both
US and MRI can be useful adjunctive
tools and their application should be
further explored and compared in vari-
ous clinical scenarios (e.g. seroposi-
tivity status, distribution and number
of joints involved). Both US and MRI
can provide prognostic information on
RA structural progression. MRI has the
added advantage of visualising BME
while PDUS has been shown to predict
future disease flares in RA clinical re-
mission states. Both US and MRI have
superiority over clinical examination
in inflammatory assessment and CR in
detection of erosions. Hence they are
well suited for monitoring RA disease
activity and structural progression. The
technologies associated with these mo-
dalities are constantly improving, and
the use of whole-body MRI or quanti-
tative US may well change their roles
as discussed here. Local service con-
siderations and the needs of individual
studies will determine which modality
is best placed to optimally provide the
enhanced clinical information that they
can both provide.
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