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Summary

Modern imaging techniques are becoming increasingly im-
portant in assessing the course of arthritis and in permitting
measurement of response to treatment as part of the follow-
up of patients. They include ultrasonography (US), MRI,
PET/CT, and biofluorescence. In patients with rheumatoid
arthritis, clinical evaluation is significantly less sensitive
than either US or MRI in detecting synovitis. As a result,
imaging is a useful alternative to achieving proper assess-
ment of disease activity. The different areas in which the
new imaging techniques could help practicing rheumatolo-
gists and internal physicians include the following: early
and differential diagnosis of arthritis, evaluation of disease
activity, prognosis, assessment of treatment efficacy, as-
sessment of remission, and evaluation of subclinical dis-
ease. MRI is probably the best imaging method to study
disease activity in RA, because it can study all the joints
with similar efficacy, has been sufficiently standardised,
and yields data on inflammation that can be quantified. Dif-
ferent methods, developed to score synovitis activity, are
increasingly used in clinical trials. The main application of
PET/CT in rheumatology is the diagnosis and follow-up
of large vessel vasculitis. More recently, also RA disease
activity has been evaluated, allowing a panoramic view of
the patient. Molecular imaging studies molecular and cel-
lular processes in intact living organisms in a non-invasive
fashion. In fluorescence, dyes, that emit light upon excita-
tion by a light source and are read by a camera, can be used
to show inflamed areas where neoangiogenesis, vasodilata-
tion, and increased vessel permeability are present. These
dyes can be coupled with different compounds including
antibodies and drugs.
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Introduction

Modern imaging techniques are becoming increasingly im-
portant in assessing the course of arthritis and as part of

patient follow-up in evaluating response to treatment [1].
The more effective schedule plan administration of tradi-
tional disease modifying drugs, as well as the highly ef-
fective new drugs, have changed the outcome of rheum-
atoid arthritis (RA), not only in the individual patient but
also at the population level [2]. These therapeutic strategies
can achieve low disease levels or even remission in a high-
er percentage of patients than before. Hence the need for
precise monitoring of disease activity and assessment of
even subtle changes in the course of arthritis. Sensitivity to
change is the key feature of a quantifying method. Sever-
al studies have shown that, in patients with RA, clinical

Figure 1

Conventional radiography and MRI study of the
metacarpophalangeal joints of a patient with undifferentiated
oligoarthritis lasting from less than 6 months. A) the radiogram
shows degenerative changes (osteophytes) of the
3rd metacarpophalangeal head and small erosions (arrows) of the
proximal end of the corresponding phalanx. The erosion on the
right is only suspected because of an interrupted bony cortex; pre
(B) and post-contrast (C) coronal Turbo 3D MRI sequences
showing synovial enhancement of the painful 3rd

metacarpophalangeal joint (asterisks) and confirmation of the
suspected erosion (arrow). Inflammation is present also in the
asymptomatic and clinically normal 2nd metacarpophalangeal joint
(asterisk). Axial STIR MRI sequence (D) showing intense bone
marrow oedema of the 3rd metacarpal head (asterisk), which
appears gray in comparison with the normal bone of the other
metacarpals, which appears black. All MRI images are obtained
with an extremity-dedicated 0.2 T machine (Esaote, Genova, Italy).
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evaluation, even after careful training and standardisation,
is significantly less sensitive than either US [3] or MRI
[4]. As a result, imaging is a useful alternative to achieve
proper assessment of disease activity. The author’s view
on the relative efficiency of traditional and new imaging
techniques in evaluating arthritic joints, is shown in table 1.
The different areas in which the new imaging techniques
could help practicing rheumatologists and internal physi-
cians include the following:
– Early diagnosis of arthritis
– Differential diagnosis among arthritides
– Evaluation of disease activity
– Prognosis
– Assessment of treatment efficacy
– Guiding treatment
– Definition of remission
– Evaluation of subclinical disease

