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Abstract
Purpose To (i) devise a new semi-quantitative scoring system known as Early Rheumatoid Arthritis Magnetic Resonance Score
(ERAMRS) to assess inflammation of the wrist on magnetic resonance imaging in early rheumatoid arthritis and to (ii) test
ERAMRS and other MR scoring systems against everyday used clinical scorings.
Materials andmethods One hundred six treatment-naïve patients (81 females, 25males,mean age 53 ± 12 years) with early rheumatoid
arthritis (ERA) underwent clinical/serological testing as well as 3-TMRI examination of themost symptomatic wrist. Clinical assessment
included Disease Activity Score-28 and Health Assessment Questionnaire; erythrocyte sedimentation rate and C-reactive protein were
measured. MR imaging data was scored in all patients using three devised MR semi-quantitative scoring systems, namely, the (a)
ERAMRS system, (b)RheumatoidArthritisMagneticResonance Imaging Score (RAMRIS) system, and the (c)McQueen Score system.
Results Synovitis was present in 106 (100%), tenosynovitis in 98 (92%), and bone marrow edema in 84 (79%) of 106 ERA
wrists. ERAMRS had the highest correlation with clinical disease activity scores (r = 0.476, p < 0.001) and serological param-
eters (r = 0.562, p < 0.001). RAMRIS system had the lowest correlation (r = 0.369, p < 0.001 for clinical disease activity; r =
0.436, p < 0.001 for serological parameters). RAMRIS synovitis subscore had a lower correlation than ERAMRS for clinical
disease activity (r = 0.410, p < 0.001) and for serological parameters (r = 0.456, p < 0.001).
Conclusion The ERAMRS system, designed to grade inflammation on wrist MRI in ERA, provided the best correlation with all
clinical scoring systems and serological parameters, indicating its improved clinical relevance over other MR scoring systems.
Key Points
•We devised a clinically relevant, easy-to-use semi-quantitative scoring system for scoring inflammation on MRI of the wrist in
patients with early rheumatoid arthritis.

• ERAMRS system showed better correlation with all clinical and serological assessment of inflammation in patients with early
rheumatoid arthritis indicating its improved clinical relevance over other MR scoring systems.
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Introduction

The term Bearly rheumatoid arthritis^ (ERA) is used when
patient symptoms are present for less than 24 months [1, 2].
Synovitis in ERAmost commonly involves the small joints of
the wrist and hand [3] and, less frequently, the tenosynovium
of the wrist [4, 5]. The main symptoms of ERA are joint pain,
stiffness, swelling, and tenderness as well as functional im-
pairment and constitutional symptoms [1, 6]. Several non-
imaging-based clinical semi-quantitative scoring systems are
used in everyday practice and research to incorporate the dif-
ferent clinical features and, in some cases, serological param-
eters (erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP)) into a single, clinically useable score that re-
flects patient disease activity.

Earlier diagnosis and treatment of ERA can slow down
or prevent disease progression [2]. Other than soft tissue
swelling and juxta-articular osteopenia, radiographs in
ERA are usually normal with no visible erosions or joint
space narrowing [7]. Ultrasound and magnetic resonance
imaging (MRI) are the main imaging modalities used to
assist diagnosis and management of ERA [7, 8]. Contrast-
enhanced MRI has become an established tool for dem-
onstrating inflammation in RA, allowing appreciation of
all the inflammatory features of ERA, namely, synovial
proliferation and enhancement, tenosynovial proliferation
and enhancement, and osteitis, which manifest as bone
marrow edema [9–13]. Even within the wrist, inflamma-
tion in RA is patchy in location and varied in type. Given
this variability, it is helpful to have a scoring system that
incorporates the different MR features of inflammation in
different wrist areas into a single score that reflects overall
disease activity. Two semi-quantitative MR-based scoring
systems are currently used with Rheumatoid Arthritis
Magnetic Resonance Imaging Score (RAMRIS) being
the most widely used. The less frequently used system is
the McQueen system. However, due to inclusion of some
less relevant MR features and non-inclusion of other more
relevant features, these two scoring systems currently
employed are not ideally suited for use in ERA. We there-
fore devised a new, more inclusive, scoring system spe-
cifically for use in ERA, known as the Early Rheumatoid
Arthritis Magnetic Resonance Imaging Score (ERAMRS).
The clinical relevance of this new ERAMRS system and
that of other MR scoring systems was gauged by seeing
how well they correlated with clinical scoring systems.

