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ABSTRACT

Rheumatoid arthritis is a chronic polyarthritis of unknown etiology resulting in progressive
destruction of bone and joint failure may be assessed by methods OMERACT group as RAMRIS,
resulting tool advances in MRI. Objective: This study aimed to offer a new reading of magnetic
resonance imaging in the diagnosis and monitoring of rheumatoid arthritis, describing results
obtained by various authors using the criteria of OMERACT (Measurements of Results in Clinical
Trials of Rheumatoid Arthritis) / RAMRIS (Rheumatoid Arthritis Counting System in Magnetic
Resonance Imaging), suggesting it as a method of diagnosis and monitoring of disease. Materials
and Methods: We used recent articles, publications in editorials and master's theses on the criterion
of literature to which the present review is based. Articles from more distant dates for 5 years were
also used by having indispensability for this study. Results: MRI proved to be the best method of
diagnosis and monitoring of rheumatoid arthritis and applied the criteria of OMERACT group
through RAMRIS. The RAMRIS is shown to be able to guide the best diagnostic evaluations and
proof of therapeutic efficiency in the use of disease-modifying medicines. Conclusion: The method
RAMRIS protocols can be played on most services, requiring radiologists trained on the criteria of
OMERACT group to be introduced to their routines.

Keywords: RAMRIS; rheumatoid arthritis; magnetic resonance.

1. INTRODUCTION

The constant advances of MRI (magnetic
resonance imaging) provided new methods for
early diagnosis and monitoring of RA
(rheumatoid arthritis), as well as the possibility of
proving the efficacy of disease-modifying drugs

[1].

RA is a chronic polyarthritis of unknown etiology
that results in progressive destruction of bone
tissue and joint disability and can be assessed by
OMERACT group methods [1].

Results in Clinical Trials of Rheumatoid Arthritis),
such as RAMRIS (Rheumatoid Arthritis Counting
System in Magnetic Resonance Imaging). This
method showed efficacy in longitudinal studies
and was suggested as a means of positioning
the disease in studies reported in the literature
[1,2,3].

RAMRIS is a method of the OMERACT group
that scores the damage caused by RA,
especially in smaller articular spaces such as the
carpus joints using MRI imaging [1,2].
Comparative studies have been carried out by
several authors, and the results indicate that the
RAMRIS score is still the most indicated [1,2,3],
in which it shows a great correlation with the
findings of computed tomography [4].

Synovial volumetry is also a precise and
reproducible method, but it is as time-consuming
as MRI, lasting from 1 to 2 hours, and is less
conducive to repetition than MRI, which takes up

to 20 minutes to reproduce the suggested
RAMRIS score criteria [5,6].

Therefore, the objective of this study to offer a
new reading of MRI in the diagnosis and follow-
up of RA, describing results obtained by several
authors through the criteria of the OMERACT /
RAMRIS group and suggesting it as a method of
diagnosis and follow-up for the disease.

2. THEORETICAL REFERENCE

2.1 Rheumatoid Arthritis (RA) and Its
Diagnostic Media

RA is a chronic and progressive systemic
inflammatory disease that mainly affects the
joints, especially the small joints, but can affect
several tissues [7].

The etiology of the disease remains unknown
and is believed to be related to genetic,
hormonal, environmental and immunological
factors [8].

Its pathophysiology involves a nonspecific
inflammatory response, activated by an unknown
stimulus, which subsequently, an initial response
of CD4 + T cells are induced, where it amplifies
and perpetuates inflammation. Once activated T
cells induce stimulation of polyclonal B cells and
local production of FR. With the spread of tissue
damage, other autoantigens are produced.
Finally, the function of the synovial fibroblasts is
altered so that they can acquire destructive
characteristics that do not need the stimulation of
T cells or macrophages, resulting in proliferative



and invasive synovitis (the pannus articular),
which invades the cartilage and the subchondral
bone causing erosion [9,10,11].

The clinical onset of the disease may be variable;
in general, RA has its onset with the symmetrical
involvement of small joints, pain, morning
stiffness and movement limitation for more than
one hour [1].

It is a condition that affects 0.5% to 1% of the
adult world population in all ethnic groups, but
with a predominance of females on a scale that
is about three times larger than males, fourth and
sixth decades of life, despite records in all age
groups [12,13,14,15]. The duration of symptoms,
for RA to be defined as initial, varies according to
the various authors [16,17].

