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Summary. With the introduction of new biologics such as anti-TNF-alpha antibodies and other therapies
in the treatment of inflammatory arthritis, capable of halting joint destruction and functional disability, there
are new pressures on diagnostic and prognostic imaging. Early demonstration of pre-erosive inflammatory
features and monitoring of the long-term effects of treatment are becoming increasingly important. Early de-
tection of synovitis offers advantages in terms of allowing early instigation of therapy and may allow the iden-
tification of those patients displaying more aggressive disease who might benefit from early intervention with
expensive DMARD therapy. Advanced imaging techniques such as ultrasound (US) and magnetic resonance
imaging (MRI) have focussed on the demonstration and quantification of synovitis and allow early diagno-
sis of inflammatory arthropathies such as rheumatoid arthritis (RA) and psoriatic arthritis (PsA). Synovitis
represents a potential surrogate measure of disease activity that can be monitored using either MRI or US;
the techniques have, generally, focused on monitoring synovial volume or quality as assessed by its vascularity.
However to achieve these goals, standardisation and validation of US and MRI are required to ensure accurate
diagnosis, reproducibility and reliability. Each modality has different strengths and weaknesses and levels of
validation. This article aims to increase the awareness of radiologists and rheumatologists about this field and
to encourage them to participate and contribute to the ongoing development of these modalities. Without
this collaboration, it is unlikely that these modalities will reach their full potential in the field of rheumatolog-
ical imaging. This review is in two parts. The first part addresses the role of US and colour or power Doppler
sonography (PDUS) in the detection and monitoring of synovitis in inflammatory arthropathies. The second
part will look at advanced MR imaging and Dynamic contrast-enhanced MRI techniques and in particular
how they are applied to the monitoring of the disease process. (www.actabiomedica.it)
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Introduction tis, and is considered an important factor in the chro-
nicity of the disease and the best predictive marker of

Synovitis (inflammation of the synovium) is a  joint damage (1, 2). Proliferation of the synovial tissue
characteristic feature of chronic inflammatory arthri- resulting in the formation of the pannus is an early
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event in the course of the rheumatic diseases and can
be seen before destruction of cartilage and bone (3).

New blood vessel formation seems to be one of
the many variables required in the pathogenesis of
proliferative synovitis, of which rheumatoid arthritis
(RA) is the prototype.

Under normal conditions, the synovium main-
tains a delicate balance between proangiogenic and
antiangiogenic forces. In the inflammatory synovium,
however, this balance is lost and there is an increase in
proangiogenic factors, ultimately leading to endothe-
lial cell proliferation and pannus growth. Accurate
assessment of synovitis is essential in rheumatologic
practice to make therapeutic decisions and to evaluate
the response to treatment.

Ultrasonography (US) offers a non-invasive, re-
producible, non-radiating, and relatively inexpensive
method for detecting joint effusion and bursal fluid col-
lection and may depict hyperplastic synovium and un-
derlying erosive disease. However, it does not provide
direct information about haemodynamic alterations,
which may occur in soft tissue inflammation. Color
Doppler US/Power Doppler US (CDUS/PDUS) is
important in distinguishing complex effusion and pan-
nus and in the assessment of vascular abnormalities at
the synovial tissue. Several studies demonstrated that
US, CDUS/PDUS and magnetic resonance imaging
(MRI) are more sensitive than clinical examination
in detecting synovitis (4-7) and in particular for large
joints such as the shoulder and knee (8-10). An im-
portant issue consists of the possibility of identifying
subclinical synovitis, being subclinical inflammation
not an uncommon feature in rheumatic disease.

Ultrasound contrast agents enhance visualization
of the small synovial vessels, can be used to estimate
haemodynamic alterations and may have a role in as-
sessing synovial activity and in distinguishing between
inflammatory and non-inflammatory pannus. Estima-
tion of the area under US contrast enhancement curves
may help to produce a method of measuring synovial
activity and in evaluating the efficacy of the therapeu-
tic regimens.

MRI allows excellent viewing of all components
of the joint simultaneously. MRI depicts soft tissue
changes and damage to cartilage and bone and it is
the only imaging modality that depicts bone marrow

oedema, an MRI feature that is strongly associated
with disease progression (11). It is an excellent tool
to assess synovial swelling and volume. Dynamic MRI
allows direct visualisation of the inflamed synovium
in patients with arthritis and it may be considered the
gold standard assessment technique (12, 13).

This review describes imaging modalities available
and their main applications in patients with inflam-
matory arthritis and discusses the evidence and advan-
tages supporting their use.

Imaging modalities
Ultrasonography

Ultrasound is an evolving technique and the rapid
progress in ultrasound technology over the past ten
years has dramatically increased its range of applica-
tions in rheumatology. US is used to detect, assess, and
quantify both the inflammation of joints and structural
damage caused by a variety of rheumatic diseases (14).
Ultrasonic wave pulses hitting tissue interfaces pro-
duce echowaves that form US images. A large number
of studies have clearly demonstrated that US exami-
nation of joints has a higher sensitivity for detecting
synovitis than does physical examination (15-19).

US allows the visualization of the morphologic
structures of the joints and surrounding tissue, such
as tendons, and the differentiation of fluid and solid
structures and between synovial inflammation and
tenosynovitis, bursitis and other soft tissue lesions
that can mimic clinical synovitis, but does not provide
colour maps of tissue and direct information about
haemodynamic alterations, which may occur in soft
tissue inflammation. By US minimal changes of vol-
ume within a joint due to effusion or synovitis can be
detected more sensitive than with clinical examination
(20), especially in subclinical alterations.

To ensure that musculoskeletal ultrasonography
findings are comparable, it is important to use a stand-
ardized examination procedure and to define typical
pathologies (21, 22). According to EULAR (Euro-
pean League Against Rheumatism) and OMERACT
(Outcome Measures in Rheumatology Clinical Trials)
Ultrasound Task Force (23) effusion is defined as the
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0: normal ( <2 mm)
1: mild (2 - 2.9 mm)
2: moderate (3 -5 mm)
3: marked (> 5 mm)

Figure 1. Rheumatoid arthritis. Dorsal longitudinal scan of the
wrist showing joint cavity widening due to intrarticular fluid
and synovial hypertrophy. Semiquantitative scoring systems in
gray scale ultrasound on a scale of 0-3 (0, none; 1, mild; 2, mod-
erate; 3, marked). Abbreviations: 1, radius; lu, lunate bone; ca,
capitate bone; m, third metacarpal bone

abnormal presence of hypoechoic or anechoic intra-ar-
ticular material that is displaceable and compressible,
but does not exhibit a Doppler signal, while synovial
hypertrophy or proliferation is represented by the ab-
normal presence of hyperechoic intra-articular tissue
that is nondisplaceable and poorly compressible, and
might also exhibit a Doppler signal. An inflamma-
tory status at joint level is characterized by the pres-
ence of synovial effusion and/or hypertrophy and by
the increase of local vascularization. In the presence of
synovial hypertrophy, the application of PD and CD
techniques can help in differentiating between effusion
and pannus and between active and inactive inflamma-
tion (24).

Synovitis, either proliferative or exudative, can
be ultrasonographically graded. Its quantification via
grayscale ultrasound usually uses a semiquantitative
scale with three levels of intensity, indicating mild,
moderate or marked synovial changes (Figure 1) (25,

26).
Spectral Doppler

Doppler ultrasonography is primarily used for
the hemodynamic assessment of blood vessels. Dop-
pler technique is based on the physical phenomenon,
which consists of a change in the frequency of a sound

wave resulting from motion of either the source or the
receiver and reflect, giving us information about the
movement of objects such as red blood cells in vessels.
Spectral Doppler allows us to measure different blood
flow parameters, some of which, such as the resistive
index (RI), can be used to assess synovial inflammation.
In the cerebral and renal arteries, high diastolic
flow is normal because low peripheral resistance is es-
sential for continuous high perfusion. Conversely, nor-
mal blood flow in musculoskeletal tissues is character-
ized by high resistance, because the diastolic velocity
has been considered to be zero, so the RI, which is the
ratio between the systolic peak minus the end diastolic
flow and the systolic peak, has a value of 1 in normal
conditions; a decrease in the RI is registered in case of
inflammation or neo-angiogenesis (27) (Figure 2).
The inflammatory process is characterized by an
increased perfusion and permeability of vessels and
neovascularization and consequently an increased of
the diastolic velocity and decreased RI at the level of
inflamed synovium. Therefore, cut-off levels of RI are
necessary to differentiate pathological flow from syn-
ovitis — like changes that can be documented also in
healthy subjects. In addition, cut-off levels of RI are
necessary to differentiate pathological flow from nor-

Figure 2. A. Spectral Doppler sonogram of the wrist joint of a
rheumatoid arthritis patient. A persistent flow during the di-
astole and a reduced resistive index (RI), due to an abnormal
vascularisation, can be observed. B. Example of a spectral Dop-
pler sonogram in normal conditions. Physiological flow in mus-
culoskeletal tissues is characterized by high resistance, because
the diastolic velocity has been considered to be zero, so the RI
has a value of 1
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mal perfusion that can be found in joints of healthy
control subjects. Terslev et al. (28) have reported a cut-
off level of RI in healthy subjects ranging from 0.83
to 0.90. In another study Terslev et al. (29) reported a
mean RI of 0.80 at the wrist and metacarpophalangeal
joints in healthy subjects, which was higher than the
values in the range of 0.4-0.76 reported in the litera-
ture for patients with rheumatoid disease (28).