Therefore, the aim of this study was to (i) present a
new MR scoring system specifically for use in ERA, (ii)
determine the usability and reliability of this ERAMRS
system, and (iii) determine how well ERAMRS correlated
with clinical scoring systems compared with other MR
scoring systems.

Materials and methods

We analyzed the clinical, serological, and MRI data from a
cross-sectional prospective study of treatment-naïve ERA pa-
tients recruited fromOctober 2012 to January 2016. The study
protocol was approved by the local Ethics Committee with
signed informed consent being obtained from each patient.

Patients

All 106 patients (81 females, mean age 52 ± 13 years; 25
males, mean age 57 ± 9 years, p = 0.053) fulfilled the 2010
American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) classification criteria
for RA with symptom duration of less than 24 months at the
time of recruitment. In addition to clinical assessment, ESR
(mm/h) and CRP (mg/dl), both of which relate to the level of
systemic inflammation, were routinely measured in all ERA
patients [14].

Clinical scoring systems

Clinical assessment on each patient, performed by experi-
enced rheumatologists, included the Disease Activity Score-
28 (DAS28) and Health Assessment Questionnaire (HAQ).
DAS28 is a clinician-assessed scoring systemwhich takes into
account the number of tender and swollen joints, physician-
and patient-perceived disease activity (utilizing a visual ana-
logue scale), and ESR/CRP level. HAQ is a patient-assessed
perception of functional status (Table 1).

MR imaging protocol

Magnetic resonance imaging (MRI) of the most symptomatic
wrist was performed in all patients. Patients were scanned in
the prone position on a 3.0-T system (Achieva TX, Philips
Healthcare) with a dedicated wrist coil to optimize signal re-
ception. The MR protocol and scanning time for each se-
quence used are outlined in Table 2. The total scanning time
is about 25 min including contrast injection (0.5 mmol/ml
Dotarem Guerbet) at a volume of 0.01 mmol/kg using a rapid
hand-held technique.

MR imaging analysis

A new MR scoring system known as the Early Rheumatoid
Arthritis Magnetic Resonance Score (ERAMRS) was devised.
This ERAMRS incorporated features of other systems perti-
nent to ERA as well as new features. All MR datasets were
scored using both this ERAMRS system and the two previ-
ously devised MR scoring systems. All MRI scoring was un-
dertaken by a single musculoskeletal radiologist with 7 years’
experience of analyzing wrist MRI examinations. Scoring was
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undertaken on a standard viewing workstation (PACS),
blinded to otherMR scores as well as blinded to clinical scores
and serological data.

Early Rheumatoid Arthritis Magnetic Resonance Score system
(Appendix 1 in Supplementary Material)

Synovial proliferation and enhancement were assessed on
post-contrast T1-weighted axial fat–suppressed axial images.
Similar to a previously devised MR scoring system, six joint
areas were assessed in each wrist [15]. These six joint areas
were the distal radioulnar joint, radiocarpal joint, intercarpal
joint, first carpometacarpal joint, second to fifth
carpometacarpal joints, and the pisotriquetral joint. Each of
these joint areas was scored as 0, 1, 2, or 3 depending on
whether the degree of synovial proliferation present was 0,
mild, moderate, or severe. Mild, moderate, or severe synovial
proliferation was defined by the degree (lower third, mid-
third, or upper third) of the expected maximum synovial pro-
liferation for that joint area based on experience and a previ-
ously devisedMR imaging reference atlas [16, 17].Maximum
score for synovitis proliferation was 3 × 6 joints = 18.
Synovial enhancement was also scored in all six joint areas
as 1, 2, or 3 points according to whether the perceived average
enhancement for that joint area was mild, moderate, or severe
in degree relative to the expected maximum enhancement