Several studies report that RA evolves in four
phases, the first phase being asymptomatic, in
which genes of susceptibility and one or several
triggering factors, eventually trigger the
development of inflammation of the joint [18]. In a
third stage, it evolves into a specific form of
arthritis. In the last stage, the severity of arthritis
is established [19].

Some authors reveal in their studies that RA has
a clinical course and a variable prognosis from
patient to patient, making it difficult to predict the
severity of the disease at an early stage [20,21].
In view of the difficulty in performing a correct
prognosis, several clinical, molecular, histological
and imaging biomarkers have been identified in
the approach of the patient with RA [22].

The ideal biomarker to diagnose RA early should
meet at least 4 criteria: good sensitivity, good
specificity, early presence and prognostic
capacity [23].

Several studies aimed at monitoring the disease
by means of diagnostic methods such as
rheumatoid factor, an antibody directed against
the 1gG Fc portion, classically associated with RA
and found in the serum of about 70% of the
patients afflicted by the disease; such as anti-
protein antibodies and citrullinated peptides [19];
cyclic citrullinated anti-peptide antibodies [3,24],
and genetic evaluation [25].

Several imaging methods are used in the
evaluation of RA, including conventional
radiology, US, bone scintigraphy, computed

tomography (CT), MRI and bone densitometry
[26].
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2.2 Bone Marrow EDEMA

Although not specific and well portrayed in
traumatic, neoplastic, and  degenerative
processes, bone marrow edema is an important
finding by MR imaging in patients afflicted with
early-stage RA.

The definition of bone edema through Outcome
Measures in Rheumatoid Arthritis Clinical Trials
(OMERACT) is that of injury within the trabecular
bone, with poorly defined margins and an
increased water sign [6,8,27].

Bone edema and adjacent synovitis are related
to the severity of inflammation, with edema being
the independent  predictor of  erosion
development [28,29]. Bone marrow edema is
considered an early indicator of inflammation
since its presence is correlated to increased
levels of acute phase reactants (erythrocyte
sedimentation rate and C-reactive protein) and
scales for clinical evaluation of disease activity
[30,31].

2.3. Omeract - RAMRIS

The OMERACT group (Outcome Measures in
Rheumatoid Arthritis Clinical Trials), it is a task
force of rheumatologists, who establish clinical
evaluation criteria for RA, using the RAMRIS
method (Rheumatoid  Arthritis ~ Magnetic
Resonance Image Scoring), developed to
evaluate the inflammatory and destructive
changes in the hands and wrists of patients
afflicted by RA, and approved at the sixth
OMERACT meeting as a useful evaluation/
comparative RA standard in MRI, being
suggested by later longitudinal studies by several
authors [1,2,32,33].

2.4 Protocols Adopted in MR

In general, it is agreed among several authors
that a differentiated protocol should be adopted
for the best diagnosis of RA, and the devices to
be used need a high magnetic field (> 0.6 T),
preferably 1.5 T devices due to the use of STIR
sequences and fat saturation [1,2,34,35].

In the present study, the following protocols and
resources were used to optimize the RAMRIS
evaluation: Two 1.5-T handsets (Siemens,
Magneton, Philips, Achieva), wrist coil for wrist
evaluation and phalangeal metacarpal joints of
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Table 1. Main pattern of RM in RA

Characteristics

Specifications

Regions of joints examined

Fist, from the second to fifth unilateral phalangeal

metacarpal joint (the most painful)

Signs of MRl Damage

Type of magnetic equipment
Contrast

Sequences

Edema, synovitis, erosion and tenosynovitis

The field recommendation is 1.5 Tesla

Gadolinium

Coronal T1, axial T1, coronal T2 with fat saturation,

axial with enhanced contrast and coronal T1 with
fat saturation

Monitoring response therapy (punctuation)

OMERACT / RAMRIS*, Synovial Volume

Measurement, Dynamic Punctuation with High
Contrast

*OMERACT / RAMRIS: Measurement of Clinical Trials of Rheumatoid Arthritis / Magnetic Resonance Imaging
System of RA

both hands in a comparative study, patients
positioned in the lateral or lateral decubitus with
immobilization to reduce possible movements
[34]. The applied technique consisted of T1-w
(weighted) spin-echo, T2-w spin-echo images
with fat saturation, post-contrast (gadolinium)
and coronal T1-w spin-echo sequences with fat
saturation.

Images were obtained following the following
parameters: 3mm of cut thickness without
spacing between cuts, FoV of 130 x 130, a
matrix of 230 x 256. For images T2-wo used
repetition time was of 3500 msec, echo time of
60 msec and an echo train of 7. For T1-w
images, we used repetition time of 500 msec and
an echo time of 20 msec [34].