More recently, we found a significant differ-
ence between mean RI at the wrist and finger joints
in patients with rheumatoid disease and healthy sub-
jects (0.72 versus 0.86, respectively) (30). We, also,
observed a significant difference in mean RI between
patients with early onset and those with long-standing
of disease (0.71 versus 0.74). Inflaimmation leads to
increased blood flow in synovial and peri articular tis-
sue, at tendon insertions, and in tendon sheaths, which
can be detected by CD ultrasonography. In addition, in
clinical practice, spectral Doppler can be useful to dis-
tinguish real flow versus artefacts in some occasional
doubtful cases.

In inflammatory arthritis, color or power Doppler
signals within synovial hypertrophy is the main patho-
logic marker of inflammatory activity (31, 32).

Color Doppler Ultrasound

CD mode can detect pathological synovial blood
flow, which reflects the joint inflammatory activ-
ity (33). CD ultrasound generates a real-time map of
colored pixels in the gray scale setting, showing sites of
blood flow in the area of interest defined by the Dop-
pler box.

The color of the signal indicates the direction of
blood flow, with red spots generated by blood flow di-
rected toward the probe and blue ones away from it.
The flow direction is arbitrarily assigned the colour red
or blue, indicating flow toward or away from the trans-
ducer. No signal is displayed if the direction of blood
flow is perpendicular to the ultrasound beam.

CD gives any information about the number of
moving cells. The CDUS technique is affected by the
direction of blood flow, whereas the images obtained
by PDUS are not direction-coded. PDUS is, therefore,
able to detect a very slow blood flow rate.

A number of studies have shown the ability of

CD to detect synovial vascularization in patients with
chronic inflammatory arthritis, to differentiate be-
tween normal and abnormal blood flow and between
inactive and active pannus, and to assess changes in
synovial blood flow induced by different treatments.
However, CD findings can be found at the wrist and
metacarpophalangeal joints in healthy subjects (28,
30). Terslev et al. (28) scanned 324 joints in 27 healthy
subjects, and found color Doppler signals in 15 of 27
wrists, 17 of 27 first carpometacarpal joints, 10 of 135
metacarpophalangeal joints, and 1 of 135 proximal
interphalangeal joints. Previously, we observed color
Doppler signals in 45 of the 430 joints of healthy
subjects and the positive Doppler findings were most
common in the wrists, followed by metacarpophalan-
geal joints and proximal interphalangeal joints (30).

Several methods have been proposed for scor-
ing intra-articular color Doppler signals (34). The two
main methods are the semiquantitative scoring system,
which assesses the amount of color Doppler signals
using a four-point grading scale, and the quantitative
scoring system, which counts color pixels in synovial
tissue using dedicated post-processing software. The
semiquantitative method allows for more rapid as-
sessment, and relies on the skills and experience of the
sonographer, whereas the quantitative method, with
computer-assisted measurement of color pixels 12 on
the basis of either an absolute number of pixels, or a
percentage of an area covered with pixels, in a region of
interest, has the potential to be more reproducible, but
requires more time (35). In a recent study, Terslev et al.
(36) compared these two methods when scoring at the
wrists of 46 theumatoid patients in the dorsal view and
a high correlation and comparable inter-reader agree-
ment was found between these scoring systems.

Power Doppler Ultrasound

Power Doppler encodes the amplitude of the
Doppler signal resulting from the volume of blood
present, regardless of direction and speed, thereby de-
tecting flow also in case of perpendicularity of the flow
to the US beam and enables sensitive assessment of
low-velocity flow in small vessels of the synovial tis-
sue, thus being more appropriate for the analysis of
neo-angiogenesis (37, 38). Recent data suggested that
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PD can provide more accurate data than grey scale for
synovitis in RA (39). Even if, using last-generation
ultrasound equipment, substantial difference between
color and power Doppler with regard to detection of
slow flow was not found (40), the majority of stud-
ies investigating the role of ultrasound in patients with
chronic inflammatory arthritis have been performed
using power Doppler.

A number of studies showed the validity and reli-
ability of power Doppler in the assessment of vascular-
ized synovium in joints and tendon sheaths in patients
with chronic inflammatory arthritis and a strong cor-
relation was found between the qualitative estimates of
blood flow obtained by PDUS and synovial blood vessel
density in a histological tissue section (41-43). PDUS
has also been validated against other modalities includ-
ing contrast-enhanced MRI scanning (44), considered
as the gold standard assessment technique. Walther et
al. (43) compared PD and synovial histopathology of
the knee joint in 23 patients (10 affected by RA, 13
by OA), who were undergoing total knee arthroplasty.
They evaluated both grey-scale and PD synovitis, quan-
tifying them on a 4-point scale, according to the New-
man score (45) and adding an automatic quantification
of red pixels a sign of vascularization. Both the qualita-
tive and the quantitative estimation of vascularization
correlated with the histopathological findings, leading
to the conclusion that PD is a valid tool for the de-
tection and quantification of synovial vascularization
(43). One year later, a similar work was done on the
hip using the same protocol (24 patients, 15 with OA
and 9 with RA); the results showed a good correlation
between histological findings and PD in the detection
of synovial vascularity (46).

When contrast-enhanced MRI (CE-MRI) has
been used for assessing the validity of PD, a good cor-
relation between the two techniques has been shown
(47). Szkudlarek et al. (44) showed a good correlation
between power Doppler signals and contrast-agent
enhancement in MRI for visualizing active synovitis
and the sensitivity and specificity of CD/PD Doppler
ultrasonography compared with MRI were 89% and
98%, respectively, for the assessment of inflammation
in metacarpophalangeal joints in patients with RA.

Several studies have evaluated the validity of
power Doppler in the assessment of synovitis in pa-

tients with inflammatory arthritis (48). Kaoru Takase-
Minegishi et al. (49) in their systematic review and
meta-analysis of studies evaluating the diagnostic test
accuracy of US for synovitis detected by MRI as the
reference standard for wrist, metacarpophalangeal
joints, proximal interphalangeal joints and knee joints
of patients with RA, found that US, especially power
Doppler US, is a valid and reproducible technique for
detecting synovitis in the wrist and finger joints of
these patients .

In a number of studies, the presence of synovial
Doppler signal has shown diagnostic value in rela-
tion to the development of chronic arthritis or RA in
patients with early undifferentiated synovitis (50-52).
Some PDUS signs can help to distinguish RA from
other causes of arthritis. Gutierrez et al. (53) found
that in early psoriatic arthritis hypoechoic swelling
surrounding the extensor digitorum tendon and peri-
tendinous PD signal seem to predominate compared
with intra-articular PD signal in early RA (Figure
3). This study supports the hypothesis that the extra-
articular tissue involvement seems to be characteristic

of spondyloarthritis rather than RA (54). Addition-

Figure 3. A: Psoriatic arthritis: Metacarpophalangeal joint on
dorsal longitudinal scan showing the peritenon extensor ten-
don inflammation pattern. B. Rheumatoid arthritis. Meta-
carpophalangeal joint. Dorsal longitudinal scan showing in-
tra-articular power Doppler signals prevalent at fat pad level.
Abbreviations: et, extensor digitorum tendon; m, metacarpal

bone; p, proximal phalanx. Adapted by Gutierrez et al. (50)
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ally, it was noted that the peritenon extensor tendon
inflammation pattern was frequently observed in pa-
tients with short time of disease duration. According
to this observation, it is believed that the inflammatory
process in psoriatic arthritis (PsA) could begin at the
soft tissue level surrounding the extensor digitorum
tendon, successively involving the synovial membrane
(55), whereas an isolate synovitis could be detected in
the late stages of PsA disease. These preliminary re-
sults suggest a relevant potential role for PDUS in the
differential diagnosis between RA and PsA.

