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Objectives: To  evaluate the utility of sequentially  acquired,  post hoc fused,  magnetic  resonance  imaging

(MRI) and  multi-pinhole  single  photon  emission  computed  tomography  (MPH-SPECT)  with  technetium-

99m-labeled  disphosphonates  (Tc99m-DPD)  for the identification of finger  joints  with  later erosive

progression  in  early rheumatoid  arthritis  (ERA)  patients.

Methods:  Ten  consecutive ERA  patients  prospectively  underwent  MPH-SPECT  and  MRI  of  metacarpopha-

langeal (MCP)  joints  prior  to  and  after 6 months  methotrexate  therapy. Tc99m-DPD uptake was measured

at proximal and  distal MCP sites  using  regional  analysis. The  course  of  joint pathologies  was scored

according  to  the  Rheumatoid Arthritis  MRI  Score  (RAMRIS)  criteria.

Results:  The  frequency  of  increased  Tc99m-DPD  uptake, synovitis  and  bone  marrow  edemadecreased

under MTX  therapy;  but  the  number  of  bone  erosions  increased. Joints  with progressive  and  new  erosions

on follow-up  had  a  higher baseline Tc99m-DPD uptake  (2.64  ± 1.23 vs.  1.43  ± 0.91) (p = 0.02).

Conclusions:  Joints  with erosive  progression are  characterized  by an  early  increased Tc99m-DPD  uptake,

even in absence of  MRI  bone  pathologies.  Tc99m-DPD MPH-SPECT  might  thus  be of additional  value to

morphological MRI  for the identification  of RA  patients with a  high risk  for  erosive  progression.

© 2012 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

1.1. Background: therapy monitoring in rheumatoid arthritis

In rheumatoid arthritis (RA) the  degree of long-term functional

joint impairment depends on the disease activity and consecu-

tive joint damage [1,2].  Today, clinical remission – constituting

the main therapy target in  RA [3–6] – can be achieved by using

early and tightly controlled treatment regimes and potent dis-

ease modifying anti-rheumatic drugs. Clinical scores such as the

disease activity score 28 (DAS28) are broadly applied for therapy

monitoring and moderately reflect disease activity [4]. However,

given that 19–30% of the patients in disease remission experienced

radiographic progression [7,8], the  discussion on the sufficiency of

disease monitoring based on clinical scores is ongoing.

1.2.  MRI  in rheumatoid arthritis

Additional information on inflammatory activity can be gained

by  magnetic resonance imaging (MRI), a sensitive tool for the

assessment of inflammatory changes in the soft tissue and bony

structures, which is therefore broadly used for therapy monitor-

ing. Bone marrow edema, which is  detectable by MRI  only, has been

shown to be a strong predictor for erosive disease [9–11]. But the

use of MRI  for therapy monitoring in RA has also brought up new

challenges. There is  evidence of persistent inflammation (synovi-

tis) despite clinical remission [12,13]. On the other hand, despite

persistent synovitis in  MRI, healing of erosions in X-ray has been

reported [14]. This gap between clinical and morphological remis-

sion discloses the need for an extension of imaging methods in RA to

identify patients who are at a high risk for extensive joint destruc-

tion  and who would potentially benefit from a primary biological

therapy or early therapy escalation.

1.3. Functional imaging in rheumatoid arthritis

Functional imaging techniques that collect metabolic informa-

tion from the tissues involved in the inflammatory processes in

RA are promising to provide the desired additional information.

F18 Fluordeoxyglucose-Positron emission tomography is a sensi-

tive method [15] for metabolic imaging of soft tissue inflammation

in RA, even for subclinical arthritis [16] and it has also been used

for therapy monitoring [17]. Inflammatory changes of the bone

metabolism can be depicted by Single photon emission computed

tomography (SPECT) using technetium-99m-labeled disphospho-

nates (Tc-99m DPD) SPECT [18,19]. A recent approach in  imaging

joint inflammation in RA has been the combination of functional

imaging and high-resolution cross-sectional imaging [20,21]. MRI

and multi-pinhole SPECT (MPH-SPECT), a high-resolution SPECT

variant [22,23], were successfully combined for the assessment

of  inflammatory changes in finger joints of RA and osteoarthritis

patients [24,25].  MPH-SPECT allows the depiction of very initial

bone alterations in finger joints of early RA (ERA) patients which

were not detectable on  MRI  scans [26]. An earlier preliminary

analysis had already indicated that MPH-SPECT might represent

a  valuable tool for the monitoring of  initial bony alterations in  ERA

patients under DMARD therapy [27]. Up to now no other longitudi-

nal  studies using MPH-SPECT for therapy monitoring under DMARD

therapy are available and the predictive value of increased tracer

uptake in SPECT is undetermined.