(Figs. 1, 2, 3, and 4). Maximum enhancement was similar to
the adjacent vessels, i.e., very high signal intensity (Figs. 3
and 4). Minimal enhancement was similar to muscle (Fig. 1).
Maximum score for synovial enhancement was 3 × 6 joints =
18.

Tenosynovial proliferation of the 6 extensor tendon com-
partments and 3 flexor tendon areas was scored. These ten-
dons were the extensor tendon compartments 1 to 6, as well as
three flexor tendon areas, namely, the (i) flexor carpi radialis
tendon, (ii) flexor digitorum superficialis tendons and flexor
digitorum profundus tendons and (iii), flexor pollicis longus
tendon. The flexor carpi ulnaris tendon was not included as it
does not have a tendon sheath. Each tendonwas scored as 0, 1,
2, and 3 according to whether tenosynovial proliferation (i.e.,
tendon sheath thickening) was absent, mild, moderate, or se-
vere in degree. Tendon sheath thickening was measured from
the outer border of the tendon to the outer border of the en-
hancing tendon sheath (Figs. 1, 2, 3, and 4). Tendon sheath
thickening was assessed on images transverse and not oblique
to the long axis on the tendon and was required to be apparent
on more than one image to avoid confusion with a vessel. A
tendon sheath thickness < 1 mm was defined as mild, ≥ 1 mm
and < 2 mm as moderate, and ≥ 2 mm as severe. Maximum
score for tenosynovial proliferation was 3 × 9 tendons = 27.
Tenosynovial enhancement for each tendon group was also
scored similar to synovial enhancement as described above.

Table 1 Clinical, serological, and MRI scores in 106 ERA patients at presentation

Parameter Maximum All patients (n = 106),
mean ± SD

Range

Clinical assessment

Health Assessment Questionnaire (HAQ) 3 0.96 ± 0.73 0–3

Disease Activity Score-28 Calculator (DAS28) 9.4 2.77 ± 1.12 2.56–7.63

Serology

Erythrocyte sedimentation rate (ESR) NA 56 ± 34 4–130

C-reactive protein (CRP) NA 19 ± 23 0.6–99

MR scoring system

Early Rheumatoid Arthritis Magnetic Resonance Score (ERAMRS) 120 43 ± 22 2–89

Rheumatoid Arthritis Magnetic Resonance Image Score (RAMRIS) 299 23 ± 18 1–107

McQueen Score 124 22 ± 17 0–69

Table 2 MRI wrist protocol used. FS fat suppression, TR time to repetition, TE time to echo

TR
(ms)

TE
(ms)

Echo spacing
(ms)

Flip
angle (°)

Field of view
(mm × mm)

Slice thickness
(mm)

Imaging
time (min)

T1 axial FS 692 12 12 90 80 × 80 3 2 min 59 s

T2 coronal FS 3121 70 10 90 80 × 80 1.5 2 min 48 s

T1 coronal 547 12 12 90 80 × 80 1.5 2 min 42 s

Post-contrast T1 axial FS 692 12 12 90 80 × 80 3 2 min 59 s
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Maximum score for tenosynovial enhancement was 3 × 9 ten-
dons = 27. Bone marrow edema was defined as an area within
trabecular bone, with ill-defined margins and signal character-
istics consistent with increased water content. Bone marrow
edema was scored in 15 bone areas (distal 1 cm of radius and
ulna, all eight carpal bones and the proximal 1 cm of the five
metacarpal bones) on T2-weighted fat–suppressed coronal
images as 0, 1, and 2 depending on the perceived percentage
fraction of each bone or bone area involved by scrolling the
coronal images from volar to dorsal. A bone marrow edema
score of B0^ for none, B1^ for edema involving < 50% of the
bone area, and B2^ for edema involving > 50% of the bone
area (Fig. 5). Maximum score for bone marrow edema was
2 × 15 bones = 30. If bone marrow edema was present in con-
junction with erosions or unequivocal bone cysts, only the

bone marrow edema component was scored according to the
percentage of bone affected, ignoring the eroded or cystic
component (Table 1).