PDUS has several potential roles in gout diag-
nosis. It has shown diagnostic value in detecting early
changes in the soft tissues in cases of gout and can be
used especially when the clinical, laboratory and ra-
diographic studies are negative or inconclusive. Some
studies comparing the sensitivity and specificity of US
versus X-ray showed that US is more sensitive that
X-ray, because the sonographic changes are present at
earlier stages, in comparison to typical X-ray signals
(56, 57). PDUS allows the visualization of the char-
acteristic aspects for the diagnosis of gout (such as the
“double contour signal”, defined as an irregular linear
hyperechoic layer on the superficial margin of the an-
echoic hyaline cartilage and parallel to the bone cortex,
without a posterior acoustic shade, the bright hyper-
echoic foci, referable to microtophi and hyperechoic
areas in synovial tissue, and tophi within joints, soft-
tissue structures such as tendons, ligaments and bursae,
and also invading into bone) as well as joint effusion,
synovial hypertrophy and hypervascularity. PDUS al-
lows the visualization of the changes in the inflamma-
tory process of gout. The evaluation of gout by PDUS
demonstrates increased flow in the acute phase of the
podagra crisis, and generally, PD shows no flow when
the patient is out of the gout crisis, but it has been ob-
served that painful periarticular areas in patients with a
known diagnosis of gout can exhibit hyperechoic tophi
and flow with PD, even without the classic signs of cri-
sis (58). Furthermore, PDUS has been demonstrated
to be useful in the evidence that synovitis is frequently
present in osteoarthritis. Despite osteoarthritis tradi-
tionally being viewed as a non-inflammatory disease,
studies have shown a high prevalence of synovitis in
both non-erosive and erosive osteoarthritis. The dif-
ference in prevalence of power Doppler activity across

non-erosive and erosive osteoarthritis suggests more
“active” synovitis with more neoangiogenesis in erosive
osteoarthritis (59, 60) .

Several methodical papers have confirmed the
potential of PDUS for the measurement of disease
activity in patients with RA (61-64). Different semi-
quantitative systems have been proposed for scoring
intra-articular power Doppler signals. The most fre-
quently used are semiquantitative scoring systems that
score the Doppler information on a scale of 0-3 (0, no
intra-articular PD signal; 1, mild: singles vessel signal;
2, moderate : confluent vessel signals in less than half
of the synovium area; 3, severe: vessel signals in more
half of the synovium area), with increasing scores in-
dicating increasing amounts of color in the synovium
(65, 66) (Figure 4). This system is easily applicable in
clinical practice and clinical trials, and is reliable and
responsive to therapeutic interventions.

Although PDUS is useful for the assessment of
synovitis, it is a flexible and sonographer-dependent
examination and settings of US machines and the
scanning technique of the sonographer can greatly
influence the visualization of synovial vascularity and
reproducibility is a major problem (67). Several stud-
ies demonstrated that appropriate training in scanning
technique and reading of PDUS images could improve
and stabilize the reproducibility and reliability of scor-

2: middle (confluent vessel signals in
less than half of the synovium area)

3: marked (vessel signals in more
half of the synovium area)

Figure 4. Rheumatoid arthritis. Metacarpophalangeal joint.
Dorsal longitudinal scan showing intra-articular power Dop-
pler signal. Semiquantitative scoring systems that mark the
Doppler information on a scale of 0-3 (0, none; 1, mild; 2, mod-
erate; 3, marked). Abbreviations: et, extensor digitorum tendon;
m, metacarpal bone; p, proximal phalanx
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ing trials (68-71). A quantitative method to measure
pixel counts of synovial vascularity in the region of in-
terest has been proposed (72, 73).

More recently in the MEDUSA project, a com-
puter aided diagnostic system that supports an assess-
ment of synovitis severity, has been proposed (74).
Quantitative assessment of synovial Doppler signal
has the advantages of being more objectives than sem-
iquantitative assessment. Schmid et al. (75) compare
subjective estimation with grading system for synovial
PDUS (using the semi-quantitative score from 0 to 3
proposed by Szkudlarek et al. and Naredo et al.) and
computerized quantification of synovial perfusion in
active RA and concluded that electronic measurement
of the maximum colour fraction in the synovium may
replace semi-quantitative scores, and is more sensitive
to evaluate the change for follow-up RA trials (65,
76, 77). In addition, PDUS may be considered an im-
portant outcome measure, in fact high vascularity of
synovitis and persistent synovitis, evaluated by PDUS,
even in the absence of clinical symptoms, are predic-
tive markers for the development of severe erosive RA
(78, 79). In patients with RA in clinical remission,
the presence of a power Doppler signal at the wrist
and metacarpophalangeal joints was found to be as-
sociated with risk of relapse and structural progression
(80). Other studies detected radiographic evidence of
newly developed bone erosions in RA patients in per-
sistent remission, suggesting that a residual subclinical
inflammation may be missed using only clinical and
laboratory data and therefore the use of imaging tech-
niques has been claimed to state true disease remission
(81, 82).

Vreju (83) scanned the metacarpophalangeal
joints of twenty-four patients with RA in clinical
remission according to EULAR criteria and found
a positive correlation between the US bone erosions
and PDUS signs of subclinical synovitis. Therefore
this data support the hypothesis that in patients with
RA joint damage and bone erosions are considered the
result of persistent synovitis and that bone erosions
may occur also in patients achieving clinical remis-
sion. Brown et al. (82), in asymptomatic RA patients,
using ultrasonography, observed synovial hypertrophy
and abnormal power Doppler signal in 73% and 43%
of patients, respectively, while MRI revealed synovitis

and bone marrow oedema in 96% and 46% of these
patients. Therefore, its use in the clinical setting of re-
mission may reveal active vascularized synovium and
therefore influence therapeutic decision-making.

PDUS can help to differentiate patients with ag-
gressive disease in early RA, allowing the targeting
of expensive therapies to those with a poor progno-
sis (84). Many longitudinal studies have demonstrat-
ed the ability of PDUS to assess changes in synovial
blood flow induced by different treatments, including
intra-articular corticosteroid injections, systemic cor-
ticosteroid therapy, synthetic and biologic DMARDs
and therefore it could be considered a useful tool for
therapy monitoring in patients with chronic arthritis
(85-89). In our previous study we evaluated 20 pa-
tients with clinically active synovitis of a small joint
unresponsive to systemic drug treatment. They un-
derwent a sonographic guided intralesional injection
with triamcinolone acetonide. Joint cavity widening
and PD signals were evaluated and graded on a semi-
quantitative scale ranging from 1 to 4. Clinical and
sonographic follow up examinations were carried out
2 weeks after the injection with triamcinolone aceto-
nide. The results of this study support the view that
US and PDS may be regarded as useful adjunctive
tools for assessing short-term soft tissue changes after
intra-articular injection treatment with triamcinolone
acetonide in the small joints of patients with chronic
synovitis (90).

Contrast-Enhanced Color/Power Doppler

An ultrasound contrast agent consists of a suspen-
sion of relatively uniform, highly reflective, stabilized
gas-filled spheres, which enhance the Doppler signal,
increasing its sensitivity for detection of low velocity
blood flow at the level of the small vessels.

In contrast to MRI contrast medium, the US
contrast agent stays inside the lumen of the vessel and
does not diffuse in the extraarterial tissue. No extrava-
sation into the surrounding tissues is found, indicating
that ultrasound contrast medium acts as an intravascu-
lar contrast agent.

First-generation ultrasound contrast agents, for
example, galactose palmitic acid (Levovist®, Sher-
ingAG, Berlin, Germany), increase the sensitivity of
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the color signals. The more recent type of US contrast
agents consists of stabilised microbubbles of a sulphur
hexafluoride gas (SonoVue®, Bracco, Milan, Italy).
They provide a higher sensitivity and allow the deline-
ation of weak intraarticular blood flow. This method
depicts the blood flow in a grey scale image that pro-
vides only inaccurate information on the anatomic
structures around the perfused areas (Figure 5).

The use of contrast-enhanced US (CEUS) seems
to provide significantly higher sensitivity than PDUS
in the identification of abnormal vascularization in
joint inflammation, allowing a more exact measure-
ment of the synovitis, as well as a quantitative assess-
ment of inflammation by using the analysis of time-
intensity curves. Analysis of time-intensity curves in
a region of interest allows quantification of synovial
inflammation. The area under the curve, the slope of
the ascending and descending curve, measurement of
flow rate, assessment of vascular volume, and estimate
of mean velocity are all aspects allowing detailed eval-
uation of synovial inflammation.