1.4. Objectives

The primary objective of this study was to evaluate whether

Tc99m-DPD- MPH-SPECT in  addition to MRI  could identify

metacarpophalangeal joints with erosive progression in ERA

patients under methotrexate therapy. The secondary objective was

to investigate the relationship between Tc99m-DPD uptake, persis-

tence of synovitis and the development of erosion.

2. Patients and methods

2.1. Patients

This study was  approved by the local ethical-committee (study

number 3129). Written informed consent was obtained from

all patients. 10 consecutive patients (8 female, 2 male; 49 ± 13

years [mean ±  SD], range: 24–68) with early RA based on the

2010 American College of Rheumatology/European League Against

Rheumatism RA classification criteria [28],  with a disease dura-

tion  < 6  months, no prior disease-modifying anti-rheumatic drug

treatment and absence of bone erosions of the  MCP  joints on

standard radiographs of the hands were enrolled in this study.

Patients were recruited from the Department of Endocrinology,

Diabetology and Rheumatology, University Dusseldorf, Dussel-

dorf, Germany and the  Department of Rheumatology &  Clinical

Immunology, Kliniken Essen-Sud, Essen, Germany. The general

exclusion criteria for MR  imaging and SPECT imaging with Tc99m-

DPD (cardiac or other pacemaker/device, metallic foreign bodies

(e.g. ocular, brain vascular clip), renal insufficiency, claustrophobia,

pregnancy) were applied. After baseline MR imaging all patients

were treated with a standard MTX  dose of 15 mg/week. All patients

were imaged and revisited after 6  months methotrexate therapy.

The following disease activity related parameters were collected

at  both time points: C-reactive protein (CRP) (mg/dl), erythrocyte

sedimentation rate (ESR) (mm/h) and DAS28.

2.2. MPH-SPECT imaging

MPH-SPECT imaging of the clinical dominant hand was per-

formed three hours after injection of a bodyweight adapted

dose (approximately 550 MBq) of technetium-99m dicar-

boxypropanedisphosphonate (Tc-99m DPD) We  used a Picker

PRISM 2000 S camera (Philips Medical Systems) fitted with a

multi-pinhole (MPH) pyramidal collimator, as decribed else-

where [25].  The field of view (FoV) of 110 ×  100 mm covered

the metacarpophalangeal and the proximal interphalangeal

joints of the  imaged hand. The rotation radius was  90 mm,  seven

projections/180◦ were acquired with 250 s/projection and 100–400

counts per second (cps), resulting in  a total acqusition time of

29  min. Each aperture had a sensitivity of 150 cps/MBq across the

FoV. MPH-SPECT images were reconstructed at 1.33 mm using

a 100 × 100 × 110 mm matrix and 9  iterations. Image distortion

was  prevented by daily quality checks using a snake phantom

(3.7  MBq, 12 projection a 100 s) and calculation of the reconstruc-

tion shift of the apertures, which was  then used for correction of

the MPH-SPECT hand studies.

2.3. MR imaging

Immediately after MPH-SPECT imaging, MRI  of the clinically

dominant hand (same as  MPH-SPECT) was performed on the same

day using a 3 Tesla MR system (Magnetom Trio; Siemens Health-

care, Germany). Patients were bedded in prone position. The arm

was extended overhead, palm down to center the  imaged hand in

the magnetic field. The imaged hand was wrapped in  a 4- chan-

nel flex coil (366 mm × 174 mm). The following sequences were

acquired: (1) coronal fat-suppressed short tau inversion recov-

ery (STIR) sequence (repetition time (TR) 5560 ms, echo time (TE)

31 ms,  inversion time (TI) 150 ms,  slice thickness 3 mm,  field of

view (FoV) 120 × 120 mm, matrix size 256 × 182 pixels), (2) coronal

T1 weighed turbo spin-echo (TSE) sequence (TR 860 ms,  TE 25 ms,
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Table 1
The mean values of the erythrocyte sedimentation rate (ESR), c-reactive protein

(CRP) and the disease activity score 28 (DAS28) were significantly reduced after 6

months methotrexate therapy (t1) compared to baseline (t0).