The contrast was Magnevist, Schering, using a
manual injection of 0.1 mmol per kilogram body.
The total time of examination was 35 minutes.

A brief guideline on the protocol adopted for the
evaluation of RA in the hand and wrist was also
described in the literature review study [1],
suggesting that: the examination should start
with coronal STIR or T2-weighted sequence with
fat saturation, gradient echo T1- w isotropic 3D
and coronal and axial T1 after contrast
administration (gadolinium).

In [20] longitudinal study RA patients afflicted
with RA in the foot and ankle, a 1.5-T Philips
device and 4-channel body coil were acquired,
simultaneously acquiring images of both feet [2].
All acquired images were satisfactory in all 29
patients with the application of the following
protocol and parameters: axial T1-w 3D GRE
(gradient echo) (2 mm of cut thickness, 1 mm of
space between cuts, TR 17 ms, TE 4.6 ms, flip

angle 25); sagittal T1-w SE (Spin Echo) [cut-off
thickness of 3.5 mm, 0.3 interspace, TR 609 ms,
TE 19 ms, NSA 3 (Number of Signal Averages)];
sagittal T2 TSE with fat saturation (3.5 mm
thickness of cut, 0.3 of space between cuts, TR
4785 ms, TE 150 ms, 4 NSA). Following
administration of 15 ml of gadodiamide contrast
(0.5 mmol / ml) the sagittal T1-w SE sequences
with fat saturation (3.5 mm shear thickness, 0.3
shear space, TR 609 MS, TE 19 ms, 3 NSA),
and axial T1 SE with fat saturation (3.0 mm of cut
thickness, 0.3 of cut space, TR 609 ms, TE 19
ms, 3 NSA). In all sequences, the FoV was 10-14
and the matrix 256 x 217.

A brief compilation of the characteristics of RM to
RA suggested by the same authors above and
corresponding to the criteria of the OMERACT
group, and RAMRIS system is depicted in
Table 1.

3. MATERIALS AND METHODS

Articles, publications in editorials and master's
dissertations were used in the bibliographical
review criterion to which the present work is
based. The collection took place in a virtual
environment, at the bases of Google academic,
Scielo, National Center for Biotechnology
Information (NCBI), Database of the National
Library of Medicine of the United States
(PubMed) and in the digital library USP.

4. RESULTS

MRI has been shown to be the best diagnostic
and monitoring method for RA, especially if
applied within the criteria of the OMERACT
group through RAMRIS, although reproduction is
still limited due to its duration and cost.
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Other diagnostic methods, despite reproducing
results similar to MRI, as demonstrated in
comparative studies in the results of computed
tomography and MRI, have not yet reproduced
values as reliable as those provided by MRI.
Such comparisons can be observed as shown in
Table 2 according to the approach of some
authors [4,5].

In addition to the advantages and disadvantages
of the imaging methods used in the evaluation of
RA patients, MR, in particular, identifies
thickening synovial tissue as a result of the
inflammatory process of rheumatoid arthritis. T1-
weighted images show low to intermediate signal
intensity, and T2-weighted high signal intensity
due to increased water content [1].

At MRI the synovitis signals include increased
synovial volume, as well as water content and
contrast enhancement (increase in signal
intensity  after  intravenous  injection  of
gadolinium-based contrast), demonstrated in Fig.
1 [36]. MRI demonstrates to be more sensitive
than clinical examination in the diagnosis of
synovitis and shows synovial inflammation in
early AR [1, 37,38].

In RA the active hypertrophic synovial membrane
eventually invades and causes erosion in

contiguous bone and cartilage. The same
authors also note that contrast-enhanced T1
weighting images are considered sensitive and
specific for the evaluation of acute synovitis. In
an examination of the second phalangeal
metacarpal joint using a minarthroscope and
MRI, it showed post-contrast enhancement in
86% of patients with synovitis [36].

According to the evaluation of some authors,
93% of a cohort group of [25] RA patients had
signs of wrist synovitis seen by MRI after 6
months of onset of symptoms. The same authors
state that synovitis enhances rapidly after the
intravenous administration of gadolinium-based
contrast agents and with great intensity, unlike
joint effusion, which does not enhance as soon
as the contrast is administered [35]. This initial
phase lasts about 5 minutes after injection.
Images obtained 10 minutes after injection do not
correctly delineate the extent of synovitis
because gadolinium can be excreted into the
joint synovial fluid. Pannus fibrotic, common in
the late stage of RA, is relatively hypovascular
after intravenous administration of gadolinium.
With T2-weighted sequences, fibrotic pannus of
intermediate to low signal intensity can be
differentiated from acute synovitis and joint fluid
[39,40,41].

