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Abstract
Objective—To compare a low field dedi-
cated extremity magnetic resonance im-
aging system (E-MRI) with x ray and
clinical examination, in the detection of
inflammation and erosive lesions in wrist
and metacarpophalangeal (MCP) joints in
newly diagnosed, untreated rheumatoid
arthritis (RA).
Patients and methods—Twenty five pa-
tients (disease duration <1 year) and
three healthy controls entered the study.
An x ray examination and MRI (before
and after intravenous injection of a con-
trast agent) of the 2nd–5th MCP joints and
the wrist was performed. The number of
erosions on x ray examination and MRI
was calculated, and synovitis in the MCP
joints and wrists was graded semiquanti-
tatively.
Results—E-MRI detected 57 bone ero-
sions, whereas only six erosions were
disclosed by x ray examination (ratio
9.5:1). Synovial hypertrophy grades were
significantly higher in RA joints with
clinical signs of joint inflammation—that
is, swelling and/or tenderness (median 3,
5th–95th centile 1–4) than without these
clinical signs (median 2, 5th–95th centile
1–3), p<0.001. 51% of the joints without

clinical signs of synovitis showed synovial
hypertrophy on E-MRI. There was a posi-
tive correlation between MRI scores of
synovitis and the number of erosions
detected by MRI in the MCP joints
(Spearman rs=0.31, p<0.01). No healthy
controls had erosions or synovitis on MRI.
Conclusion—Joint destruction starts very
early in RA and E-MRI allows detailed
evaluation of inflammatory and destruc-
tive changes in wrists and MCP joints in
patients with incipient RA.
(Ann Rheum Dis 2001;60:770–776)

Rheumatoid arthritis (RA) is a chronic inflam-
matory joint disease, characterised by frequent
and early involvement of wrists, metacarpo-
phalangeal (MCP) and proximal interphalan-
geal joints.1

The diagnosis is often diYcult, not least at an
early stage, and the disease course is diYcult to
predict in individual patients. Recent data sug-
gest that early and aggressive treatment is bet-
ter than the more conservative strategies used
previously.2–4 This implies a need for develop-
ment of methods which can better distinguish
between patient subsets at high risk of develop-
ing erosive disease and patients with a more
favourable prognosis. An x ray examination is

Figure 1 (A) Patient positioning for extremity magnetic resonance imaging. (B) Hand with extended fingers placed in the
coil. To avoid movements the hand was fixed by foam rubber pillows.
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well established in the assessment of disease
severity but does not reflect current inflamma-
tory activity. Thus joint x ray examination
depicts lesions which have arisen as a result of
past inflammatory processes, but is of limited
value in detecting early structural damage.5

Within recent years, magnetic resonance imag-
ing (MRI) has been shown to be better than
clinical and x ray examinations for the identifi-
cation of inflammatory and destructive proc-
esses in RA joints.6–8 Furthermore, preliminary
studies suggest a role for MRI as prognostic
indicator in early RA.9 10 However, most previ-
ous studies have been performed by using high
field, whole body MR units. Less expensive,
more comfortable and more convenient alter-
natives are desirable. This study reports the
results of MRI performed on rheumatoid wrist
and finger joints by a low field dedicated MRI
system specifically designed for the examina-
tion of peripheral joints and limbs.

Patients and methods
PATIENTS

Twenty five consecutive patients with rheuma-
toid arthritis of less than 12 months’ duration
were recruited from the Early Synovitis Clinic
in South Jutland, Denmark. All patients
fulfilled the ACR (American College of Rheu-
matology) 1987 revised criteria.11 Their me-
dian age was 55 years (range 20–69). The

female/male ratio was 18/7. The median
disease duration since the onset of joint symp-
toms was 122 days (range 55–360). Twenty
four patients were seropositive for IgM rheu-
matoid factor. None of the patients had
received corticosteroids or disease modifying
antirheumatic drugs before inclusion in the
study. The study was conducted in accordance
with the Declaration of Helsinki, and local eth-
ics committee approval was obtained before
starting the study (J No 19980024).