In 2005 in a multicenter study of the Internation-
al Arthritis Contrast Ultrasound study group, com-

Figure 5. Rheumatoid arthritis. (A) Dorsal longitudinal scan of
the wrist showing moderate joint cavity widening mainly due to
an increased amount of synovial hypertrophy. (B) After intrave-
nous injection of an ultrasound contrast agent (SonoVue), mul-
tiple intra-articular microbubbles, representing the degree of
vascularity of the synovial membrane due to joint inflammation,
could be detected. (C) The corresponding contrast enhance-
ment curve after administration of SonoVue. Abbreviations: r,
radius; lu, lunate bone; ca, capitate bone; m, third metacarpal
bone. Adapted by Filippucci et al. (29)

paring contrast-enhanced ultrasound versus gray scale
and power Doppler ultrasound for detection of joint
vascularity in patients with rheumatoid disease, a total
of 113 joints were examined and contrast-enhanced
ultrasound was found to improve assessment of vascu-
larized synovial proliferation and the differentiation of
active synovitis from inactive intra-articular thicken-
ing (91). A number of other studies have investigated
contrast-enhanced power and/or color Doppler ultra-
sound in the assessment of synovitis (92, 93). Most of
these have been performed in patients with RA and
showed that contrast agents amplify detection of the
color signal and facilitate differentiation between active
and inactive synovitis (94, 95). Other studies reported
that contrast enhanced color Doppler US significantly
improves the detection of intra-articular vasculariza-
tion (94) and may increase the detection of even minor
perfusion (96). There is evidence showing that admin-
istration of a contrast agent significantly improves the
detection of color and power Doppler signals at the
knee and finger joints in patients with RA (94, 97).
Previously, we employed PDS with ultrasound
contrast agent to evaluate the degree of vascularization
of the synovial membrane of the knee of 41 patients
with RA, as well as to correlate the values of the area
under the time—intensity curves obtained after ad-
ministration of Levovist to the clinical and laboratory
findings of disease activity (98). The results showed
that the area under the curves (AUC) correlated with
the degree of knee inflammation, being significantly
higher in patients with clinically active synovitis com-
pared with those with inactive synovitis. In addition,
the mean value of the area under the curves was weakly
correlated with the number of swollen joints, whereas
it showed a stronger correlation with the compos-
ite indexes of disease activity, such as disease activity
score and chronic arthritis systemic index. Therefore,
the development and introduction of microbubbles
ultrasound contrast and new ultrasound images may
be considered a very promising technique for evaluat-
ing and measuring the degree of knee joint inflamma-
tion in RA and the time-intensity curves may have a
clinical potential for both diagnostic and therapeutic
purposes (98). In this regard, PDS with an intravenous
ultrasound contrast agent has been shown to be able to
detect changes in synovial perfusion after intra-artic-



56

M. Carotti, V. Galeazzi, F. Catucci, et al.

ular steroid injection and may be an additional useful
method in the evaluation of the therapeutic response.
In our previous study, to evaluate the ability of
PDUS with ultrasound contrast agent to assess the
synovial perfusion changes induced by intra-articular
steroid injection therapy, we studied eighteen RA pa-
tients with a history and signs of active knee synovi-
tis. Gray-scale US and PDS with an intravenous ul-
trasound contrast agent (Levovist) examinations were
carried out before and 3 weeks after the intra-articular
steroid injection. The calculation of the time—intensity
curves provided a quantitative estimation of the syno-
vial perfusion. The comparison between baseline and
follow-up median values of the AUC showed a statis-
tically significant reduction of blood flow in synovial
pannus after intra-articular steroid therapy. These data
confirmed the ability of PDUS with ultrasound con-
trast agent to evaluate the therapeutic response (99).
The main issues limiting the use of ultrasound
contrast media are the relatively high running costs
involved, the relatively short duration of examination,
and the need for optimally designed bubbles for near-

field investigation at higher frequencies.

Magnetic Resonance Imaging (MRI)

MRI is a multiplanar, non-ionizing and non-in-
vasive imaging technique and is considered the refer-
ence imaging modality in the assessment of soft tissue
inflammation, in form of synovitis, tenosynovitis, en-
thesitis and bursitis, as well as joint damage (in terms
of bone erosion, cartilage loss, and tendon rupture) in
chronic arthritis (100-105). It has advanced our un-
derstanding of many types of arthritis, both with re-
spect to inﬂammatory processes and articular damage.
According to the Recommendation of the Arthritis
Subcommittee of the European Society in Musculoskeletal
Radiology (106), MRI allows the:

* assessment of peripheral joints for active inflam-
mation in the form of effusion, synovitis, bone
marrow oedema, as well as the subsequent struc-
tural lesions, such as articular surface damage
and cortical bone erosions,

* assessment of active inflammatory lesions and
structural changes in the sacroiliac joints,

* assessment of inflammatory and post-inflam-
matory lesions of the vertebral joints, i.e. as-
sessment of the inflammatory activity, aseptic
spondylodiscitis, atlanto- axial/atlanto-occipital
structural lesions,

* assessment of tenosynovitis and enthesopathic
lesions,

* confirmation of clinical diagnosis based on im-
aging characteristics and/or location of lesions,

* qualitative, semi-quantitative and quantita-
tive measurements of active inflammation and
chronic joint damage.

As far as theumatic diseases are concerned, MRI
surpasses plain radiography and US with its ability to
visualise the bone marrow involvement. Also, early in-
flammatory features within soft tissues (joints, tendons
sheaths and bursae, muscles) that are not seen on plain
radiography in detail and are inaccessible to ultrasound
(e.g. of the spine, sacroiliac joints) or their assessment
in ultrasound is limited (e.g. hip and gleno- humeral
joints) are well seen in MRI. Although clinical exami-
nation has been a cornerstone in identifying and mon-
itoring disease progression in RA and PsA patients,
MRI has been shown to be more sensitive than clinical
examination for identifying synovitis (Figure 6). The
more important indications for MRI in patients with
musculoskeletal rheumatic diseases include early diag-
nosis of inflammation, confirmation of the presence of
clinically active changes and post inflammatory struc-
tural lesions, disease follow-up including monitoring
of therapy response and identification of disease com-
plications.

MRI can identify bone erosions earlier than con-
ventional radiography and allows the evaluation of
bone marrow edema/osteitis, due to the presence of an
inflammatory infiltrate within subchondral trabecular
bone, and synovitis, which may be important precur-
sors to bone erosions in RA (107) (Figure 7). Signs of
inflammation may be detected by MRI also in PsA,
and findings such as synovitis, tenosynovitis and bone
marrow oedema (BMO) document the presence of an
inflammatory process, although not specific for PsA
(108). In early PsA disease, MRI of wrists and hands
detected diaphyseal BMO and/or enthesitis in more
than 70% of PsA patients, whereas these features were
absent in a matched group of RA patients (109, 110).
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Figure 6. Rheumatoid arthritis. Ankle joint. (A) Sagittal STIR image showing tibial-talus joint cavity widening. (B) Axial T'1 fat sat
images before and (C, D) after paramagnetic contrast showing the synovial thickening characterized by intense contrast enhance-
ment, compatible with synovitis. Tenosynovitis of the posterior tibial and flexor digitorum longus tendons and (D) intense contrast
enhancement, at the level of the medial malleolus of tibia, compatible with osteitis, can also be observed

Figure 7. Juvenile idiopathic arthritis. (A) Sagittal T1 fat-sat image of ankle, before paramagnetic contrast showing moderate talo-
calcaneal joint widening due to intrarticular fluid and synovial hypertrophy . (B-C) Sagittal T'1 fat-sat images, after paramagnetic
contrast, showing synovitis in the talo-calcaneal joint . (B) Contrast enhancement in the superior part of the talar body and calcane-
ous, compatible with osteitis, can also be observed

Given these properties, MRI has been proposed as a » early diagnosis of inflammation in both soft tis-
diagnostic tool for individuals with suspected inflam- sues and bone marrow, before destructive lesions
matory athritis and has been proposed as a means to develop (cysts, erosions, cartilage damage);
improve rheumatologists’ ability to diagnose early RA * confirmation of the presence of clinically active
and predict which patients will likely develop progres- changes and post-inflammatory structural le-
sive disease and thus should receive more aggressive sions;
treatment (111). * quantitative assessment of synovitis;

Currently its use is not extended to all affected * prognostic value in early RA and PsA;
patients due to long examination times, its elevated * disease follow-up, including monitoring of ther-
cost, limited availability, need for contrast medium to apy response,

increase specificity, and contraindications in certain

patients (112). In addition, MR images are in many Diagnostic value of MRI in early diagnosis and synovial
cases non-specific and require differentiation from assessment

other pathologies manifested by the same spectrum

of changes. The main indications for MRI in patients There are two main ways in which MRI can as-
with musculoskeletal rheumatic diseases include (106): sist the clinician in this respect. First, the presence of
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subclinical synovitis can be confirmed, allowing for ex-
ample, the patient with non-specific hand and/or wrist
pain to be differentiated from the patient with true in-
flammatory synovitis. The second way by which MRI
can assist in making a diagnosis of RA is by revealing
erosions that comprise one of the seven ACR 1987 di-
agnostic criteria (113). Synovial thickening is the ear-
liest pathologic abnormality in RA and it is secondar-
ily responsible for bone and cartilage damage (114).