Table 2. Advantages and disadvantages of the imaging methods used in the evaluation of
patients with RA [5]

Methods Benefits Disadvantages
- Two-dimensional
representation of the three-
Conventional - Low cost dimensional lesion

radiography - Easy access

- Intermediate cost

- The absence of ionizing

radiation

- Allows examination of several

Ultrasonography joints

- Exposure to ionizing radiation
- Low sensitivity for early bone
damage

- Operator-dependent exam
- Low sensitivity for changes in
deep joints (hip)

- Allows to guide diagnostic and
therapeutic interventions
- Early detection of cartilage and

bone damage.
- High sensitivity

- The absence of ionizing

radiation
Magnetic resonance
imaging

- Complementing the
examination with contrast

- High cost

- Limited availability of
equipment

- Prolonged examination time
- Limitation of one examination

- Early detection of bone and
cartilage structural damage, and
bone edema

per joint
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(A) Coronal T1-weighted MR image shows
radiocarpal synovitis with low signal
intensity (arrow) [35]

(B) Coronal T1-weighted MR imaging with
gadolinium-enhanced fat suppression
shows intense accentuation of radiocarpal
synovitis [35]

Fig.1. Synovitis in a 36-year-old man with early wrist RA (8 months duration) and normal
radiographic examination

Magnetic resonance imaging has also been
shown to be a non-invasive method with good
diagnostic sensitivity, as reported in studies
using MR images of early RA cuffs, shows that
bone edema is a predictor of erosion
development and also predicts functional
outcome six years later [42]. Bone edema is an
abnormality detected by MRI with an intense
signal in fat suppressed sequences and may
enhance after administration of contrast, as can
be visualized in Fig. 2 according to the literature
[17,35].

In  comparison with imaging techniques,
computed tomography presents approximate
values in the calculation of the total volume of
erosion caused by RA when compared to MRI,

and may be valid in longitudinal studies to
monitor the total volume of erosion [4].

MRI also detects erosions that aim to diagnose
the prognosis of RA patients, these erosions
shown in MRI in cuts followed up to six years,
predict the progression of RA [33,43].

The definitions of erosions in T1-weighted
images are shown with loss of low and normal
signal intensity of cortical bone and loss of high
and normal signal intensity from the bone
marrow cavity, enhancing after administration of
gadolinium-based contrast and high signal

intensity in T2-weighted images and STIR [44],
according to Fig. 3.

Fig. 2. Bone marrow edema in a 37-year-old man with early arthritis of the wrist. Coronal T2-
weighted MRI image shows pyramidal bone edema represented by high signal intensity
(arrow) [35]

6



Contrast impregnation in erosions represents the
inflammatory process of the synovial membrane
and distinguishes erosions from cystic lesions
filled with fluid [42].

The foramen nutricio in the carpal bones can be
confused with small erosions in certain
sequences. Similarly, interosseous insertions of
ligaments in the carpal bones may mimic
erosions [1]. In this case, attention is needed,
since small erosion-like lesions were identified in
two cut planes in about 2% of the metacarpal
bones and wrists of healthy people, with no
enhancement in these lesions after
administration of gadolinium-based contrast and
without association with bone edema [45].

Signs of tenosynovitis in MR images include fluid
in the tendon sheath, increased thickening and
contrast enhancement of the synovial membrane
of the tendon sheath [35], as shown in Fig. 4.
The same authors also note in their work that
small amounts of fluid are normally seen in the
wrist tendon cuffs of healthy people, especially in
the extensor compartments. When the diameter
of the fluid in the tendon sheath is less than the
corresponding diameter of the tendon, the fluid
can be considered normal.

Contrast impregnation in the synovial membrane
of the tendon sheath is considered a sign of
tenosynovitis.  Tenenosynovitis is  clinically
significant in early RA since joint synovitis and
tenosynovitis represent the inflammatory process
of RA. Tenenosynovitis, in patients with early RA,
exceeds joint synovitis during the onset of
inflammation [46].

Dorsal tenosynovitis of the wrist is associated
with tendon rupture, described as the invasion by
the synovial membrane of the sheath in the
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tendon and the friction thereof against eroded
bony margins [30].