CONTROLS

Three healthy controls (one woman, two men)
without clinical evidence of arthritis were
recruited from among the hospital staV. Their
median age was 46 years (range 34–55).

CLINICAL EXAMINATION

All clinical examinations were done by the
same rheumatologist. The examinations in-
cluded assessments of joint swelling and joint
tenderness, as suggested by EULAR.12 Clinical
synovitis in a joint was considered in the pres-
ence of joint swelling or tenderness, or both.

EXTREMITY MRI

MRI of the wrist and 2nd–5th MCP joints was
performed by a 0.2 T Artoscan system
(ESAOTE Biomedica, Italy). The patients
were comfortably seated in an adjustable scan-
ning chair with the dominant hand positioned

Figure 2 Healthy control. Magnetic resonance images of wrist and metacarpophalangeal (MCP) joints. No synovitis or erosions. (A–C) Coronal
STIR-image (A) and coronal T1 weighted spin echo images before (B) and after (C) IV gadodiamide. (D, E) Transversal T1 weighted spin echo images of
the MCP joints before (D) and after (E) IV gadodiamide. No intra-articular areas with high signal intensity (bright) on STIR or after IV contrast are
seen. Thus no signs of synovitis are found.
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in the magnet in neutral rotation with the
thumb up and the fingers extended (fig 1) The
imaging protocol comprised a coronal short T1

inversion recovery (STIR) sequence, followed
by coronal and axial T1 weighted spin echo
images obtained before and after intravenous
(IV) injection of gadodiamide (Omniscan,
Nycomed Amersham), 0.1 mmol/kg body
weight, through a peripheral vein. The post-
contrast coronal and axial images were started
three minutes after the injection of gadodi-
amide. The imaging parameters for the STIR
sequence were as follows: repetition time (TR)
500 ms, echo time (TE) 18 ms, matrix size 256
× 160, field of view (FOV) 200 mm, slice thick-
ness 3 mm, and distance factor 0.1. For the T1

weighted spin echo sequences the imaging
parameters were as follows: TR 500 ms, TE 18
ms, matrix size 256 × 192, FOV 200 mm, slice
thickness 3 mm, and distance factor 0.1.
Owing to the small magnet size the true FOV of
the coronal images was 120 mm. The approxi-
mate imaging time in each patient was 45 min-
utes.

The MR images were all scored by a
rheumatologist experienced in reading MR
images of the RA joints, who was unaware of
the clinical and radiographic findings. Synovitis
in the MCP joints and wrists was graded semi-
quantitatively from 0 to 4 as described by
Klarlund et al,13 by comparing pre- and
post-contrast axial and coronal T1 weighted
spin echo images (figs 2 and 3). The scale was

defined as follows: grade 0 = no visible
enhancement; grade 1 = slight enhancement;
grade 2 = marked enhancement of small areas;
grade 3 = marked enhancement of moderate
sized areas; grade 4 = marked enhancement of
large areas. Grades 0–1 were considered as
normal and grades 2–4 as pathological. An
MRI score of MCP joint synovial membrane
hypertrophy was calculated by summing the
scores of the 2nd–5th MCP joints. On T1

weighted MR images before gadodiamide
injection, bone erosions were identified by the
focal loss of normal low signal intensity from
cortical bone and the higher signal from
trabecular bone, in combination with correct
anatomical localisation (fig 4). A marked
increase in the signal intensity of the erosion
after IV injection of gadodiamide indicates the
presence of inflamed synovial tissue in the ero-
sion.13 To be accepted the bone erosions had to
be visible on both axial and coronal sections.
The MCP joint was divided into four quad-
rants, and in the wrist the bases of the meta-
carpal and the carpal joints were assessed for
the presence or absence of bone erosions. The
1st MCP joint was not included because only
axial images were available for this joint. In
most cases it was not possible to obtain
adequate images of the radius and ulna because
the FOV of the MRI system was too small.
Therefore, the erosions in these two bones were
omitted from MRI and radiological scoring.

