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Abstract
Objective To intra-individually assess the association of in-
flammation severity and cartilage composition measured by
RAMRIS synovitis sub-score and delayed gadolinium-
enhanced magnetic resonance imaging of the cartilage
(dGEMRIC) of metacarpophalangeal (MCP) joints in patients
with rheumatoid arthritis (RA).
Methods Forty-three patients with RA according to ACR/
EULAR classification criteria (age 52.9±14.5 years, range,
18–77 years) were included in this study. All study partici-
pants received 3-T MRI scans of the metacarpophalangeal
joints of the second and third finger (MCP 2 and 3). The
severity of synovitis was scored according to the RAMRIS
synovitis sub-score by two readers in consensus. In the cases
with identical synovitis sub-scores, two radiologists decided
in consensus on the joint with more severe synovitis. Cartilage
composition was assessed with dGEMRIC. To test the asso-
ciation of inflammation severity and cartilage damage and in
order to eliminate inter-patient confounders, each patient’s
MCP 2 and 3 were dichotomized into the joint with more
severe synovitis versus the joint with less severe synovitis for
a paired Wilcoxon test of dGEMRIC value.
Results There was a significant difference of dGEMRIC value
(median of difference: 47.12, CI [16.6; 62.76]) between the
dichotomized MCPs (p = 0.0001). There was a significant
correlation between dGEMRIC value and RAMRIS synovitis

grading of the joint with more severe synovitis (r = 0.5; p < 0.05)
and the joint with less severe synovitis (r = 0.33; p < 0.05).
Conclusions Our data concur with the concept that synovitis
severity is associated with cartilage damage. The local inflam-
matory status on a joint level correlated significantly with the
extent of cartilage degradation in biochemical MRI.
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Introduction

Biochemical MRI of cartilage is a validated tool for assessing
cartilage degradation in clinical trials of RA and osteoarthritis
[1–3]. Delayed gadolinium-enhanced MRI of the cartilage
(dGEMRIC) is a magnetic resonance imaging (MRI) feature
to visualize proteoglycan loss in cartilage composition [4–6].
It has been demonstrated that cartilage changes measured by
dGEMRIC correlate with histological analysis [7]. Based on
improvements in MRI techniques, it is possible to assess
cartilage composition of small joints that are frequently af-
fected in RA [4]. A loss of proteoglycans has been demon-
strated in early RA and seems to precede morphological
changes in cartilage of small finger joints [2].

Uncontrolled RA is characterized by progressive joint de-
struction and long-term functional disability [8]. Inflammation
of the synovial membrane is associated with destruction of
bone and cartilage [9]. The degree of inflammation highly
correlates with functional impairment and the development of
joint destruction over time leads to disability [10–12].

The therapy with disease-modifying antirheumatic drugs
(DMARD) and biologicals aims at disease control and can
halt the progression of joint destruction [13, 14].

This has put monitoring of joint damage in the focus of
radiologic attention in the follow-up of RA. In 2003, the
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OutcomeMeasures in RA Clinical Trials (OMERACT) group
with the RA MRI Score (RAMRIS) established a highly
reliable sum-score based on the semi-quantitative rating of
the severity of synovitis, bone marrow edema and erosions in
hand and wrist joints [15]. The RAMRIS scoring system has
been applied in therapy-response trials in RA [16, 17]. How-
ever, the system does not consider cartilage destruction in RA.
In 33 patients with RA, Herz et al. investigated the relation
between inflammation of synovia and cartilage degradation
measured with biochemical MRI in an inter-individual study
design. Synovitis was determined with the RAMRIS synovitis
sub-score and cartilage degradation was assessed with
dGEMRIC. They found a correlation between high synovitis
sub-score and low dGEMRIC values, suggestive of cartilage
damage [1].

Our hypothesis was that cartilage damage measured by
dGEMRIC ofMCP joints in patients with rheumatoid arthritis
(RA) is associated with the severity of joint inflammation on a
patient level.

Materials and methods

Patients

This study was approved by the institutional review board,
and informed consent was obtained from all patients. Forty-
three patients with rheumatoid arthritis, including (35 female;
eight male, age 52.9±14.5 years, range, 18–77 years, disease
duration 2.9±4.9 years, range, <0.5–19 years, DAS28 3.7±
1.5) were enrolled in this retrospective study. All patients
fulfilled the 2010 American College of Rheumatology/
European League Against Rheumatism Rheumatoid arthritis
classification criteria [18, 19]. All 43 patients received 3-T
MRI (Magnetom Trio; Siemens Healthcare) scans of the clin-
ically dominant hand.

MR imaging

MRI was performed of the dominantly affected hand on a 3-T
MRI system (Magnetom Trio; Siemens Healthcare) to assess
synovitis T1-weighted images pre–and post-contrast were
performed of the MCP joints with a maximum slice thickness
of 3 mm in at least two coronal planes and a transversal fat-
suppressed T1-weighted sequence [field of view (FOV) 13×
18 cm, matrix size 256×182 pixels]. Gadolinium-MRI con-
trast agent was applied intravenously (0.4 ml/kg body weight
of Gd-DTPA2-, Magnevist; Schering).