Overall maximum ERAMRS score was 120 with 18 for
synovial proliferation, 18 for synovial enhancement, 27 for
tenosynovial proliferation, 27 for tenosynovial enhancement,
and 30 for bone marrow edema. Each ERAMRS evaluation
took about 5 min to complete.

Rheumatoid Arthritis Magnetic Resonance Image Score
system [16, 17] (Appendix 2 in Supplementary Material)

Synovitis of the distal radioulnar joint, radiocarpal joint,
and intercarpal-carpometacarpal joint areas was each
scored along with bone erosions and bone marrow edema

Fig. 2 T1-weighted axial fat–
suppressed post-contrast MR
image in a 53-year-old female
with ERA showing moderate
synovial proliferation (score 2) of
the intercarpal joint with
moderate enhancement of this
synovium (score 2) (open
arrows). Mild tenosynovitis of the
flexor carpi radialis tendon (score
1) is present with moderate
enhancement (score 2) (arrow)

Fig. 1 T1-weighted axial fat–
suppressed post-contrast MR
image in a 41-year-old female
with ERA showing mild synovial
proliferation (score 1) of the
intercarpal joint with mild
enhancement of this synovium
(score 1) (open arrows). The
extensor carpi ulnaris tendon
shows moderate tenosynovitis
(score 2) with mild enhancement
(score 1) (arrow)
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from 15 bones or bone areas. Meanwhile, tenosynovitis of
9 wrist tendon compartments and joint space narrowing at
17 wrist joints were also scored. Maximum RAMRIS
score is 299 with 9 for synovitis, 45 for bone marrow
edema, 27 for tenosynovitis, 150 for bone erosion, and
68 for joint space narrowing (Table 1).

McQueen Score [15] (Appendix 2 in Supplementary Material)

Synovitis of seven wrist joint areas, tenosynovitis of nine wrist
tendon compartments, and bone marrow edema and bone ero-
sion of 15 wrist bones were scored. Maximum McQueen
Score is 124 with 14 for synovial proliferation, 14 for synovial
enhancement, 9 for tenosynovitis, 9 for tendon inflammation,

18 for tendon size, 30 for bone marrow edema, and 30 for
bone erosion (Table 1).

Inter- and intra-reader reliability of ERAMRS system

To reflect clinical and academic practice, three readers
with various levels of experience in reading MRI exam-
inations of the wrist tested reliability. The first was a
musculoskeletal radiologist with 28 years’ MRI
reporting experience (reader 1). The second was a mus-
culoskeletal radiologist with 7 years’ MRI reporting ex-
perience (reader 2), and the third was a research assis-
tant with 6 months’ experience of analyzing wrist MRI
examinations (reader 3). The third, less experienced

Fig. 4 T1-weighted axial fat–
suppressed post-contrast MR
image in a 52-year-old female
with ERA showing severe
tenosynovitis of the extensor
carpi ulnaris tendon (score 3) with
severe enhancement (score 3)
(arrows)

Fig. 3 T1-weighted axial fat–
suppressed post-contrast MR
image in a 61-year-old female with
ERA showing severe synovial
proliferation (score 3) of the
intercarpal joint with moderate
enhancement of this synovium
(score 2) (open arrow). Moderate
tenosynovitis of the flexor carpi
radialis tendon (score 2) is present
with severe enhancement (score 3)
(arrow) while mild tenosynovitis
of the flexor digitorum tendons
(score 1) is present with moderate
enhancement (score 2)
(arrowhead)
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reader, underwent one full-day equivalent of direct
teaching and testing on how to grade synovial/
tenosynovial proliferation and enhancement as well as
score bone marrow edema according to ERAMRS prior
to analyzing the MR datasets. All readers independently
scored 30 randomly selected patient image datasets
blinded to the clinical and serological data. One week
later, each reader re-scored these 30 cases again blinded
to the results of the first reading.