Figure 3 Patient with rheumatoid arthritis. Magnetic resonance images of wrist and metacarpophalangeal (MCP) joints show synovitis in the wrist joint
and tenosynovitis. (A–C) Coronal STIR image (A) and coronal T1 weighted spin echo images before (B) and after (C) IV gadodiamide. (D, E)
Transversal T1 weighted spin echo images of the wrist before (D) and after (E) IV gadodiamide. In the wrist joint, areas with high signal intensity (bright)
on STIR and after IV contrast are seen corresponding to the synovium (grade 4—that is, synovitis, straight arrows) as well as around the flexor tendons
(tenosynovitis, curved arrows). No signs of synovitis are seen in the 2nd–5th MCP joints.
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X RAY EXAMINATION

Radiographs of the wrist and hand in the
anteroposterior and Nørgaard projection were
obtained before MRI. A single coated mam-
mography film (MRF 31 Du-Med, Herning,
Denmark) was used.

A second observer, a musculoskeletal radi-
ologist who was unaware of the MRI and clini-
cal findings, evaluated all the radiographs for
the presence and number of bony erosions in
the four MCP quadrants of the MCP joints
described above—the bases of the metacarpal
joints, the carpal bones, distal radius, and ulna.

LABORATORY ANALYSES

Serum C reactive protein (CRP), erythrocyte
sedimentation rate (ESR), and IgM rheuma-
toid factor were measured by standard meth-
ods.

STATISTICAL ANALYSIS

Intervals for synovial hypertrophy grades were
expressed as medians and 5th and 95th
centiles. In analyses including more than two
groups the Kruskal-Wallis equality of popula-
tions rank test was employed. When the
Kruskal-Wallis test was significant (p<0.05),
the Mann-Whitney U test was used for
pairwise group comparison. Correlations were
assessed by Spearman’s test of rank correla-
tion. Values p<0.05 by a two tailed test were
considered to be significant.

Results
BONE EROSIONS

Extremity MRI (E-MRI) and x ray studies
were made of a total of 300 wrist bones and
400 quadrants in MCP joints, corresponding
to 200 single bones. In the wrist, E-MRI
detected 34 single bones with erosions,
whereas none were detected by x ray examina-
tion (table 1). Similarly, E-MRI of MCP joints
showed bone erosions in 23 quadrants (18
patients), while erosions were detected in only
six quadrants (four patients) by x ray examina-
tion (table 1). The resulting MRI to x ray ero-
sion detection ratio was 9.5:1. One radio-
graphic erosion was not detected by MRI. One
healthy control had a large intraosseous
subchondral cyst with a clearly defined border,
but no erosions were observed

Figure 4 Patient with rheumatoid arthritis. Magnetic resonance images and x ray picture of the wrist and metacarpophalangeal (MCP) joints show
synovitis and bone erosion in the 2nd MCP joint. (A–C) Coronal STIR image (A) and coronal T1 weighted spin echo images before (B) and after (C) IV
gadodiamide. (D, E) Transversal T1 weighted spin echo images before (D) and after (E) IV gadodiamide. In the 2nd MCP joint, areas with high signal
intensity (bright) on STIR and after IV contrast are seen corresponding to the synovium (grade 4—that is, synovitis, large white arrows) as well as in the
bone (bone erosion, small black arrow). No signs of synovitis are seen in the 3rd–5th MCP joints. Mild, grade 2 synovial membrane hypertrophy was found
in the wrist, but is not properly visualised in the presented slice. (F) Conventional x ray in the anteroposterior projection. The erosion in the 2nd metacarpal
head is not seen.

Table 1 Number of erosions detected by extremity
magnetic resonance imaging (E-MRI) and x ray
examination in wrists and metacarpophalangeal (MCP)
joint quadrants

Wrist bones

Erosions on x ray
(n=300 bones)

− +

Erosions on E-MRI (n=300 bones)
− 266 0
+ 34 34

Erosions on x ray
(n=400 quadrants)

MCP joint quadrants − +
Erosions on E-MRI (n=400 quadrants)

− 376 1
+ 18 5
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There was a positive correlation between
MRI scores of synovitis and the number of
erosions detected by MRI when MCP and
wrist joints were analysed together (Spear-
man’s rs=0.39, p<0.001). A similar positive
correlation was observed in MCP joints
(rs=0.31, p<0.01) but not in wrists alone.