Studies comparing normal individuals with RA
patients have shown that while minor synovial en-
hancement may be seen in normal wrists, significant
thickening and inflammation of the synovial mem-
brane is confined to those with inflammatory arthritis
(115). Where there is a clinical diagnosis of RA, >90%
have MRI evidence of synovitis and 70~-80% have ten-
osynovitis (116). The synovial membrane, or synovium,
which can be identified macroscopically as a connec-
tive tissue that lines normal joint cavities, bursae, and
tendinous sheaths is usually too thin to be visible on
MR images. The thickening of synovial tissue caused
by the inflammatory process may be identified at MR
imaging (117) and is also characterized by increased
vascularity, which is a result of angiogenesis (118).
MRI signs of synovitis include increased synovial vol-
ume, increased water content, contrast enhancement
or a combination of them (119-121). The MRI data
suggested that the level of synovial thickness was criti-
cal in determining the amount of bone damage. In fact,
several studies have shown that synovial volume cor-
relates with synovial inflammatory activity and with
joint swelling and tenderness and is predictive of clini-
cal disease activity (122-125).

The OMERACT group defines synovitis as an
area in the synovial compartment with increased con-
trast enhancement whose thickness exceeds the width
of the normal synovium (126, 127). Synovitis has in-
termediate to low signal intensity on T1-weighted im-
ages and high signal intensity on T2-weighted images,
due to the increased water content.

The use of fat-suppressed T2-weighted MR im-
aging more clearly delineates disease extent. Synovitis
and joint fluid are usually difficult to differentiate on
unenhanced MR images; however, on T2-weighted
images synovitis has a lower signal intensity than does
joint effusion (128). The use of intravenous gadolin-

ium-based contrast material is necessary to estimate
the degree of synovial inflammation and for differen-
tiation between active synovitis and fibrotic pannus
(Figure 8). Fibrotic pannus, which is usually present
in end-stage RA, appears relatively hypovascular after
the intravenous administration of gadolinium-based
contrast material. Sugimoto et al. (129) have shown
that the “bilateral joint hyperuptake” criteria, evalu-
ated through MR after the infusion of paramagnetic
contrast (Gd- DTPA), increases the sensitivity of the
ACR criteria for RA from 77% to 96%. The combina-
tion of this with positive biologic markers such as anti-
citrullinated peptide antibodies or rheumatoid factor
(RF), with the MRI parameters (symmetric synovitis,
bone edema, erosions) has a sensitivity and a specificity
for the detection of early RA of 82.5% and 84.8% re-
spectively (130). Ostergaard et al. (131) demonstrated
that assessment of synovitis using the short tau inver-
sion recovery (STIR) or T2 fat-saturated images is less
accurate and reproducible than using T1-weighted
post-contrast images.

Contrast-enhanced T1-weighted images are con-
sidered more sensitive and specific in the assessment of
acute synovitis, which has been shown to enhance rap-
idly and intensely after the intravenous administration
of gadolinium-based contrast material, unlike joint
effusion, which does not enhance in the early phase.
The delay between contrast administration and scan-
ning is important as the volume of enhancing synovitis
increases initially before stabilizing after about 4 min.
After 6-11 min contrast reaches the synovial fluid, ob-
scuring the synovium/fluid interface.

The use of fat suppression increases the contrast
between the inflamed synovium and adjacent structures
on contrast-enhanced T1weighted images (132). Dy-
namic contrast enhanced MRI (DCE-MRI) involves
the acquisition of sequential images in rapid succession
every few seconds during and after the intravenous ad-
ministration of contrast agent. This allows the time-
course of the synovial enhancement to be analysed and
measurements made from the enhancement curve are
sensitive to various physiological parameters, includ-
ing synovial perfusion and capillary permeability.

The region of interest (ROI) of inflamed synovi-
um from which the enhancement curve is determined
may be chosen in different ways. Then it is possibile
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Figure 8. Undifferentiated arthritis in an 11year old patient, with pain and swelling at the ankle. (A) Axial T'1 fat-sat image of ankle af-
ter paramagnetic contrast and (B) sagittal T'1 fat-sat image, after paramagnetic contrast showing, at the medial and posterior regions
of the ankle, extensive area, characterized by intense contrast enhancement, compatible with synovitis. (C) Coronal STIR, (D) axial

DWI, (E) coronal DWI, (F) Whole body MRI images showing synovitis in the medial and posterior regions ok ankle

to measure several parameters from the enhancement
curve, that include the early enhancement rate, the
maximum enhancement and the late or static enhance-
ment. The early enhancement rate has been shown to
correlate with erosions (133-135), erosive progression
(136) and effects of treatment (137). There is a better
correlation with histology (125) and response to treat-
ment (138) than the static enhancement. The enhance-
ment rate correlates with other imaging measures of
synovial volume, erosion, vascularity, capillary perme-
ability and metabolic activity. The rate and magnitude
of synovial enhancement on sequential MR images
after bolus intravenous injection of gadolinium have
been shown to correlate with the histological sever-

ity of inflammation in the synovium and with clinical
markers of disease activity (139).

Van de Sande et al. (140) showed that the shape
analysis of DCE-MRI might have potential as a diag-
nostic biomarker in early arthritis patients. They ob-
served a significantly higher percentage of Type 4 TIC
shape (fast initial enhancement followed by a quick
washout phase) in the RA patient group compared
with the non-RA group. There is evidence showing
correlations between perfusion imaging and histologi-
cal synovial inflammation (125, 141). Vordenbidumen
et al. (141) compared dynamic contrast-enhanced
magnetic resonance imaging and histological synovitis

of the second MCP joints in 9 RA patients. The re-
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sults of this study demonstrated that synovitis of MCP
joints measured by maximum enhancement on dy-
namic MRI strongly correlates to histological inflam-
mation within the same joint.

These data underscore the validity of dynamic
contrast-enhanced MRI for the assessment of the de-
gree of synovitis in small joints. Relevant studies have
mostly focused on the knee, where synovial tissue can
be most readily obtained. Konig et al. (142) evaluated
inflammation in the knees in 20 RA patients using dy-
namic enhanced MRI and compared these results with
histological data obtained from biopsy of the synovial
membrane performed arthroscopically or operatively
in 12 patients. Their preliminary findings revealed hy-
perintense signal on T2 weighted images, correlating
with “remarkable” enhancement on post contrast-en-
hanced T1weighted images in three patients, and this
appearance matched hypervascular pannus in a his-
tological assessment. In contrast, hypointense lesions
on MRI correlated with histologic evidence of fibrous
pannus with a “burnt out” appearance (117).

Gaflney et al. (143), compared the intensity of
rheumatoid synovitis in the knee, measured using the
initial rate of enhancement on postcontrast MRI scans,
with a score for inflammation calculated from multiple
synovial biopsy samples taken from the suprapatellar
bursa. They found a strong correlation between the
enhancement-rate and a composite histologic inflam-
matory score quantifying polymorphonuclear cellular
infiltration, hyperemia, and fibrin deposition. Similar
results were obtained by Tamai et al. (144), who com-
pared the enhancement-ratio with a histologic score
for inflammation on synovial biopsy specimens taken
from the knee in 10 patients. In their study, enhance-
ment post-contrast was greater in regions with a high
degree of fibrin exudation, cellular infiltration, villous
hypertrophy, vascular proliferation, and infiltration by
granulation tissue but not in regions affected by fibro-
sis. A similar work was done by Dstergaard et al. (124)
on the knees of 17 RA patients and 25 with osteoar-
thritis (OA). The volume of synovial membrane was
determined using a manual outlining method to deter-
mine its boundaries on consecutive slices, and this sur-
rogate measure of synovitis was then compared with a
histologic assessment of inflammation, again from bi-
opsy specimens taken from the knee arthroscopically.