Mean ±  SD p-value

t0 t1

ESR (mm/h) 38.40 ±  24.1 17.2 ± 9.0  0.037

CRP (mg/dl) 1.96 ±  1.64 0.31 ± 0.25 0.002

DAS28 4.63 ±  1.27 1.95 ± 0.81 <0.001

FoV 120 × 120 mm),  (3) dynamic contrast enhanced T1 weighed

sequence (TR 333 ms,  TE 1.46 ms,  FoV 120 × 120 mm),  (4) contrast

enhanced coronal t1 weighed turbo spin-echo (TSE) sequence (TR

860 ms,  TE 25 ms,  FoV 120 × 120 mm),  axial contrast enhanced T1

weighed fat suppressed spin-echo sequence (TR 765 ms,  TE 12 ms,

FoV 60 × 20 mm).  The FoV of all sequences was adjusted to the  MCP

joints, being the most affected primary joint sites in ERA.

2.4. Image data analysis

Image analysis was focused on the MCP  joints. Because of the

known high prevalence of  osteoarthritis of the thumb, the first

MCP  was excluded. MR images were read in consensus by two

radiologists trained for RAMRIS scoring (AS, FM)  and one physician

specialized in nuclear medicine (KM) (all readers had a minimum of

5 years experience in musculosceletal imaging). In all ten  patients

the MCP  joints II–V (n = 40) were scored for severity of synovitis

Bone marrow edemausing the  relevant subscore of the Rheumatoid

Arthritis MRI  Score (RAMRIS) [29]. Further, according to RAMRIS

criteria, erosion and bone marrow edema subscores were assessed

separately for the proximal and distal portions of the MCP  joints

II–V (referred to as MCP  joint sites (JS), n = 80).

MPH-SPECT images were read by the same team of three read-

ers (AS, FM,  KM), in  consensus. Because there are no  reference

standards available for the Tc99m-DPD uptake in normal and

inflammatory MCP-joints, the number of joint sites with increased

Tc99m-DPD uptake could not be assessed by absolute quantifi-

cation. In order to identify the number of  MCP  JS with increased

Tc99m-DPD uptake, therefore a 4 point grading system (0 =  no

increased uptake, 1  =  slightly increased uptake, 2  =  moderately

increased uptake, 3  =  severely increased uptake) was applied. In

addition, a region of interest (ROI) analysis was performed for the

quantitative comparison of the mean Tc99m-DPD uptake in JS with

different courses of the RA related MRI  pathologies. For this purpose

one  reader (KM) drew three-dimensional ROIs fitted to cover the

head of the metacarpal bone (proximal JS) and basis of the pha-

langeal bone (distal JS)  into the MCP  joint II to V. In each patient a

reference bone site in the proximal phalangeal bones, with visu-

ally  normal Tc99m-DPD uptake, was chosen. In this bone site a

reference ROI was placed. The mean counts in the  reference ROIs

were 628 ± 1090 at baseline and 1910 ± 856 at follow-up. In order

to  achieve comparability between patients, Tc99m-DPD uptake at

MCP  JS was then divided by the Tc99m-DPD uptake measure of

this reference bone site, resulting in  normalized Tc99m-DPD uptake

ratios.

2.5. Statistics

Since Kolmogorov–Smirnov test indicated that measured

Tc99m-DPD uptake ratios were normally distributed, parametrical

statistic was used for analysis. For comparison of continuous data

between groups, Student’s t-test and analysis of variance (ANOVA)

were used as appropriate. For repeated measurements of continu-

ous variables, variants of these tests appropriate for paired samples

were used; for categorical data, the  Wilcoxon signed-rank test for
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Fig. 1.  Dot plot showing the distribution of the  measured baseline Tc99m-DPD

uptake ratios (all values were included in the analysis) in joint sites (JS) with and

without progression or  development of bone erosions on follow-up. The baseline

values of the Tc99m-DPD ratios were significantly higher in joint sites with pro-

gressive or  newly developed erosions (p < 0.001).

paired-samples was used. Correlations of categorical data were

calculated using Cramer’s V (˚c).  Values are presented as  mean

value ±  standard deviation. A  critical p-value of <0.05 was  used as

significance level. Statistical analysis was  performed using SPSS

software (SPSS, version 19, SPSS, Chicago, Il).

3.  Results

3.1. Clinical disease course

Clinically, all patients responded to methotrexate. The mean val-

ues for ESR, CRP and DAS28 were significantly lower after 6  months

compared to baseline (Table 1).