Statistical analysis

All analyses were performed using SPSS. All data were
expressed as mean ± standard deviation unless stated oth-
erwise. The Mann-Whitney U test was used to test the
means between two groups. Spearman’s correlation was
used to test for correlation between MRI scoring systems
and clinical or serological parameters. The following
criteria were applied to these correlations: r > 0.8 excel-
lent, 0.6–0.8 good, 0.4–0.6 moderate, 0.2–0.4 fair, < 0.2
poor. Multiple comparisons were adjusted by using
Bonferroni’s correction. Correlations of different scoring
systems with clinical or serological parameters were com-
pared using t tests, with Bonferroni’s correction. Intra-
class correlation (ICC) was used to evaluate the inter-
reader and intra-reader reliability. The Bland-Altman plots
were applied to compare between measurements. For all

tests, a probability p level of < 0.05 was regarded as sta-
tistically significant.

Results

Prevalence of synovitis, tenosynovitis, and bone
marrow edema

Synovitis was present in 106 (100%), tenosynovitis in 98
(92%), and bone marrow edema in 84 (79%) of the 106
ERA wrists at presentation. The extensor carpi ulnaris
(57%), extensor carpi radialis longus, and brevis tendons
(45%) were the most frequently affected tendons while the
abductor pollicis longus and extensor pollicis brevis (14%)
were the least affected in the 106 ERA wrists examined.
ERA patients with tenosynovitis tended to have higher
RAMRIS synovitis score (6.17 ± 2.37) than those without te-
nosynovitis (3.17 ± 2.57, p = 1.2 × 10−5).

Correlation between MR scoring systems and clinical
scoring systems/serological parameters

The correlation between MR scoring systems and clinical
scoring systems/serological parameters is shown in Table 3.
ERAMRS showed the highest correlation with all clinical
scoring systems and serology. The McQueen Score system
and RAMRIS system had mild correlation with clinical scor-
ing systems and serological parameters in ERA, lower than
that of ERAMRS. When each subscore of RAMRIS was sep-
arately analyzed, the RAMRIS synovitis score yielded the
highest correlation with clinical and serological parameters
though the correlation achieved was still lower than that of
ERAMRS (Table 3). The difference in correlation coefficient
between ERAMRS and RAMRIS was significant for all clin-
ical and serological parameters (HAQ: p = 0.013; DAS28: p =
0.015; ESR: p = 0.0002; and CRP: p = 0.002). This correlation
coefficient difference was still significant for ESR (p = 0.005)
and CRP (p = 0.023) when ERAMRS was compared with
RAMRIS synovitis subscore.

Reliability of ERAMRS

For inter- and intra-reader reliability of ERAMRS, high
single-measure inter- and intra-reader reliability of the
ERAMRS system was found (Table 4) [15, 18].

Discussion

Detection and effective treatment during the early Bwindow of
opportunity^ can ameliorate symptoms, improve quality of
life, and prevent damage accrual in patients with RA

Fig. 5 T2-weighted coronal fat–suppressed MR image in a 29-year-old
female with ERA showing bone edema of the lunate (open arrow) (score
2), capitate (open arrowhead) (score 2), triquetrum (arrow) (score 1), and
the distal radius (arrowhead) (score 1). Not all the bones scored are visible
on this image
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[19–21]. Although ERA is a systemic disease, a single wrist is
usually examined byMRI as this is a commonly affected joint
and disease activity at the wrist is reflective of systemic dis-
ease activity [15, 22, 23].