Early diagnosis of arthritis can be facilitated by showing
synovial inflammation, defined as synovial fluid effusion,
neoangiogenesis, and vasodilatation, in painful but other-
wise clinically normal or only doubtful joints [5]. This can
be achieved by both Doppler US [6] and contrast-enhanced
MRI [7] (fig. 1B, C). In addition, MRI can show an early
inflammatory bone lesion characterised by oedema (fig.
1D), which is a potent predictor of disease progression [8]
and radiographic erosions. Bone marrow oedema (BME)
is best seen on fat-suppressed or STIR sequences. US and
MRI could represent a useful adjunct to the 1987 ACR
classification criteria for RA [9] because they often identify
subtle levels of inflammation even in asymptomatic joints,
which facilitates reaching the minimum number of criteria
required for diagnosis. Despite its advantages, imaging has
been not included in the new 2010 criteria for RA [10],
probably because of erratic availability of these techniques.
Nonetheless, most tertiary referral rheumatological centres
today routinely use advanced imaging to corroborate dia-
gnosis in patients who present early.
Differential diagnosis of arthritis is not easily reached on
the basis of imaging alone. A dichotomy has been sug-
gested between entheseal and synovial forms of arthritis
according to the results of MRI and US [11]. However,
from a practical viewpoint, the positive predictive value
of these findings is low and imaging alone cannot differ-
entiate RA (the prototype synovial arthritis) from psoriat-
ic arthritis (PsA, the prototype entheseal arthritis) in most
patients [12]. What is more, the degree of synovial in-
flammation, measured by dynamic contrast enhanced MRI,
appears the same in both diseases [13]. This observation
suggests that, after correction for disease severity, PsA and
RA are equally aggressive. However, recent data acquired
with prolonged post contrast acquisition times, have shown
that the outflow of the contrast agent – and hypothetically
also of inflammatory mediators – from the joint is more
rapid in PsA than in RA [14], in agreement with the view
that prognosis could be better in the former disease. The
pattern of joint and extra-articular locations of inflamma-
tion, rather than the study of a target joint, could be more
useful to identify different diseases. In particular, scinti-
graphy has shown entheseal and joint uptake in patients
with early PsA, and could highlight sites deserving fur-

ther study with more precise imaging techniques [15]. Al-
though a baseline scan could help in the differential dia-
gnosis, scintigraphy cannot be used for the follow-up of
patients due to its poor spatial resolution and to the admin-
istration of radioactive tracers.
Disease activity can be measured by Doppler US, contrast
enhanced MRI, scintigraphy, PET-CT, and fluorescence,
but only the first two techniques have been sufficiently
standardised [16]. In the near future, scintigraphy with
tracers conjugated with cytokines, antibodies or antibody
fragments will be likely employed for evaluation of disease
activity. In RA, these types of conjugates could be used to
evaluate cytokine receptor expression and their anatomical
location [17].
Prognosis of arthritis is predicted by the presence of BME
and, to a lesser degree, by the intensity of synovial in-
flammation [18]. In undifferentiated arthritis, the observa-
tion of persistent Doppler signal predicts recurrences after
treatment-induced remission [19]. In the same setting, MRI
BME predicts the evolution toward RA with a precision of
82% [20]. MRI changes were more predictive of the evol-
ution from undifferentiated arthritis to RA than anti-CCP
antibodies in one study [21], but not in another one [7].
However, both features are additive; it can be suggested
that finding a patient with early arthritis and various risk
factors of erosive progression (i.e., female gender, shared
epitope, positive anti-CCP antibodies and rheumatoid
factor, MRI changes) allows a diagnosis of RA or at least
of progressive arthritis and indicate the need of aggressive
treatment.
Treatment changes could be theoretically evaluated by ad-
vanced imaging, but no formal evaluation of this aspect
has been published to date. Imaging should be an appropri-
ate tool for guiding treatment decisions because it is more
sensitive than clinical evaluation in assessing disease activ-
ity. Finding a decrease or even an absence of synovitis
could indicate the need to taper or interrupt treatment,
whereas persistence of inflammation by imaging could in-
dicate the need for prompt therapy increase. Experience re-
garding the prospective use of this approach, however, is
lacking.
Remission is the goal of RA treatment, but is achieved
only rarely. This is true for clinical remission [22] and even
more for imaging remission, which is reached only in a
minority of patients with clinical remission. At present, it
is still not known which should be the definition of ima-
ging remission, the absence of any sign of disease, i.e.,
no power Doppler signal or absence of contrast enhance-
ment, or a decrease of inflammation below a given cut-
off. In healthy individuals, imaging of the normal synovi-
al membrane is only virtual. Therefore the first hypothesis,
no imaging at all of inflammation, should be theoretically
accepted. However, several papers highlight the difficulty
of finding normal imaging in patients in clinical remission
[23], supporting the view that a low level inflammation
could be acceptable to define the “cured” synovium, but
again, this level has not been established yet.
Sensitive imaging techniques can appreciate subclinical
joint involvement. This point has been demonstrated in
psoriasis by both US [24] and MRI [25]. Patients with mere
cutaneous disease and no history of joint involvement can
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show typical imaging signs of arthritis or enthesitis. In ad-
dition, patients with overt arthritis have more joints in-
volved by imaging than by clinical examination.
In the following paragraphs, an appraisal of three modern
imaging techniques that are routinely used (MRI) or could
be used (PET-CT, fluorescence) for evaluating patients
with RA will be discussed more in detail. We will not fur-
ther review the role of US, which is presently the most
widespread and easily performed among the advanced ima-
ging techniques because it is a particularly familiar tech-
nique, which has been recently and often reviewed [26].