3.2. MRI

The number MCP  joints affected by synovitis decreased from

baseline (n  =  24) to follow-up (n = 18) MRI. The severity of  the

RAMRIS synovitis score significantly decreased from baseline to

follow-up (p < 0.001). Bone marrow edema was a very infrequent

finding (2 JS at baseline; 1  JS at follow-up) at both time points. Seven

erosions were found at baseline, 9  erosions at follow-up MRI. 6  out

of 7  erosions detected at baseline were progressive on follow-up, 1

baseline erosion completely regressed and 3 erosions were newly

developed.

3.3.  MPH-SPECT Imaging

The number of JS with increased Tc99m-DPD uptake decreased

from baseline (n  =  47) to follow-up (n  = 39). At baseline, JS that

had erosions on baseline MRI  had a higher Tc99m-DPD uptake

(2.53 ± 1.45) than JS without erosions (1.47 ± 0.93) (p =  0.03)

(Fig. 1). JS with progressive and newly developed erosions

on follow-up MRI  had a higher baseline Tc99m-DPD uptake

(2.64 ± 1.23) compared to JS that did not show erosions on follow-

up (1.43 ±  0.91) (p <  0.02) (Fig. 2). The Tc99m-DPD uptake at

baseline significantly increased with the erosion size on follow-up

(p  =  0.005) (Fig. 3).

There was no significant difference in  the mean Tc99m-DPD

uptake between MCP  joints with persistent synovitis on MRI

(1.56 ± 1.27) and MCP  joints without persistence of  synovitis
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Fig. 2. Example disease course of a 51 years old ERA patient under MTX therapy: Baseline axial contrast enhanced T1w MR-Image (A) and coronal native T1w MR-Image (B)

showing synovitis of the  index, middle and  fifth finger but no erosions. The fusion image of baseline MR-Image and baseline SPECT (C)  depicts a  focal Tc99-DPD uptake (open

arrow) in the metacarpal head of the  index finger. Follow-up axial (D) and coronal T1w MR-Image (E) after 6  months MTX  therapy showing that a  small bone defect (white

arrows) was  developed in location of the focal uptake. The corresponding MR-SPECT fusion image (F) documents the regression of the former focal Tc99-DPD uptake in the

metacarpal head of  the index finger.

(1.47 ± 0.75) (p = 0.38). There was no significant correlation

between persistence of synovitis and the development of erosions

on follow-up MRI  (˚c = 0.3, p  =  0.12).

4. Discussion

In this study we report the first results on combined high-

resolution MPH-SPECT and MRI  of the MCP  joints for therapy

monitoring in RA. We found that high-resolution MPH-SPECT is

sensitive to changes of inflammatory bone metabolism and it gen-

erally reflects the trends of inflammatory activity in  MRI  and the

patient’s disease course measured by ESR, CRP and DAS28. In

advancement to  conventional scintigraphy and SPECT, the given

higher resolution of the MPH-SPECT technique and the image

fusion of MPH-SPECT and MRI  allowed for the correlation of

the course of MR pathologies of the MCP  joints and the bone

metabolism of the corresponding JS. In our ERA study cohort, bone

marrow edema, a known strong predictor for the  development of

Size of Erosions (RAMRIS)

3210

B
a

s
e

li
n

e
 T

c
9

9
m

-D
P

D
 U

p
ta

k
e

 R
a

ti
o

8,00

6,00

4,00

2,00

,00

Fig. 3. The baseline Tc99m-DPD uptake ratio values significantly increased over  the

RAMRIS categories of erosion size  on follow-up (p = 0.005).

bone erosions and the  earliest MR finding of osteitis in RA [30], was

a rare finding. Thus the course of bone marrow edema only reflected

the therapy response in a small number of JS (3/80 JS; 4%). At the

same time increased Tc99m-DPD uptake was frequently found in

MCP  JS and decreased under methotrexate therapy. This data cor-

roborate the  finding of an earlier study that reported on earliest

inflammatory bone affections in RA detected by MPH-SPECT and

a synchronous lack of bone marrow edema [26]. In RA, increased

Tc99m-DPD uptake may  reflect increased osteoblastic activity due

to  stimulation by  proinflammatory cytokines such as TNF�, IL-1

and  IL-6 [19].  Histopathological studies on RA patients who under-

went joint-surgery revealed that bone marrow edema represents

an accumulation of pro-inflammatory cells [31]. Further, there is

evidence that proinflammatory cytokines such as TNF�, IL-1 and IL-

6  strongly inhibit the differentiation of multi-potent mesenchymal

stem cells to adipocytes, which are abundant in  the bone mar-

row. It was  shown that in inflamed joints not only the invasion

of inflammatory cells but also the higher number of undifferenti-

ated mesenchymal stem cells are responsible for  the  development

of  a detectable bone marrow edema in MRI  [32].  The presence of

elevated Tc99m-DPD uptake prior to visible bone marrow edema

could reflect this time-course from direct stimulation of osteoblasts

and the delayed drift of  the cell composition (MSC to  adipocytes)

leading to bone marrow edema. On the  contrary, other authors

reported that Tc99m-DPD binding in the bone may  be independent

from osteoblast numbers but proportional to  the  amount of bone-

forming minerals, entering the  bone by chemical resorption [32,33].