A strong correlation was found between this
MRI synovial volume score and a composite histo-
logic inflammation score. Synovial membrane volumes
were also shown to be higher in RA and PsA than OA
knees. Even though MRI will probably only rarely be
able to assign specific diagnoses alone, it can be a very
useful addition to the differential diagnostic process.
MRI may be valuable for diagnosing specific arthri-
tides, including early RA, in patients with undiffer-
entiated arthritides, but the sensitivity and specificity,
and so on, of MRI are not yet known. The few studies
that employ MR for the differential diagnosis of RA
with other rheumatic diseases, such as systemic lupus
erythematosus, Sjogrens Syndrome or PsA don't find
statistically significant differences regarding synovitis,
erosions, or tendinous alterations (145, 146). The dif-
ferent parameters evaluated by MRI are employed as
predictive markers of erosions, allowing the clinician
to select patients with a worse prognosis and establish
a rapid and aggressive therapeutic strategy. Cimmino
et al. (146) using dynamic MRI of the wrist, observed
that the rate of increase in enhancement following
contrast injection did not differ between PsA and RA
patients when they were matched for disease activity,
but in both groups it was higher than in normal con-
trol individuals. The authors concluded that dynamic
MRI cannot be used diagnostically to differentiate
PsA from RA. Others have measured PsA synovitis
on static magnetic resonance scans. Savnik et al. (147)
noted that the volume of synovial membrane was in-
creased but did not change significantly over 1 year,
contrasting with RA patients, in whom it fell in re-
sponse to therapy. Jevtic et al. (148) described MRI of
the finger joints in a group of patients with PsA, three
with Reiter’s syndrome and with RA. Although in
some PsA patients synovitis was observed to conform
to a typical rheumatoid pattern, in others there was
inflamed tissue extending far beyond the joint capsule,
involving neighbouring structures such as thickened
collateral ligaments and surrounding periarticular
soft tissue. McGonagle and colleagues (149) went on
to describe in greater detail the MRI features of en-
thesitis that may be seen in association with synovitis
in PsA, and postulated that true PsA can be distin-
guished from RA with concomitant psoriasis on these
grounds.
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Although histopathological studies have sug-
gested that inflamed synovial membrane of PsA differs
in certain subtle ways from rheumatoid synovium with
less lining layer hyperplasia, more subsynovial oedema
and a greater number of synovial vessels per square mil-
limetre, on MRI, PsA synovitis appears indistinguisha-
ble from that of RA (150). In an other study, Cimmino
et al. (151) studied 8 patients affected by acute gout
arthritis involving the wrist and MRI was performed
during the acute attack. They found a high frequency
of synovitis and bone lesions of the wrist, but they were
difficult to differentiate from those of RA.

Synovitis is also a feature of OA, and angiogen-
esis, inflammation, and innervation are important
processes in the pathophysiology contributing to the
symptoms and radiological progression of OA. The
different pathogenesis of OA and RA may reflect a
difference in the mechanisms of inflimmation and
angiogenesis, and this could possibly be expressed in
DCE-MRI. However, only a few studies have evalu-
ated synovitis in OA using MRI and these studies have
mainly estimated the volume of knee joint synovitis
(124, 152). Kirkhus et al. (153) to investigate the util-
ity of the DCE-MRI to differentiate between finger-
joint synovitis in established OA and RA, studied 19
patients (11 with RA e 8 with OA) and 6 healthy in-
dividuals without any symptoms or known disease. All
subjects underwent DCE-MRI of one hand and from
the signal intensity curves, the three parameters: en-
dothelial transfer constant, elimination rate constant
from extracellular space back to plasma and elimina-
tion rate constant from plasma by renal excretion, were
calculated. The results of this study showed that DCE-
MRI with derived pharmacokinetic parameters can
provide useful information in differentiating synovitis
in hand OA from synovitis in RA, and it is also possi-
ble that the method can be used to estimate the degree
of synovial inflammation.

MRI synovitis is a reasonable indicator of true
synovial inflammation, but changes resembling mild
synovitis or small bone erosions are occasionally found
in the MCP and wrist joints of healthy controls. Ejb-
jerg et al. (115) studied 28 healthy individuals using
contrast-enhanced MRI of the wrist and MCP joints.
Low grade of synovitis was found in 9% of the MCP
joints and in 10% of the wrist joints, but almost half

of these changes were observed in 3 subjects who had
elevated CRP levels and therefore could possibly have
had subclinical inflammation. Dynamic MRI revealed
only minimal synovial enhancement compared with
levels in RA patients that were 30-fold higher. Fur-
thermore, lesions suggesting erosions in healthy in-
dividuals are usually small, single and do not present
gadolinium uptake. The results of this study give an
insight into the specificity of MRI synovitis and in-
dicate that while low-grade enhancement can occur
in normal joints, most RA joints exhibit much greater
degrees of membrane thickening and enhancement,
which is strongly indicative of disease.

Quantitative assessment of synovitis

Quantifying total synovial volume (hypertrophy)
and the synovial volume could be a marker for dis-
ease activity (122, 154-156). Synovitis can be assessed
with quantitative or semiquantitative methods. With
quantitative methods, inflammatory activity can be
estimated by quantifying the volume of synovial tis-
sue or evaluating the increase in early synovial signal
intensity at dynamic contrast-enhanced MR imaging.
The volume of inflamed synovium can be quantified
on contrast-enhanced MR images with use of manual
or computer-assisted techniques. Visualization of the
inflamed synovium for volume measurement requires
intravenous contrast to reliably exclude other tissues.
The analysis of gadolinium-enhanced MRI can pro-
vide objective information regarding the severity of
inflammation. DCE-MRI is an alternative quantita-
tive method to measure synovitis by administering
gadolinium-based contrast agents (GBCA) intrave-
nously and collecting sequential images of the joint in
a time course (157). The enhancement curve generated
by DCE-MRI can be used to estimate physiological
parameters, such as K...., the volume transfer constant
of GBCA between blood plasma and the synovium.
This endpoint is related to capillary permeability and
vascularity in the synovium, and correlates strongly
with histological measures of inflammation (158).

DCE-MRI has previously been used to evaluate
synovial inflammatory activity in patients with RA in
the knees showing that the steepness of the dynamic
curves correlates better with histological synovial vas-
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cularity and inflammatory cell infiltrate than measures
of the corresponding post-contrast-enhancing synovial
volumes (124, 159). The steepness of the dynamic curve
in the synovium has also been shown to be very sensi-
tive to change after intra-articular steroid injections in
knee joints with arthritis (160-162) and recently the
same observation was published for BME in wrists of
RA patients starting anti-TNF-a treatment (163).

In RA the most frequently used method is the
OMERACT Rheumatoid Arthritis Magnetic Resonance
Imaging Score (RAMRIS) (126, 163), which allows as-
sessment of synovitis in three wrist regions: the distal
radioulnar joint; the radiocarpal joint; and the intercar-
pal, carpometacarpal, and metacarpophalangeal joints.
Joints are assessed on a scale from 0 to 3. A score of 0
is normal, whereas scores of 1 (mild), 2 (moderate), or
3 (severe) reflect the presumed maximum volume of
enhancing tissue in the synovial compartment (126).
In table 1 definitions, basic sequences, anatomic planes
and areas and RAMRIS System Scores as proposed by
OMERACT Task Force are reported.

Both RAMRIS and DCE-MRI are valid meas-
ures for detecting treatment effect, but they are not in-
terchangeable and may reflect somewhat different bio-
logical processes related to joint inflammation. Further,
scoring MRI at the wrist is a complex task, requiring
a detailed knowledge of the 3-dimensional anatomy of
the carpal bones and joints as well as an understand-
ing of the different sequences used, the signal char-
acteristics of the tissues being imaged, and potential

sources of error that are intrinsic to the modality itself.
The latter include phenomena such as partial volum-
ing, where signal from two sharply contrasting areas is
“averaged” in the intervening zone, homogeneity of fat
saturation, and variations in Gd-DTPA uptake, which
need to be interpreted by a trained reader. This makes
MRI scoring considerably more difficult than scoring
radiographs to assess joint damage (164).

Cyteval et al. (165) developed a simplified MR
imaging scoring method (Simplified Rheumatoid Ar-
thritis Magnetic Resonance Imaging Score [SAMIS]) for
assessing wrist and metacarpal joint damage in RA.
SAMIS assessed only one hand and was based on the
radiographic Simple Erosion Narrowing Score, thus
reducing the number of study areas from 116 to 36.
Erosions were scored with a scale from 1 to 10. Edema
and synovitis were, respectively, scored on scales from
0 to 1 and 0 to 2. The simplified score is closely cor-
related with the MR imaging score standard RAM-
RIS, requires less examination time than RAMRIS (5
minutes vs 20 minutes) and shows good or excellent
intra- and interobserver agreement (165).