MRI

MRI is in our opinion the best imaging method to study dis-
ease activity in RA. In contrast with US, it can study all the
joints with similar efficacy, has been sufficiently standard-
ised, and yields data on inflammation that can be quanti-
fied. Relative disadvantages are its high costs, administra-
tion of an intravenous contrast agent, and the long duration
of the diagnostic procedure. In addition, MRI examinations
on high-field, total body machines are not always well ac-
cepted by rheumatic patients especially if they need to be
repeated over time. Conversely, extremity-dedicated ma-
chines are more patient-friendly and cheap, and can be eas-
ily used for follow-up of treatment. The study of a RA pa-
tient by MRI is limited to a single or few joints, whereas
US can be performed on multiple joints in a single session.
Recently, whole body MRI has been studied especially in
ankylosing spondylitis patients showing an excellent capa-
city to show simultaneously inflammatory changes of the
axial and peripheral skeleton [27]. In RA, the reference
areas are the hand and wrist, with the majority of studies
having been based on the evaluation of these joints [28].
The hand and wrist are of particular interest because they
are affected early during the course of the disease, are in-
volved in almost all patients with RA, and because they
are a good indicator of the inflammatory state of RA as a
whole [29]. OMERACT has developed a score to evaluate
RA [30]: this Rheumatoid Arthritis MRI Score (RAMRIS)
includes assessment of synovitis, BME, and erosions [31].
Synovitis is defined as an area of the synovial compartment
that shows enhancement thicker than the width of the nor-
mal synovium after contrast agent infusion. It is assessed
in three wrist regions (distal radioulnar joint, radiocarpal
joint, and intercarpal and carpometacarpal joints) and in
each metacarpophalangeal joint. BME is a lesion within the
trabecular bone, with ill-defined margins and a signal typ-
ical of increased water content. The scale is from 0 to 3,
based on the proportion of involved bone. Bone erosions
are defined as bone defects with sharp margins visible on

T1-weighted images in 2 planes, with a cortical break seen
in at least one plane. A score is given which ranges from
0 to 10 according to the percentage of the bone volume,
which is occupied by the erosion (i.e., 10%, 20% etc.).
More recently, a sub-score for evaluation of tenosynovitis
has been added [32]. The resulting total score offers a com-
prehensive evaluation of the global burden of RA, includ-
ing disease activity and extent of damage. The main draw-
back of RAMRIS is that it is a time-consuming procedure,
the reproducibility of which is low if the investigator is
not well trained. To overcome these problems, quantifica-
tion of synovial membrane enhancement has been obtained
through the study of curves generated after contrast agent
injection and acquisition of fast, consecutive sequences
[29, 33]. This method is known as dynamic, contrast-en-
hanced MRI (DCE-MRI). Automated analysis of the res-
ulting curves has been developed to further increase the
rapidity and objectivity of the examination [34, 35]. This
method needs only minor interaction with the investigator
and has been easily standardised [36]. For all these reas-
ons, DCE-MRI is an excellent candidate for the follow-up
of treatment in RA patients, a field in which it has shown
more sensitivity than RAMRIS [37]. MRI shows an in-
creased sensitivity also in the detection of erosions when
compared with traditional radiology [38]. Radiographic ar-
ticular erosions have been always considered a hallmark
of rheumatoid arthritis. Synovitis and BME, revealed by
the new imaging techniques, although less specific than
erosions, appear much earlier in the course of the disease
and allow timely diagnosis. However, the appearance of
synovitis and BME is the same in a wide spectrum of
joint diseases, which fact emphasises the obvious need to
correlate imaging findings with the patient’s clinical fea-
tures. In particular, BME can be considered an unspecif-
ic response of bone to different insults and is seen also in
trauma, osteoarthritis [39], infection, gouty tophi, Südeck’s
syndrome, beyond arthritis. Erosions tend also to be iden-
tified earlier by MRI, thanks to its multiplanar imaging ca-
pacity [38]. The increased sensitivity of MRI for the iden-
tification of erosive bone damage also allows it to be used
to follow their progress, including healing, a feature that
was only rarely appreciated on radiographs in the past [40].
On the other hand, caution should be implemented not to
over-diagnose erosions. Sometimes bone cysts on MRI can
be mistaken for erosions [41]. In addition, with this sens-
itive method, a few erosions can be seen also in normal
controls [42]. In clinical trials, evaluation of MRI results
could decrease the number of patients involved and the dur-
ation of the study because of the increased sensitivity of the
method in comparison with both clinical examination and
conventional radiography [43]. As a result, novel drugs for