The hypotheses reported above, which is based only on  a  small

patient cohort, therefore has to be interpreted with care. Future

studies on imaging findings (SPECT, MRI) with histopathological

reference (e.g. utilizing mini-arthroscopy [34]) are desirable in

order to investigate the true correlate of joint pathologies depicted

by MRI  and SPECT. Despite the clinical response of all patients and

an overall reduction of inflammatory joint pathologies on MRI, pri-

marily synovitis, we  found a progression of erosions in 9  JS. Prior

larger studies hypothesized that persistent synovitis despite clin-

ical remission might be causal for a progress of joint erosions. In

our small study cohort, synovitis persisted in 18 MCP  joints with-

out  significant correlation between the  persistence of  synovitis and

the progress and development of erosions on follow-up MRI. These

findings conflict with hypotheses that persistent synovitis, despite
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clinical remission, might be causal for a progress of joint erosions.

Supporting our data, an MRI, CT and  ultrasonography controlled

study on a larger RA patient cohort receiving a combined adal-

imumab and MTX  treatment reported no progression and even

occasional healing of joint erosions despite persisting synovitis

[14].  One explanation for  this finding is  that Tc99m-DPD uptake

of JS adjacent to persistent synovitis was not increased compared

to  JS in joints without persistence of synovitis. According to this

explanation, the persistence of synovitis might be an MR imaging

feature without a direct link to the bony joint compartment. For

JS that showed a progression of the size of erosions or new ero-

sions, we found a significant higher Tc99m-DPD uptake in baseline

SPECT compared to JS with stable or regressive erosions. Moreover,

there was a linear relationship between the Tc99m-DPD uptake val-

ues measured baseline and the size of the erosions on follow-up.

These findings indicate that increased Tc99m-DPD as a measure

of increased bone metabolism might be predictive for the pro-

gression of joint erosions in RA. The utilization of MPH-SPECT for

the early identification of high-risk patients (for an extensive joint

destruction) in need of a primary biological therapy or early ther-

apy  escalation, which potentially leads to a better outcome [35],  is

at  least imaginable. Future studies have to carefully evaluate the

potential of the MPH-SPECT technique for risk stratification of ERA

patients.

This study has limitations. Due to the small number of patients

our results have to be considered as preliminary and further studies

are needed to verify our findings. Our analysis was limited to the

MCP  joints, caused by  restrictions in the FoV of MPH-SPECT and MR

imaging, and therefore neglected inflammatory processes in  other

joints of the hand (e.g. the wrist). There was no reference standard

(normal value of Tc99m-DPD uptake) available for the ROI analysis

of  MCP  JS in MPH-SPECT images. Thus no  thresholds regarding the

risk of development of bone erosions could be reported. Due to  the

consensus-reading approach we did not provide inter- and intra-

reader reliabilities for the assessment of  MPH-SPECT and  MRI  joint

pathologies. With regard to the clinical value of our findings, the

limited availability of MPH-SPECT has to be considered a relevant

limitation.

5.  Conclusions

In RA patients, MCP  joints which later show erosive progression

can be identified by increased Tc99m-DPD uptake, even in  absence

of MRI  bone pathologies. Hybrid MPH-SPECT and MRI  might thus

provide valuable additional information for the identification of RA

patients with a high risk of erosive progression.
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Abstract To investigate patterns of inflammatory MRI

pathologies of the fore- and midfoot in rheumatoid arthritis

(RA) and early RA (ERA) and their changes under therapy.

In this prospective study, MRI data of the foot of 39 RA

patients (29 female, 10 male; age: 54 ± 13 years; disease

duration: 35 ± 37 months; baseline DAS28: 3.0 ± 2.0;

medication: 29 DMARD, 1 biological, 9 symptomatic or

non-specific treatment) were evaluated for synovitis in 314

joints, bone marrow edema and erosions according to

RAMRIS criteria in a total of 585 joints. The change in

joint pathology intensity was evaluated on follow-up MRI

(time of follow-up: 8 ± 4 months) in 25 patients. Inflam-

mation was generally more frequent in the metatarsopha-

langeal (MTP) joints (221/292; 76 %) than in the proximal

metatarsal (47/292; 16 %) and tarsal bones (24/292; 8 %).