SYNOVIAL MEMBRANE HYPERTROPHY

In rheumatoid MCP joints, synovial membrane
hypertrophy grades ranged from 0 to 4
(median 2, 5th–95th centile 0–3), whereas all
healthy controls were assigned grades 0 or 1
(median 0, 5th–95th centile 0–1). The sum of
grades from the 2nd to the 5th MCP joints was
significantly higher in patients than controls
(p<0.001). In RA wrists the synovial mem-
brane hypertrophy grades range was 0–4
(median 3, 5th–95th centile 1–4) and in
healthy controls grades were 0 or 1 (median 0,
5th–95th centile 0–1), p<0.01. MRI synovitis,
defined as marked post-gadodiamide signal
increase in the synovium (grades 2–4), was
found in 79 joints, while clinical synovitis (joint
swelling and/or tenderness) was diagnosed in
41 joints. Five MCP joints with clinical synovi-
tis did not show MRI synovitis. Table 2 shows
that synovial hypertrophy grades were signifi-
cantly higher in RA joints with clinical signs of
joint inflammation (median 3, 5th–95th centile
1–4) than in joints without swelling and/or ten-
derness (median 2, 5th–95th centile 1–3),
p<0.001. Fifty one per cent (43/84) of the
joints without clinical soft tissue swelling or
eVusion showed synovial hypertrophy on
E-MRI. In five joints with clinical signs of
inflammation no synovial membrane hypertro-
phy could be shown on E-MRI.

A significant positive correlation was found
between synovial membrane hypertrophy in
the wrist and CRP (Spearman rs=0.40,
p<0.05). The score of the MCP joint synovial
hypertrophy (sum of grades from the 2nd to
the 5th MCP joint) did not correlate with CRP,
ESR, or disease duration.

Discussion
There is accumulating evidence, that MRI is
more sensitive in identifying joint abnormali-
ties than clinical and conventional x ray
examination.6–9 13–17 However, most previous
MRI studies have focused on patients with long
disease duration and large joints, knee joints in
particular. In addition, they have all been
performed using high field, whole body MRI
units.

In our study a low field MRI unit dedicated
to extremity imaging was used to obtain MR
images of the hands in an untreated cohort
with early disease. Our study showed, that x ray
examination only disclosed about 10–15% of
the erosions visible on MRI. This figure
accords well with previous studies comparing
MRI with x ray findings in RA joints of diVer-
ent sizes.6–9 13 14 18 It should be emphasised,
however, that the exact accuracy of MRI
detection of erosions and synovitis has not been
verified, in this or earlier studies. The E-MRI
unit has several advantages compared with
whole body units. Firstly, costs are consider-
ably lower; secondly, patients can be positioned
more comfortably; and thirdly, claustrophobia,
a major problem in whole body units, is totally
avoided.19 20 The disadvantages of E-MRI
include smaller field of view—that is, fewer
joints can be examined in one session, the
longer imaging time implying a risk of more
patient movement and blurred imaging. How-
ever, these latter drawbacks may be partially
avoided by better immobilisation due to more
comfortable positioning. Moreover, the E-MRI
technique is limited by a lower spatial resolu-
tion and a reduced number of possible imaging
techniques compared with whole body units. In
particular, spectral fat saturation cannot be
achieved owing to the low field strength. This
technique allows improved visualisation of
bone marrow oedema, which has been pro-
posed as an early sign of bone destruction.8 15

However, the exact significance of this finding
remains to be settled, and further studies are
needed to determine whether the STIR
technique, which is possible by E-MRI, can
provide equivalent information.