Table 1: Imaging techniques and their relative efficacy in the evaluation of inflammatory joint diseases.

Method Disease activity Damage Practicability Follow-up Panoramic view
radiography – ++ +++ +++ +

CT – +++ + + +

scintigraphy + – + +++

US ++ + ++ ++ –

MRI +++ ++ + ++ ++

PET-CT ++ + – – +++

fluorescence ++ – – – +
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rheumatoid and psoriatic arthritis have been evaluated with
MRI after only three [44] or six [45] months from treatment
start.

PET/CT

A positron emission tomography (PET) scan is an imaging
test that uses a radioactive tracer to evaluate physiological
and pathological processes [46]. Tracers are obtained by la-
belling compounds with short-lived positron-emitting radi-
onuclides to measure cell metabolism. The most frequently
used tracer is [18F] fluorodeoxyglucose (18F-FDG or
FDG), a glucose analogue, which reflects glucose uptake
by cells and thus their metabolism. FDG uptake is greater
in cells with increased metabolism and its localisation al-
lows the diagnosis of inflammation and neoplastic prolif-
eration. PET is a functional imaging technique, not a mor-
phological technique. However, in the last thirteen years
integrated PET/CT machines have been introduced, allow-
ing simultaneous acquisition of CT and PET without mov-
ing the patients from the examination table. PET and CT
images are spatially co-registered, giving the opportunity to
fuse functional and morphological information.
Although the main applications of PET and PET/CT are
in the fields of oncology, neurology, psychiatry, and car-

Figure 2

Two sequential PET/CT fused images of the knee in a patient with
rheumatoid arthritis showing diffuse F18-FDG uptake in the medial
and lateral paracondylar recesses (asterisks).

Figure 3

The coronal (A) and axial (B) PET/CT fused images of the wrist in a
patient with rheumatoid arthritis demonstrate a focal area of
F18-FDG uptake in the carpal tunnel, suggestive of flexor tendons
tenosynovitis (asterisk). Tracer uptake is also observed in the
metacarpophalangeal joints (C, arrows).

diology [47], novel data suggest a possible role of these
techniques in rheumatology [4]. The main application is the
diagnosis and follow-up of large vessel vasculitis [49, 50].
More recently RA patients have also been studied with this
technique and their disease activity has been evaluated by
calculating the standard uptake value (SUV) in the affected
joints [51]. This method has allowed the measurement of
a total score that includes all the joints involved by RA in
a panoramic view of the patient. It has shown a good cor-
relation with clinical evaluation and has also revealed in-
volvement of the atlanto-axial joint in a few asymptomatic
patients [52]. In another study, the results of PET ima-
ging of the rheumatoid knee were in agreement with those
obtained by more traditional imaging techniques, such as
DCE-MRI and US [53]. In particular, PET uptake was sig-
nificantly correlated with all MRI enhancement parameters
as well as with synovial membrane thickness measured by
US. PET uptake correlated with CRP and serum concentra-
tions of metalloproteinase-3. After treatment with a single
infusion of infliximab, an anti-TNFα biological agent, total
SUV, MRI and laboratory findings significantly decreased
[54]. Other anecdotal observations have confirmed the po-
tential role of PET in the evaluation of treatment efficacy
in RA patients by studying the wrist after etanercept ad-
ministration [55]. One of the limitations of this method is
that spatial resolution is low and imaging often suboptim-
al for small joints. Nevertheless, studies on hand and foot
joints have been performed in RA with satisfying results
[56]. Figures 2 and 3 show the results of PET/CT exam-
ination of the knee and hand, respectively, in patients with
RA. In addition, PET/CT could be used for differential dia-
gnosis between RA and seronegative spondyloarthritides
(SpA) [57] especially by demonstrating a different anatom-
ical pattern of uptake between these diseases. Evaluation
of images of PET/CT scans of the shoulder, hip and knee
joints have shown that FDG accumulated at the entheses
in SpA and in the synovium in RA patients. In general,
the main advantage of PET/CT examination in arthritis is
the possibility of calculating a global score of the amount
of inflammation present in the joints. A clear drawback is
that, due to the high amount of ionising radiation, it can-
not be used in repeated follow-up examinations. To reduce
radiation exposuree, PET/CT could be used to obtain func-
tional and morphological information at baseline, and PET
alone could be repeated over time.