The international MRI in arthritis group of
OMERACT has developed the Psoriatic Arthritis
Magnetic Resonance Image Score (PsSAMRIS) for the
evaluation of inflammatory and destructive changes
in PsA hands (166). This is the most validated assess-
ment system available and has a documented good in-
trareader and inter-reader reliability for status scores of

all parameters (167). The responsiveness of the PsAM-

Table 1. Definition, Basic Sequences, Anatomic Planes and Areas, and RAMRIS System Scores as Proposed by the OMERACT

Task Force*
DEFINITION SEQUENCE/PLANES ANATOMICAL AREAS SCORE/TOTAL
SYNOVITIS Area of the synovial compartment that shows hyperintensity before T1 before and after axial contrast 2nd to Sth distal radioulnar, . . .
aadolinium radiocarpal, intercarpal score: 0~.3 thirds of the maximum
synovial volume that uptakes
contrast. Total 0-21.
BONE EDEMA | Poorly limited trabecular bone lesion that shows T2 hipersignal with fat| 2 fat suppression T or STIR, 2nd to 5th MCPL heads, base of |Score: 0-3, 0: no bone edema;
suppression/STIR/or T'1 hypointensity coronal P1. 8 carpal bones, bases of st to |1:bone edema that occupies 1%-
5 th MCP, distal radius and ulna(1)|33% of bone. 2: bone edema that
occupies 34%-66% of bone, 3:
bone edema that occupies 67% to
100% of bone. Total 0-69
EROSIONS  [Well-limited yuxtaarticular erosion that shows loss of normal T1 (1)/axial and coronal 2nd to 5th MCPL heads, base of |Score: 0-10(% of volume that
hyposignal of cortical bone and hypersignal of trabecular bone on T1 P1, 8 carpal bones, bases of 1st to |erosion occupies on the bone, 0: no
visible on 2 planes with loss of cortical bone signal visible at least on 1 5 th MCP, distal radius and ulna(1) |erosion, 1: erosion occupying 1%-
planes 10% of bone, 2: erosion occupying
11%-20% of bone. Total 0-230

* In the case of long bones, it is measured from the joint surface to 1 cm depht; carpal bones are evaluated as a whole.
(1) The administration of contrast with gadolinium allows for the evaluation of erosion activity due to the presence of inflammatory pannus.
MCP indicates metacarpophalangeal; MCPL, metacarpal; 1P, first phalanx
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RIS was excellent for tenosynovitis (hand), synovitis
(foot), and periarticular inflammation (hand and foot)

(168).
Prognostic value of MRI

The ability of MRI to assess both detailed chang-
es in bone structure (i.e. erosions) and synovial in-
flammation combined with its multiplanar capability
is well established (169, 170). MRI can identify bone
erosions earlier than conventional radiography (171)
and can detect bone marrow edema and synovitis,
which may be important precursors to erosive disease
(172) (Figure 9). Given these properties, MRI has
been proposed as a diagnostic tool among individuals
with suspected inflammatory arthritis and as a prog-
nostic tool among those with known RA. The ability to
predict aggressive disease when a patient first presents
is an important clinical goal, because this would allow
potent and potentially toxic disease-suppressing medi-
cation to be targeted to patients who are most in need.
This predictive ability has become even more desirable
from a medico-economic viewpoint with the advent of
anti—tumor necrosis factor alpha therapies, which have
powerful antierosive effects (173).

Substantial efforts have been exerted to identify
patients with poor prognosis at the time of diagnosis.
Suter et al. (174) performed a systematic review of pub-
lished studies assessing the diagnostic and prognostic
capability of MRI findings in undifferentiated inflam-
matory arthritis and early RA, respectively. It found
that are currently inadequate to justify widespread use
of this technology for these purposes, although MRI
bone edema may be predictive of progression in cer-
tain RA populations (175, 176). Duer-Jensen et al.
(177) in a large, prospective follow-up study of pa-
tients with undifferentiated arthritis (UA), found the
OMERACT MRI summary score for bone edema in
the MTP and wrist joints to be an independent predic-
tor of future development of RA. These finding that
bone edema is the most important MRI predictor of
the subsequent disease course in UA is consistent with
the fact that several studies in patients with early RA
have shown that bone edema revealed on MRI is the
most important predictor for future progression of ero-
sions (172, 178-180). The mechanism underlying the
association between bone edema and erosion remains
to be determined, but bone edema in this context could
represent an intraosseous cellular infiltrate capable of
eroding cartilage and bone from the subchondral aspect

Figure 9. Rheumatoid arthritis. (A, B, C) Coronal STIR images showing joint effusion in the carpal joints, carpal-metacarpal joints
and the distal radio-ulnar joint. Bone edema of the carpal bones and the metacarpal bases, with multiple erosion involving the carpal
bones can be observed. An erosion of the head of the third metacarpal can be also observed. (D, E, F) Axial STIR images showing
tenosynovitis of the extensor carpi ulnaris tendon, of the extensor digitorum and indicis tendons, of the extensor pollicis brevis and
abduttor pollicis longus tendons. (F) Axial STIR images showing tenosynovitis of the flexor superficialis and profundus tendons. (G)
Coronal Gradient T1 image showing multiple erosions in the carpal bones
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of the joint. Evidence for such an infiltrate has been
described in animal models of RA, in which TINF-
responsive mesenchymal cells were identified within
enlarged bony canals connecting bone marrow to syn-
ovium (181). This is consistent with MRI evidence
indicating that bone oedema is a pre-erosive change,
increasing the risk of bone erosion more than 6-fold
after 6 yrs according to one study (182). Haavardsholm
et al. (183) and Hetland et al. (184) reproduced these
findings at 1 and 2 years, respectively. Bone edema thus
seems to be a very important predictive feature in both
RA and pre-RA and MRI scans performed at the first
presentation of RA can be used to help predict future
radiographic damage (107). As in RA, the histopatho-
logical correlate of MRI bone oedema has not been
defined in PsA, but Bollow and coworkers (185) found
some evidence of osteitis in subcortical bone in their
biopsy study of sacroiliac joints in SpA patients (in-
cluding two with PsA).

To the rheumatologist, synovitis may appear to be
the most important indicator of aggressive disease. In
fact, the MRI evidence disputes this and data from the
CIMESTRA study failed to show MRI synovitis to be
an independent predictor of erosions at all. However, a
number of groups have shown that a high score for all
MRI disease activity and damage features combined
(including synovitis, bone oedema, tenosynovitis and
erosions) is the best indicator of poor prognosis (186,
187). 'Therefore, there was marked variation among
studies regarding the MRI classification criteria used
to diagnose RA, considerable variability in methodo-
logical quality and overall, sensitivity and specificity
of MRI findings varied broadly (range 20-100% for
sensitivity and 0~100% for specificity), even for com-
parable MRI definitions of RA.

The utility of MRI to predict radiographic pro-
gression among individuals with no baseline radio-
graphic erosions or to predict clinical outcomes such as
remission remains undefined. The increased sensitivity
of MRI for erosions that arise from the direct paired-
bone comparisons is evident (188-190), but must be
tempered by the increased false-positive rate for MRI
erosions in healthy controls (115, 191). Conaghan et
al. (192) consider that the intensity of gadolinium up-
take, that is, the synovial volume reinforced after para-
magnetic contrast infusion (synovitis) and total syno-

vial volume (hypertrophy), are predictors of erosions at
the beginning of the disease.

Additionally, the quantitative measurement of the
synovial volume that is responsible for the uptake of
gadolinium in MRI of the manual measurement of the
total volume (hypertrophy) seem to be disease activity
markers and are correlated with progression of the ero-
sions (147, 193). Studies are warranted on the prog-
nostic value of MRI findings in PsA.

The utility of MIRI fo monitor response to therapy

A number of groups have investigated MRI fea-
tures as ‘imaging biomarkers’ for measuring therapeu-
tic responses (Figure 10). Changes in MRI synovitis
were first assessed at the knee by Ostergaard et al.
(194) who demonstrated a 50% reduction in synovial
membrane and effusion volumes during the week after
intra-articular steroid injection. The modern treatment
strategy involves early and aggressive treatment with
frequent clinical follow-up aiming at reaching a tar-
get of clinical remission in patients with early RA and
at least a state of low disease activity in patients with

longstanding RA (195). This treat-to-target strategy

Figure 10. Juvenile idiopathic arthritis. Sagittal T1 fat-sat images
of ankle. (A) Pre-gadolinium and (B) post-gadolinium images
showing synovitis of the talo-calcanear joint at baseline and (C,
D) after 3 months of treatment illustrating a marked reduction
of synovitis
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has been shown to slow the destructive progression
and prevent functional loss (196, 197). However, it
has been demonstrated that, despite optimal control
of clinical and laboratory findings, erosive disease pro-
gression may continue to progress for subsets of the
disease population (20-30% of patients who reach the
treatment target of clinical remission still show pro-
gressive erosive joint damage) (189, 198) These data
suggest that diagnostic imaging may complement
pharmacotherapeutic decision-making (199, 200).
Early pharmacologic treatment of RA with conven-
tional and biologic disease-modifying anti-rheumatic
drugs (DMARDs) has proven to improve clinical
(201-203) and radiological outcomes (204). Zikou et
al. (205) evaluated the volume of synovial pannus in 13
patients pre - and post-adalimumab and found this to
fall by 86% after 1 yr, correlating with other inflam-
matory markers. Haavardsholm et al. (206) showed a
combined MRI inflammation score incorporating syn-
ovitis, tenosynovitis and bone oedema to be the most
sensitive measure of response to anti-TNF agents.