Biochemical MRI with dGEMRIC of theMCP joints of the
index and middle fingers was performed with two 4-cm loop
surface coils placed above and beneath the MCP joint. The
size of the coils and the FOV limited the examination to two
adjacent joints: MCP 2 and 3. Subjects were imaged in a prone

position with the hand extended over the head. dGEMRIC
was acquired 40 min after contrast agent administration.

Variable flip-angle three-dimensional gradient-echo imag-
ing (with two flip angles) was used for T1 calculation [4]. Flip
angles were set to 5° and 26°. Twenty-two sagittal slices with
a thickness of 2 mmwere positioned perpendicular to the joint
spaces. The FOV was 73×90 mm. The matrix of 312×384
provided an in-plane resolution of 233 μm. Total acquisition
time was 2.25 min.

To reduce movement artefacts, motion correction was per-
formed on each patient’s MCP joint before image analysis.
For motion correction we used the software STROKETOOL
(http://www.digitalimagesolutions.de, Frechen, Germany) as
described elsewhere in detail [20].

Image analysis

Standard MR images were read in consensus by two radiolo-
gists. Images were evaluated for synovitis (range, 0–3) ac-
cording to the Outcome Measures in RA Clinical Trials
(OMERACT) group RAMRIS guidelines established in
2003 [15]. Synovitis scoring was performed of second and
third MCP. In 20 cases of identical RAMRIS synovitis sub-
scores in MCP 2 and 3, a subjective gradation into the joint
with more severe synovitis and the joint with less severe
synovitis was undertaken by two radiologists in consensus
with 2 and 8 years of experience in musculoskeletal radiology
(Fig. 1). The two radiologists were blinded to the dGEMRIC
values. Based on this data, the RAMRIS synovitis sub-score
of second and third MCP, each patient’s pair of MCP2 and
MCP3 was dichotomized into the joint with more severe
synovitis vs. the joint with less severe synovitis (Fig. 2). The
synovitis sub-score grading in a joint with more vs. a joint
with less severe synovitis refers to dichotomization. The
intraindividual analyses were chosen to eliminate interindivid-
ual cofactors, such as the different inflammatory status on a
joint level between different patients.

Fig. 1 Transversal fat-suppressed T1-weighted sequence [field of view
(FOV) 13 × 18 cm, matrix size 256 × 182 pixels] of a patient with RA
showed identical RAMRIS synovitis sub-scores of MCP 2 and 3 (white
arrows). In this condition, two radiologists decided in consensus on the
joint with more severe synovitis and the joint with less severe synovitis. In
this patient, MCP 3 was defined as the joint with more severe synovitis.
Additionally, there is a tenosynovitis of the flexor tendon of the third finger
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Molecular imaging with dGEMRIC was performed of
second and third MCP. To determine cartilage quality, T1
maps were analyzed using region of interest (ROI) measure-
ments. T1 values were calculated pixelwise using the formula

T1 x; y; zð Þ ¼ TR

ln
sin α1 xcos α2−Q x; y; zð Þ xsin α2 xcos α1

sin α1−Q x; y; zð Þxsin α2
� �

where

Q x; y; zð Þ ¼ S1 x; y; zð Þ
S2 x; y; zð Þ

and S1(x,y,z), S2(x,y,z) are the pixel intensities corresponding to
the different flip angles. Gradient-echo images with a flip angle
of 5° were used as an anatomic reference for cartilage identifica-
tion, and ROIs were set in the phalangeal and metacarpal carti-
lage of theMCP joints of the index andmiddle fingers. TheROIs
were transferred to the co-registered T1 map. The dGEMRIC
value, T1 [ms] and ROI size (number of pixels) were recorded.

Statistical analysis

Paired Wilcoxon signed-rank test for dichotomous analyses
and Spearman rho correlations between RAMRIS scores and
dGEMRIC values of MCP 2 and 3 were performed using
SPSS software, version 22. p values less than 0.05 were
considered significant. The values for dGEMRIC are present-
ed as the mean ± SD.

Results

dGEMRIC value of the joint with more severe synovitis was
369 ± 137 ms, dGEMRIC value of the joint with less severe
synovitis was 421 ± 129 ms. RAMRIS synovitis sub-score of
the joint with more severe synovitis was 2.51 (range, 1–3),
synovitis sub-score of the joint with less severe synovitisMCP
was 1.86 (range, 0–3). There was a significant difference
between the dGEMRIC value of dichotomized MCPs
(p = 0.0001; Fig. 3). The median of difference was 47.12, CI
[16.6; 62.76].

There was a significant negative correlation between
dGEMRIC value and RAMRIS synovitis sub-scores of the
joint with more severe synovitis in dichotomous analysis
(r = 0.5; p < 0.05; Fig. 4) as well as between dGEMRIC value
and RAMRIS synovitis sub-scores of the joint with less severe
synovitis (r = 0.33; p < 0.05; Fig. 5). In our patient population,
only four patients showed a higher dGEMRIC value in the
joint with more severe synovitis compared to the joint with
less severe synovitis (Fig. 6).