Clinical parameters are used as a good standard in ERA.
However, when considering whether patients respond to treat-
ment, not only clinical remission, but also imaging remission
should be considered as it is a more important factor with
respect to long-term development of structural damage.
Studies have shown the importance of detecting subclinical
inflammation and its prediction in further boney structural
change using ultrasound and MRI [24–27]. Given the moder-
ate correlation between MRI features of inflammation and
clinical parameters, we can appreciate that patients with the
same clinical symptoms can have a different degree of inflam-
mation on MRI.

For the clinician deciding on whether to start or adjust
treatment, the degree of inflammation present is of far greater
importance than the degree of inherent structural damage, es-
pecially in ERAwhere structural damage is limited. Contrast-
enhanced MRI is excellent in revealing all of the known in-
flammatory features of ERA. Joint space narrowing and

erosions are additional features of ERA seen on MRI, though
these are a consequence of the inflammatory process rather
than a primary marker of inflammation per se. Erosion and
joint space narrowing will not change with effective treatment
while all the other inflammatory parameters will greatly im-
prove [28]. Of the inflammatory features evident on MRI,
synovial and tenosynovial inflammation is the best predictor
of functional impairment [22, 23], bone marrow edema the
best predictor of erosive change [29, 30], and synovial perfu-
sion the most responsive to treatment change [31]. The rate of
synovial enhancement correlates with the degree of synovial
vascularity while the degree of enhancement correlates with
the severity of synovial inflammation [32].

The variety and range of inflammatory changes seen on
MRI in ERA emphasizes the need to have a workable semi-
quantitative scoring system that can incorporate all these
changes into a single score. Any MR-based scoring system
should be easy to use, reliable, and clinically relevant [33].
Clinical relevance of the MR-based scoring system can be
optimized by (a) incorporating the most clinically pertinent
imaging inflammatory biomarkers into the scoring system
and (b) ensuring that these imaging biomarkers are suitably
weighted relative to their clinical relevance. Two currently
employed semi-quantitative MRI scoring systems are not
without limitations. The widely used RAMRIS system was
not developed specifically for use in ERA. The overall
RAMRIS score places undue emphasis on scoring erosions
(maximum score 150) and joint space narrowing (maximum
score 68) with relatively little emphasis on synovitis (maxi-
mum score 9) and tenosynovitis (maximum score 27).
Subscores of RAMRIS can also be applied [17]. The
BMcQueen Score^ scores erosions as well as changes in ten-
don signal intensity and caliber which are not direct features of
active inflammation. To more fully encompass the range of

Table 3 Spearman’s correlation between fourMRI scoring systems and
clinical scoring systems and serological parameters in patients with
untreated ERA. Single asterisk means correlation is significant at 0.05
level (two-tailed); double asterisk means correlation is significant at 0.01

level (two-tailed) adjusted for Bonferroni’s correction. The results with
the highest correlations are in italic type. P value < 0.05 of correlation
difference comparing with ERAMRS, adjusted for Bonferroni’s
correction

All ERA patients
(n = 106)

Health Assessment
Questionnaire
(HAQ)

Disease Activity
Score-28 (DAS28)

Erythrocyte sedimentation
rate (ESR)

C-reactive
protein (CRP)

Early Rheumatoid Arthritis Magnetic
Resonance Score (ERAMRS)

0.404** (p < 0.001) 0.476** (p < 0.001) 0.420** (p < 0.001) 0.562** (p < 0.001)

Rheumatoid Arthritis Magnetic Resonance
Image Score (RAMRIS)

0.291* (p = 0.028) 0.369** (p = 0.001) 0.237 (p = 0.135) 0.436** (p < 0.001)

McQueen Score 0.295* (p = 0.025) 0.373** (p = 0.001) 0.245 (p = 0.110) 0.437** (p < 0.001)