MRI depicts the pathological changes in all tis-
sues involved in RA and shows greater sensitivity
in detecting inflammatory and destructive changes
than both clinical examination and x-ray (207, 208).
Haavardsholm et a.l (206) has shown that MRI meas-
ures of inflammation provide superior responsiveness
to conventional measures of disease activity in patients
with RA treated with anti-TINFa medication. This su-
perior sensitivity of MRI compared to conventional
clinical examinations and radiographs, combined with
the knowledge that MRI detected BME is a predic-
tor of subsequent radiographic progression (175, 176)
has generated the hypothesis that adding MRI to the
conventional clinical and laboratory examinations and
intensifying treatment in the presence of subclinical
MRI-BME will reduce radiographic erosive progres-
sion and improve the patient’s functional level. The use
of MRI as a treatment guide may be valuable in indi-
vidualizing the treatment, so patients assessed as being
at high risk of erosive progression can receive appro-
priately intensive treatment so disease progression can
be avoided. Further, MRI measures as a structural end
point in a clinical trial setting would impact the ef-
ficiency of the study design.

Whole-body MRI

Whole-body MRI is a novel imaging method,
which allows MRI of the whole body in one scanning
session, but at the cost of lower image resolution than
conventional MRI.

With its comprehensive examination, whole-
body MRI was first introduced in the specialities of
oncology (209) and angiology (210). However, it may
also prove useful in systemic musculoskeletal disorders,
such as SpA, in the evaluation of both axial and pe-
ripheral abnormalities, including enthesitis (211).

Whole-body and conventional MRI showed a
very good correlation for the detection of inflamma-
tory lesions in the SI joints in patients with established
and active SpA. Whole-body MRI is a fascinating
new imaging modality also for RA. Using this tech-
nique most relevant joints can be assessed for synovi-
tis, bone-marrow oedema and erosions, as well as axial
and enthesial pathology. The major drawback with the
technique has been its insuflicient resolution, notably
in peripheral joints, which are frequently affected in
these patients. So much work is necessary to improve
and evaluate this technique.

Whole body MRI is frequently used in the pedi-
atric field, both for the assessment of patients with
juvenile idiopathic arthritis, but also for other diffuse
musculoskeletal disorders. Whole-body MRI for eval-
uation of juvenile idiopathic arthritis is advantageous
in that it allows for assessment of both disease activity
and extent (Figure 8). Studies in the pediatric popula-
tion are limited, but whole-body MRI has been shown
to be superior to clinical examination in detecting ar-
thritis in the hips, sacroiliac joints and spine (212).
Consequently, whole-body MRI may play an impor-
tant role alongside clinical exam and radiography as an
objective tool for assessing active disease activity and
guiding therapy in juvenile spondyloarthropathy pa-
tients. However, a recommendation to use whole-body
instead of conventional MRI in daily routine seems
to be premature. Further studies need to address the
comparative performance for assessing inflammatory
lesions in the spine and the clinical relevance of the
additional information on inflammation in the ante-
rior chest wall and the hip and shoulder girdles. Com-
plementary to analyzing status scores, the validation
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process of whole-body MRI needs to also compare
responsiveness and reliability of change scores.

Conclusion and future application

US and MRI can be used both in clinical practice
and clinical trials, for multiple purposes, including es-
tablishing or confirming a diagnosis of inflammatory
joint disease, determining the extent of the disease,
monitoring change in inflammation and structural
damage, assessing therapeutic efficacy and potentially
prognostication.

Within the field of imaging in inflammatory ar-
thropathiess, large and exciting advances have been
made during the last decade. However to achieve these
goals, standardisation and validation of US and MRI
are required to ensure accurate diagnosis, reproduc-
ibility and reliability. The introduction of volumetric
probes (VP), with the automatic acquisition of three-
dimensional (3D) data sets, allows for sensitive, rapid,
and less operator-dependent acquisition of Doppler
images in patients with chronic inflammatory arthri-
tis. Such probes have a transducer inside, which moves
electronically when the operator presses the acquisition
button, and acquires all the echoes under the footprint
of the volumetric probe. The stored 3D datasets can
be explored using a dedicated software that generates
sectional views of the three main planes (longitudinal,
transverse and coronal, which share only one point)
and 3D reconstructions. Both B-mode and CD or PD
Doppler mode can be used in volumetric scanning. 3D
PDUS has been proven to provide a good imaging re-
production of the synovial blood flow representing a
complete vascular tree inside and on the verge of the
synovial tissue (213). Naredo et al. (214) suggest that
volumetric PDUS can be used in multicenter open-
label cohort studies on patients with RA. The added
value of this technology over conventional US could
be to minimize assessment biases and reduce acquisi-
tion variability. 3D US techniques have been tested,
particularly in RA, for their capacity to record the full
extent of inflammation within a joint and to visual-
ize the size and surface appearance of erosive lesions.
In terms of sensitivity for the detection of synovitis
and bony lesions, there is good to excellent correla-
tion between results from this method and those from

two-dimensional US (215). Therefore, 3D imaging
is predestined to generate a more precise quantifica-
tion of the vascularity and thereby affords the benefit
of detecting small changes in the acquired volume in
the monitoring of clinical and therapeutic strategies
(215). The major disadvantage of 3D ultrasonography
include the long image-acquisition time, the long size
of the 3D dataset, which depends on the area of the
probe footprint, and the static feature of the acquired
images, which leaves the interpretation of imaging
findings without the advantages provided by dynamic
examination (216).

MRI is increasingly used in RA trials and prac-
tice. The capacity of MRI to detect early changes in
soft and synovial tissue, bone and extraarticular makes
this technique a useful tool in the study of RA. Pos-
sible future applications of MRI would be to examine
the capacity of this technique to allow for the diagnosis
of different inflammatory arthropathies based on ana-
tomical localization of the structural lesions or the type
of lesion, such as enthesis in the case of SpA (217). On
the other hand, knowing the sensitivity and specificity
of MRI as a diagnostic or classification criteria at the
beginning of the disease, and lastly, the capacity of this
modality to help in the selection of patients with worse
or better prognosis or even as responders to therapy or
not. In recent years MRI have increasingly been used
as outcome measures in clinical trials of RA. Several
studies have shown that MRI measures of synovitis,
tenosynovitis, bone marrow oedema and erosions are
valid and reliable, but less is known about the respon-
siveness of these measures during an intervention with
a potent therapeutic agent(218, 219).

The technical advances in the development of
equipment of dedicated MRI, with a larger resolu-
tion for imaging and even portability, new technologi-
cal advantages such as the introduction of 3D MRI
sequences with isotropic voxels, which allows for the
multi-planar reconstruction permits significant reduc-
tion of scanning time without loss of image quality, as
well as the adequate training to interpret results, are
hopeful proposals for the application of MRI in the
diagnosis, follow-up and prognosis in patients with
inflammatory arthropathies. A simplified MRI volu-
metric data acquisition may provide gross estimates
of disease activity when the threshold is set properly.
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Nonetheless, there are still many questions and more
studies are needed to allow for some answers to these
and other questions.

Practice points

* US is a non-invasive, reproducible, non-radiat-
ing, and relatively inexpensive technique used to
detect, assess, and quantify both the inflamma-
tion of joints and structural damage caused by a
variety of rheumatic diseases.

PDUS is more sensitive than clinical examina-
tion in detecting inflammation in joints, ten-
don sheaths, tendons, entheses in patients with
chronic inflammatory arthritis and allow moni-
toring of disease activity.

The use of CEUS seems to provide significantly
higher sensitivity than PDUS in the identifica-
tion of abnormal vascularization in joint inflam-
mation, allowing a more exact measurement of
the synovitis, as well as a quantitative assessment
of inflammation by using the analysis of time-
intensity curves.

MRI is a sensitive, accurate, non-invasive tool
that allows simultaneous assessment of all the
components of diarthrodial joints and offers the
rheumatologist a chance to visualize joint in-
flammation as well as damage.

MRI is proving to be a useful tool with which
to investigate disease processes in inflammatory
arthritis such as RA and has the potential for
clinical use in determining the prognosis and

targeting aggressive therapy to patients with the
most destructive disease.
Whole-body multi-joint is MRI allows a ‘snap-

shot’ of inflammation in systemic musculoskel-

etal disorders, such as spondyloarthritis, in the
evaluation of both axial and peripheral abnor-
malities, including enthesitis.

Future research in established and new MRI
methods will increase the value of MRI to di-
agnose, monitor, and establish a prognosis in

inflammatory arthropathies.
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