The overall most frequently involved joints of the foot

were MTP 5 (51/292; 18 %) and 1 (49/292; 17 %). Change

under therapy was most frequently seen in the MTP 1 joint.

Progress of inflammation in the MTP 1 was more fre-

quently found in ERA patients than in patients with

established RA (disease duration[12 months) (p = 0.002).

In RA, the MTP joints, primarily MTP 5 and 1, are the

predominant sites of inflammatory MRI pathologies of the

foot. A change of inflammatory activity under therapy can

be most frequently noted in the MTP 1 joint. This infor-

mation might be helpful to improve effectiveness of MRI-

controlled therapy approaches and clinical trials.

Keywords Rheumatoid arthritis � MRI � Foot �
RAMRIS � Joint

Introduction

The accuracy of magnetic resonance imaging (MRI) in the

prediction of radiographic joint destruction in rheumatoid

arthritis (RA) has long been recognized in the literature

[1, 2]. The higher sensitivity of MRI toward inflammation

of the hand and forefeet (compared to standard radiogra-

phy) [3] and the development of the RA-MRI scoring

system (RAMRIS), which allowed for standardized semi-

quantitative assessment of inflammatory soft tissue and

destructive bone alterations [4–6], made a large number of

MRI-controlled clinical trials in RA possible. Since most of

these studies focused on the joints of the hand, little has

been known about inflammatory MRI changes of the joints

of the foot. One of the few studies dealing with this

problem revealed that inflammatory MRI findings in the

feet are as prevalent as in the hands [7] and may even be

detected in the absence of inflammation of the clinical

predominantly involved hand on MRI scans [8]. The latter

study was the first that deployed the established RAMRIS

scoring system to the feet, which recently demonstrated

excellent reliability [9]. However, limited data of MRI

patterns of the arthritic forefeet have been available.

The purpose of this study was to investigate the patterns

of inflammatory MRI pathologies of the fore- and midfoot
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in RA and early RA (ERA) patients and the patterns of

change under therapy to provide an enhanced rationale for

the selection of monitored joints under therapy and in the

future MRI studies in RA.

Materials and methods

Patients

After institutional review board approval 39, RA patients

(29 female, 10male; age: 54 ± 13 years, range 23–82; disease

duration: 35 ± 37 months, range 0–158; baseline DAS28:

3.0 ± 2.0;medication: 29/39DMARD, 1/39 biological, 9/39

symptomatic or non-specific treatment) recruited from a

single center were prospectively included in this study. All

patients fulfilled the 2010 American College of Rheumatol-

ogy/European League Against Rheumatism Rheumatoid

arthritis classification criteria [10] and had documented

inflammatory changes (MRI or radiography) of the hands. To

evaluate potential differences between ERA and established

RA, a threshold of 12-month disease duration was selected to

subdivide groups. The study cohort comprised 12 ERA and

27 established RA patients, using this threshold. MRI of one

forefoot (left: 21/39, 54 %; right: 18/39, 46 %) was available

in all patients. If clinically apparent, the dominant side was

imaged. Follow-up MRIs were available for 25 patients

(mean time to follow-up 8 ± 4 month).

MR imaging

MR imaging was performed on MR systems with field

strengths from 0.2 to 3 T (Esaote C Scan (0.2 T), Esaote

Italy; Siemens Avanto (1.5 T) and Siemens Magnetom Trio

(3 T), Siemens Healthcare, Erlangen, Germany). No spe-

cific rules were applied for the allocation to the different

MR scanners but imaging was performed upon availability.

The imaging protocols comprised pre- and post-contrast

(i.v. gadolinium-based MRI contrast material) T1-weighted

images with a maximum slice thickness of 3 mm in at least

two orthogonal planes and coronal fat-suppressed short tau

inversion recovery (STIR) sequences. The field of view

contained the metatarsophalangeal joints, the tarsometa-

tarsal joints and the intertarsal joints including the cunei-

form bones, the cuboid and the navicular bone. The

proximal interphalangeal joints were only sporadically

included in the field of view depending upon the actual foot

size and therefore, were excluded from the analysis.

Image analysis

MR images were read in consensus by two radiologists.