RAMRIS synovitis score 0.355** (p = 0.002) 0.410** (p < 0.001) 0.279* (p = 0.038) 0.456** (p < 0.001)

RAMRIS bone marrow edema score 0.204 (p = 0.347) 0.330** (p = 0.006) 0.205 (p = 0.316) 0.371** (p = 0.001)

RAMRIS bone erosion score 0.080 (p = 1) 0.152 (p = 1) − 0.009 (p = 1) 0.208 (p = 0.292)

RAMRIS joint space narrowing score − 0.151 (p = 1) − 0.175 (p = 0.645) − 0.058 (p = 1) − 0.037 (p = 1)

RAMRIS tenosynovitis score 0.280* (p = 0.040) 0.359** (p = 0.002) 0.313* (p = 0.011) 0.395** (p < 0.001)

Table 4 Single-measure inter- and intra-reader reliability of ERAMRS
scores for readers 1, 2, and 3. CI confidence interval

Intra-class
correlation (ICC)

95% CI

ERAMRS

Intra-reader reliability for reader 1 0.946 0.883–0.974

Intra-reader reliability for reader 2 0.950 0.898–0.976

Intra-reader reliability for reader 3 0.951 0.901–0.977

Inter-reader reliability for the 3 readers 0.966 0.911–9.986
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inflammation-specific changes seen on MRI in ERA, we de-
vised a new scoring system, known as ERAMRS, specifically
designed for use in ERA.

ERAMRS incorporates all the relevant inflammatory
parameters seen on MRI suitably weighted to reflect their
perceived importance in ERA. Six different joint areas are
evaluated as joint involvement in the wrist is commonly
patchy in terms of severity in ERA. Both synovial/
tenosynovial proliferation and synovial/tenosynovial en-
hancement are more heavily weighted than bone marrow
edema as synovial inflammation is the hallmark of ERA
and the earliest imaging feature seen. A relatively heavy
weighting was intentionally afforded to tenosynovial in-
flammation to reflect the known association between
tenosynovial inflammation and functional impairment
[22, 23]. In practice, we found the ERAMRS system easy
to apply and time efficient taking all three readers only
5 min to complete. Also, the reliability was found to be
high comparing well with the reported reliability of other
scoring systems [15, 18, 23].

ERAMRS correlated better with all clinical scoring
systems and serological tests in ERA than other MR scor-
ing systems. ERAMRS also correlated better with clinical
symptoms than any of the RAMRIS subscores. Although
ERAMRS fared better than other scoring systems, the
level of correlation between clinical and MR scoring sys-
tems as well as serological tests was still only moderate to
good. This modest correlation is not surprising as clinical
scores reflect patient symptoms and general well-being
while ERAMRS purely scores inflammatory change in
the wrist.

This study has some limitations. First, we used corre-
lation with clinical scoring systems and serology as the
sole measure of clinical relevance of MR scoring systems.
Other gauges of clinical relevance such as predicting dis-
ease progression and response to treatment were not eval-
uated in this cross-sectional study. Second, this was a
single-center study. The value of any scoring can only
be fully ascertained though independent testing by other
centers. Third, as the number of male patients included in
the study was low, we did not fully explore sex differ-
ences in MR-related inflammation and clinical activity
scores. Lastly, we did not include a control group in this
study. The average age of patients in our study was 53 ±
12 years. Low levels of joint synovitis and bone marrow
edema are seen in patients without RA as a feature of
osteoarthritis [34]. Inclusion of a control group would
have allowed us to appreciate the degree of synovitis/
bone marrow edema present in patients of comparable
age and sex without ERA.

In conclusion, we developed a new system for scoring the
inflammatory change seen on MRI in ERA. This new system,
known as ERAMRS, is time efficient and reliable and

correlated better with clinical scoring systems and serological
markers of inflammation than other currently used MR scoring
systems.
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