Fluorescence

Molecular imaging is a rapidly growing field in biomedi-
cine, aiming at studying molecular and cellular processes
in intact living organisms in a non-invasive fashion [48].
Fluorescence or bio-fluorescence is a newly applied tech-
nique in rheumatology that can quantify the amount of in-
flammation. In fluorescence imaging, light emitted by a
fluorochrome upon excitation by a light source is detected
by sensitive cameras, whereas in bioluminescence imaging
no excitation light is necessary because it is based on the
expression of luciferase by transfected cells, which cata-
lyses the oxidation of luciferin and results in the release
of photons. In an experimental model, rats with collagen-
induced arthritis were injected with different anti-TNFα
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agents conjugated with alexa680, a dye [58]. The accu-
mulation of this complex in inflamed areas, where TNFα
is abundant, was monitored by a biofluorescence reader.
The advantage of the technique is mainly that harmless
dyes, usually employed in cancer diagnosis, can be easily
conjugated with other compounds. In addition, the tech-
nique is cheap. Its main disadvantage is that only superfi-
cial joints can be assessed because of the low depth pen-
etration due to light scattering and tissue absorption. This
approach has not been used to date in humans. Conversely,
another method based on the intravenous injection of indo-
cyanine green as fluorophor and its evaluation by a fluor-
escence reader has been used to study the hands and wrists
of patients with rheumatoid arthritis. Preliminary studies
comparing this novel technique with the more standardised
US have confirmed its possible role in the evaluation of
inflammatory activity in the joints [59]. According to one
study, fluorescence might be more sensitive than both clin-
ical examination and power Doppler US [59].
In conclusion, modern imaging can show joint damage and
inflammation simultaneously in arthritis. In the near future,
it will possibly allow better identification, quantifying and
localisation of key processes of arthritis. MRI has reached
a good level of standardisation and is used in most on-go-
ing pharmacological trials, because of its high sensitivity.
PET-CT is a promising technique for research and clinical
applications, and could gain more widespread use after the
introduction of new conjugates with drugs and antibodies.
Early diagnosis and monitoring of treatment efficacy are its
main areas of employment.
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Figures (large format)

Figure 1

Conventional radiography and MRI study of the metacarpophalangeal joints of a patient with undifferentiated oligoarthritis lasting from less than
6 months. A) the radiogram shows degenerative changes (osteophytes) of the 3rd metacarpophalangeal head and small erosions (arrows) of the
proximal end of the corresponding phalanx. The erosion on the right is only suspected because of an interrupted bony cortex; pre (B) and post-
contrast (C) coronal Turbo 3D MRI sequences showing synovial enhancement of the painful 3rd metacarpophalangeal joint (asterisks) and
confirmation of the suspected erosion (arrow). Inflammation is present also in the asymptomatic and clinically normal 2nd metacarpophalangeal
joint (asterisk). Axial STIR MRI sequence (D) showing intense bone marrow oedema of the 3rd metacarpal head (asterisk), which appears gray
in comparison with the normal bone of the other metacarpals, which appears black. All MRI images are obtained with an extremity-dedicated 0.2
T machine (Esaote, Genova, Italy).

Figure 2

Two sequential PET/CT fused images of the knee in a patient with rheumatoid arthritis showing diffuse F18-FDG uptake in the medial and
lateral paracondylar recesses (asterisks).
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Figure 3

The coronal (A) and axial (B) PET/CT fused images of the wrist in a patient with rheumatoid arthritis demonstrate a focal area of F18-FDG
uptake in the carpal tunnel, suggestive of flexor tendons tenosynovitis (asterisk). Tracer uptake is also observed in the metacarpophalangeal
joints (C, arrows).
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