Previous MRI studies of patients with estab-
lished RA have shown that the inflamed
synovial membrane can be identified from the
surrounding tissue and joint eVusions and that
synovial membrane volume and joint eVusion
can be measured in a fairly precise and
reproducible manner in knees.21 22 The present
results on synovial grading in finger and wrist
joints accord with previous studies on knee and
finger joints showing that synovial membrane
hypertrophy was significantly higher in joints
with clinical signs of inflammation (swelling
and/or tenderness) than in joints without these
findings.16 23–25 However, in this cohort of
patients with disease of recent onset, synovial
hypertrophy could be shown in a considerable
number of joints without clinical soft tissue
swelling of the joints (51%).

The relation between the synovitis grade and
later development of joint deformity has not
been settled. Most people with early RA are
characterised by normal x ray findings despite
clinical involvement of the small joints in hands
and fingers. Five of 25 patients presented with
no clinical signs of synovitis in wrists or MCP
joints and 20 had normal x ray findings. In
contrast, only one patient had no synovitis as
estimated by post-gadodiamide signal increase
in the synovium. There was a positive correla-
tion between MRI scores of synovitis and the
number of MRI erosions. These findings imply
that the disease aVects many joints at a very

Table 2 Synovitis, as assessed clinically and by magnetic
resonance imaging (MRI)

Clinical synovitis
(n=125 joints)

− +

MRI synovial hypertrophy (n=125 joints)
Grades 0–1 41 5
Grades 2–4 43 36

Synovial hypertrophy grades were significantly higher in joints
with clinical signs of synovitis (p<0.001). 51% of the joints
without clinical findings of synovitis had demonstrable synovial
hypertrophy—that is, the extremity MRI is more sensitive than
clinical investigation.
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early stage, even in the absence of clinical signs
of synovitis.

A positive correlation was found between
wrist joint synovial hypertrophy and CRP. A
similar correlation was not found for MCP
joints. This discrepancy may reflect diVerences
in synovial volumes between joints of diVerent
size, implying diVerences in release of pro-
inflammatory cytokines to the circulation.17

Recent studies have suggested that MRI is an
indicator of subsequent erosive progression.9 26–28

A one year follow up study of wrists of 42
patients with early RA by McQueen, Huang,
and coworkers indicated that baseline MRI
findings may be of prognostic value for later joint
destruction as synovitis, bone marrow oedema,
and MRI erosions were related to new MRI ero-
sions within the following year with odds ratios
of 2.1, 6.5, and 13.8, respectively.26 27 In
addition, Østergaard et al,9 found a close
correlation between area under the curve
synovial membrane volumes and the rate of ero-
sive progression on MRI and x ray examination
in a one year follow up study of wrists in 26
patients with RA (Spearman rs=0.69, p<0.001).
In contrast, Klarlund et al, found no correlation
between baseline MRI and erosive progression,
but a very low progression rate in their cohort in
combination with a relatively short follow up
period may account for this discrepancy.28

Recently, a diagnostic value of MRI has been
suggested by Sugimoto et al29, who found, that
inclusion of MRI synovitis in the classification
tree format of the ACR 1987 criteria for RA11

improved the sensitivity and specificity of these
criteria.

The relation between MRI lesions and
erosions detected by x ray examination is under
debate,30 in particular, whether MRI lesions
will progress into an erosion demonstrable on x
ray examination. Five of six radiographic
erosions in our study were visible at the same
anatomical localisation using MRI. In addition
the study has shown that even at a very early
stage of the disease aVected joints are targeted
by destructive processes at multiple sites. Con-
ceivably, these individual lesions will grow and
ultimately fuse into erosions which can be
detected by x ray examination. Longitudinal
studies are needed to clarify this issue.

Finally, it should be emphasised that the
reproducibility (inter-/intra-reader agreement)
of the MRI erosion and synovitis scores need
to be assessed. Methodological work within
this area has recently been started in an
OMERACT MRI study group.31 32

In summary, dedicated low field E-MRI
allowed detailed visualisation of inflammatory
and destructive lesions in wrists with early RA
and MCP joints. Follow up studies and
comparisons with more advanced high field
MRI units are needed, but the combination of
lower costs, more comfortable patient position-
ing, and the promising preliminary results sug-
gests a potential for the E-MRI technique in
the evaluation of RA at an early stage.
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