Images were evaluated for synovitis, bone marrow edema

(BME) and erosions according to the RAMRIS guidelines

[4]. The presence or absence of change (progression and

regression) of these inflammatory changes was noted in

cases with available follow-up MRI. Joint pathologies that

were newly developed on follow-up were referred to as

progression. In MTP joints, the distal and proximal joint

portions were analyzed separately for the presence of BME

and erosions (data not shown), but were then summarized

to one bone site for the evaluation of patterns of sites of

inflammation. For the evaluation of synovitis, the tarsus

was referred to as one joint (intertarsal synovitis).

All statistical analyses have been performed using the

software R, version 2.11.1 (The R Foundation for Sta-

tistical Computing). Estimation of differences between

proportions and corresponding p values has been calculated

with the function prop.test including continuity correction

where appropriate.

Results

Baseline MRI

Synovitis

One hundred and ten of four hundred and twenty-nine joints

showed synovitis. Synovitis was more frequent in the MTP

joints (83/110; 75 %) than in the tarsometatarsal (23/110;

21 %) and intertarsal joints (4/110; 4 %), and was most fre-

quently noted in the MTP 4 joint (19/110; 17 %) (Fig. 1a).

Bone marrow edema

Bone marrow edema was found in a total of 66 bone sites

and was more frequent in MTP joints (49/66; 74 %) than in

the proximal metatarsal (8/66; 12 %), and tarsal bones

(9/66; 14 %). Overall, the MTP 3 joint most frequently

showed BME (12/66; 18 %), closely followed by MTP

joints 4 and 5 (11/66; 17 % each) (Fig. 1b).

Erosions

A total of 119 erosions were found, of which the majority

(89/119; 75 %) was noted in the MTP joints. Erosions of the

proximal metatarsal bones (16/119; 13 %) and the tarsal

bones (14/119; 12 %) were less frequently observed. The

joint sites most frequently affected by erosions were MTP 1

(25/119; 21 %) and MTP 5 (24/119; 20 %) (Fig. 1c).

Inflammation (global score)

The sum score of inflammatory findings for each site

showed that inflammatory changes of the MTP joints
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(221/292; 76 %) were more frequent than in the proximal

metatarsal (47/292; 16 %) and tarsal bones (24/292; 8 %).

The overall most frequently involved joints of the foot were

MTP 5 (51/292; 18 %) and I (49/292; 17 %) (Fig. 2a).

ERA versus established RA baseline

The MTP 1 joint was more frequently affected by inflam-

matory changes in the ERA group (35 %) than in the

established RA patient group (19 %) (p = 0.02). In

established RA patients, MR signs of inflammation were

more frequent in the MTP 4 joint (p = 0.04) and the

proximal metatarsal bone 1 (p = 0.01). For baseline MRI,

no significant differences between ERA and established

RA patients were found in the subgroups synovitis, BME

and erosions.

Follow-up MRI

Synovitis

On follow-up, 49 of 275 joints demonstrated an alteration

of the intensity of synovitis. Of these, 35 sites showed

regression and 14 were progressive. Synovitis changed

more frequently in the MTP joints (29/49; 59 %) compared

to the tarsometatarsal (19/49; 39 %) and intertarsal joints

(1/49; 2 %). Overall, a change in the degree of synovitis

was most frequently found in MTP 4 and proximal meta-

tarsal bone 2 (7/47; 15 % each) (Fig. 3a).

Bone marrow edema

Thirty of three hundred and seventy-five bone sites eval-

uated on follow-up showed a change of BME intensity, 19

of which showed regression and 11 were progressive. An

alteration of the extent of BME was more frequently noted

in MTP joints (23/30; 77 %) than in proximal metatarsal

(4/30; 13 %) and tarsal bones (3/30; 10 %). Regarding

BME, the joint site most frequently demonstrating a change

in BME was MTP 3 (8/30; 27 %) closely followed by MTP

1 (7/30; 23 %) (Fig. 3b).

Erosions

Fifty-seven of three hundred and seventy-five bone sites

showed a change of the extent of erosions. Nineteen bone

sites showed regression, 38 were progressive. Erosions of

the MTP bones (39/57; 68 %) were more frequently

changed compared to proximal metatarsal (11/57; 19 %)

and tarsal bones (7/57; 12 %). Change of erosions of MTP

2 was predominant (11/57; 19 %) (Fig. 3c).