Discussion

dGEMRIC, as one method of biochemical MRI detecting
cartilage degradation, is increasingly commonly used in clin-
ical trials on cartilage changes in RA [2, 21, 22]. With
dGEMRIC, it is possible to detect proteoglycan loss after the
intravenous application of negatively charged contrast agent
(gadolinium diethylenetriamine pentaacetate anion—Gd-

Fig. 2 Representative
dGEMRIC image of the second
(a) and third (b)
metacarpophalangeal joint of a
patient with RA. Sagittal contrast-
enhanced T1-weighted images
(repetition time 15 ms, time to
echo 3.34ms, flip angle 5°) with a
dGEMRIC color map overlay.
Color-coding indicates high
glycosaminoglycan (GAG)
content (green-blue) to low GAG
content (red-orange). Transversal
fat-suppressed T1-weighted
sequence [field of view (FOV)
13×18 cm, matrix size 256×
182 pixels] of the same patient
with MCP synovitis (c). In this
patient, MCP 3 is the joint with
the higher RAMRIS synovitis
sub-score. dGEMRIC values
demonstrate low GAG content in
the joint with more severe
synovitis
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DTPA). The negatively charged Gd-DTPA penetrates carti-
lage in an inverse relationship to the concentration of nega-
tively charged glycosaminoglycan side chains of proteogly-
can. A depletion of proteoglycan content in degenerated car-
tilage results in an accumulation of the paramagnetic gadolin-
ium ions. This consecutively accelerates T1 relaxation time
[23].

Our data show that high inflammatory MRI scores were
associated with cartilage proteoglycan loss on a patient level.
The joint with a higher RAMRIS synovitis sub-score demon-
strated a significantly lower dGEMRIC value in the intra-
individual analysis representing a higher degree of cartilage
destruction. In our patient population, only four patients
showed a higher dGEMRIC value of the joint with more
severe RAMRIS synovitis sub-score compared to the joint
with a lower RAMRIS synovitis sub-score.

Clinical remission with cessation of inflammatory activity
is a major aim in the treatment of RA [24]. A possible
dissociation of systemic inflammatory activity from joint de-
struction was reported and puts preservation of joint integrity

into focus of therapy [8].MRI is a validated tool in monitoring
progression of joint destruction in RA. Gandjbakhch and
colleagues reported on a subclinical inflammation in RA
patents in remission, which may be an explanation for struc-
tural progression despite effective treatment [24]. Tiderius
et al. demonstrated that cartilage damage in biochemical
MRI continues irrespective of disease activity following ther-
apy escalation with TNF-alpha-blockers [21, 25].

Several other studies suggested a relationship between
synovitis severity and joint damage [1, 24]. We found that
the degree of cartilage proteoglycan loss was significantly
associated with MRI sub-score of synovitis severity in a
particular pair of adjacent joints.

Herz et al. showed a significant inter-individual correlation
between MRI synovitis sub-score and cartilage proteoglycan
loss in a cohort study design [1]. In our study we intra-
individually examined MCP 2 and 3 with regard to cartilage
proteoglycan loss and RAMRIS synovitis sub-score on a
patient level to diminish confounders between subjects such
as disease duration, age, gender, or therapy effects.

Fig. 3 dGEMRIC values of the
joint with more severe synovitis
(red) compared to the dGEMRIC
values of the joint with less severe
synovitis (blue). There was a
significant difference between
both groups, indicating an
association between MRI
synovitis sub-score on a joint
level and biochemical cartilage
composition (p = 0.0001)
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RAMRIS synovitis sub-score of
the joint with more severe
synovitis. There was a significant
correlation between dGEMRIC
value and RAMRIS synovitis
sub-score of the joint with more
severe synovitis (r = 0.5;
p < 0.05). MCP 2: n = 21; MCP 3:
n = 22
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Our results support the concept that inflammatory severity
is associated with cartilage damage on a single joint level.

Our study has limitations. No synovial and cartilage biop-
sies for histological analysis as a gold standard in evaluation
of joint inflammation were available. Only few studies pre-
pared synovial biopsies as gold standard [26]. However,
RAMRIS synovitis sub-score and dGEMRIC are well-
established methods to assess synovial inflammation [27]
and cartilage damage [7]. Additionally, the absolute values
of dGEMRIC vary among different studies and protocols [1].
The lack of a standard protocol for biochemical cartilage
imaging limits the comparability of dGEMRIC between indi-
vidual studies.

In chondromalacia and osteoarthritis, increased cartilage
perfusion in dynamic MRI has been published, suggestive of
increased extracellular spaces in these conditions [28]. This

finding yet awaits confirmation by other study groups. In RA,
no data on cartilage perfusion are available yet. Possibly
hyperperfusion leads to a bias in dGEMRIC values in RA.
We found a direct correlation between high inflammatory
MRI scores and low dGEMRIC values on a paired joint level,
but we also detected low dGEMRIC values in patients with
low or moderate synovitis.

Conclusions

The significant association of cartilage composition and
RAMRIS synovitis sub-score supports the concept that in-
flammation and cartilage damage are coupled on a local joint
level.
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