Studies have shown that the OMERACT /
RAMRIS criteria in RA patients in the feet also
yielded reliable results [2]. The RAMRIS system
of the OMERACT group has been shown to be
capable of guiding better diagnostic evaluations
and demonstrating therapeutic efficacy when
using the disease-modifying drugs, although MRI
or OMERACT group have not yet demonstrated
efficacy in early diagnosis and only in the early
stages of RA.

5. DISCUSSION

Methods that try to improve the assessment of
RA in its various stages are necessary,
especially when trying to prove the efficacy of
medicines that fight the disease. An example of
this type of method is the pioneering pilot study
on Dynamic Contrast-Enhancement MRI (DCE-
MRI), which included 10 rituximab-treated
patients with rheumatoid arthritis [47]. MRI wrist
acquisitions were made from 4 to 24 weeks of
treatment and evaluated within the criteria of
RAMRIS and DCE-MRI. It was verified
throughout the study that the RAMRIS did not
present alterations, whereas DCE-MRI
suggested improvement through the treatment of
rituximab.

Diagnostic criteria such as these promote
expectations and prove therapeutic efficacy,
being important factors throughout the treatment
of patients with RA, but are still poorly
reproducible methods due to their dependence
on the operator and the need for well trained and
experienced professionals in their evaluative
criteria. Access to the necessary technology.

(A) T1 unweighted axial MRI and T1 axial
and coronal T1 MRI with fat suppression
and gadolinium accentuation [35]

(B) Erosion in pyramidal bone enhanced
after gadolinium (arrow). Synovitis is seen in
the wrist. (right) [35].

Fig. 3. Erosions in T1-weighted images
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(A) Axial T1-weighted MR (left) [35].

(B) Axial T1 MRI with fat suppression and
gadolinium enhancement shows flexor
tenosynovitis with intense stress (arrow) and
minimal extensor tenosynovitis with
moderate accentuation under the arrowhead
(right) [35].

Fig. 4. Tenosynovitis in a 53-year-old woman with early arthritis of the wrist (16 months
duration) and normal radiographic examination

In view of these limitations, the present study
considered the criteria of the OMERACT group
for RAMRIS to be easier to reproduce in routine,
which was applied and validated as effective by
several studies of the theoretical reference to
which this work was based.

Aimed as effective in longitudinal studies
described in the literature [2], the RA score
method using RM (RAMRIS) demonstrates a
current advantage over other methods of easy
access and reproduction [4]. On the other hand,
ultrasound shows dynamism in the study of
several joints and the absence of
contraindications of the method, besides the
lower cost, are advantages in relation to MRI,
being able to even diagnose joint lesions and
inflammatory activity early, but it needs an
experienced operator to do so [5].

Other studies have been able to report through
computed tomography to reach similar values in
relation to MRI through the evaluation criteria of
the RAMRIS in the study of articular space of the
wrist of 14 patients with RA and 1 healthy patient
for control. However, computerized tomography
is known to be invasive because it uses ionizing
radiation, is less sensitive than MRI, and has a
similar cost [4,48].

In relation to the protocol applied in rich detail,
this protocol is easily reproduced in most of the
services and requiring for its realization of
experienced professional and adequate

equipment [34]. Radiologists trained in the
evaluation of RA within the parameters of the
OMERACT group are required and were the
evaluators of the protocols applied in the studies
cited in this study [49,50,51].

Different regions of the body that may also be
afflicted by AR, such as the hip, are still poorly
studied within the RAMRIS criteria, a fact noted
in the paucity of studies addressing the problem,
but their diagnosis has been validated as
satisfactory through MRI as demonstrated in a
study that sought to verify the main findings of
RA by MR [49,51].

At this point, it is intended for a future study the
evaluation of regions less studied within the
RAMRIS method, such as the elbow, for
validation of the efficacy of the method in regions
other than wrists, hands and feet.

5. CONCLUSION

Based on the consulted reference it was verified
that the protocols that optimize the study of the
RAMRIS method can be reproduced in
most services, requiring radiologists trained in
the criteria of the OMERACT group to be
introduced to their routines. Because it
is a differential assessment of RA, the diagnosis
and confirmation of therapeutic efficacy may be
better observed, but it is not useful in the
early diagnosis of RA. One should think
of the same differentiated evaluation of other



regions of the body afflicted by RA, such as
elbow or hip.

MRI already produces high-quality images for the
evaluation of cartilaginous degenerations,
synovitis, erosions, requiring specific criteria to
evaluate RA to verify therapeutic efficacy in
patients responding or not to the treatment
adopted.
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