Change of inflammation (global score)

The sum score of inflammatory findings for each bone site

showed that MTP joints (93/137; 25 %) were more fre-

quently subject of change than the proximal metatarsal

(34/137; 25 %) and the tarsal bones (10/137; 7 %). MTP

joints 1 (21/137; 15 %) closely followed by MTP 2, 3 and 5

Fig. 1 Prevalence of synovitis (a), bone marrow edema (b) and erosions (c) in baseline MRI of the foot

Fig. 2 Distribution of

combined inflammatory

changes in baseline MRI (a) and
change of intensity (synovitis,

BME and erosions combined)

on follow-up MRI (b)
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(with decreasing frequency) were most frequently changed

in extent of inflammation (Fig. 2b).

ERA versus established RA follow-up

Joint inflammation of the MTP 1 was more frequently

changed under therapy (p = 0.003) and was more fre-

quently progressive in the ERA group (22.5 %) than in the

established RA patient group (3.5 %) (p = 0.002). No

differences between ERA and established RA patients were

found regarding the change of synovitis and BME.

Discussion

The aim of this study was to identify the patterns of

inflammation on MRI of the fore- and midfoot in RA. We

found that synovitis, BME and bony erosions are common

in both the forefoot (MTP joints) and the midfoot (proxi-

mal metatarsal and tarsal bones) of RA patients. Our data

show that inflammatory changes are far more frequent in

MTP joints than metatarsal and tarsal bones. This finding is

supportive to an epidemiological study on RA patients that

reported the highest burden of pain in the forefeet com-

pared to the mid- and hindfoot [11, 12]. Our data indicate

that the MTP joints 5 and 1 are the predominant sites of

inflammation of the foot in RA. This finding corroborates

the data from radiographic studies [13, 14] and is consistent

with an MRI study that demonstrated that MTP 5 was the

joint site most likely to be affected by inflammation [7].

We found that erosions are almost equally common in

MTP 1 and MTP 5. Interestingly increased physical stress

under the forefoot, especially MTP 1 and 4, has been dis-

cussed to cause erosions [15]. A subgroup analysis of our

cohort indicates that in ERA, the MTP 1 joint is more

frequently affected by inflammation (p = 0.023) and more

frequently progresses in inflammation compared to estab-

lished RA patients (p = 0.002). Supporting this finding, the

aforementioned study on inflammation of the lower

extremity in ERA patients reported that following MTP 5

the MTP 1 joint is the second most frequent site of

inflammatory pathologies [7]. Based on this data, the MTP

1 joint, unlike the first metacarpophalangeal joint for the

RAMRIS of the hand, should be included in the MRI score

of the foot. However, the known high prevalence of joint

pathologies due to coexistent osteoarthritis in MTP 1 may

have biased our analysis and should be respected by

evaluation of foot MRI in RA patients.

The present study is the first to systematically document

the patterns of inflammation of the rheumatic fore- and

midfoot on MRI. Taking into consideration that the

majority of inflammatory changes can be found in the MTP

joints allows for a higher precision in planning MRI-con-

trolled clinical trials in RA. Based on our data reducing the

MRI field of view and focusing on the forefoot seems to be

reasonable. This bears the potential to provide shorter

imaging times, which might be profitable for routine

outpatient clinic care and allow for more time-efficient

MRI-controlled therapy approaches. Future studies have to

verify if the evaluation (e.g., RAMRIS) of the forefoot has

a comparable accuracy for the estimation of disease

activity as the evaluation of all foot joints. RAMRIS

scoring for research purposes is also time-consuming.

Because of our preliminary finding that the MTP joints

1 and 2 are most frequently affected by a change in

inflammatory intensity under therapy, longitudinal studies

comparing whole foot joint scores and reduced forefoot

joint scores (e.g., MTP 1, 2 and 5 according to our study)

for the reflection of the course of disease activity under

therapy are needed.

This study gives note of a high prevalence of forefoot

joint inflammation in RA patients under therapy. This

finding is supported by a study reporting on MTP joint

tenderness and swelling in a substantial number of RA

patients who were considered to be in the state of remission

[16]. Given the high burden of forefoot pain known from

epidemiological studies [11, 12] and the imminence of

walking disability [17], a more attentive attitude to the

course of forefoot inflammation in outcome studies in RA

seems worthwhile and justifiable. This applies more than

ever since the favorable effect of a very early DMARD

treatment on the radiographic progression has been well

Fig. 3 Prevalence of change in intensity of synovitis (a), bone marrow edema (b) and erosions (c) on follow-up MRI of the foot
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documented [18]. Like the widely used DAS28 score (which

does not include the feet) may misleadingly define remission

in individuals [19], the exclusion of the feet in the RAMRIS

eventually underestimates disease activity. In analogy to

established scoring methods in conventional radiography

(e.g., Sharp/van der Heijde, SENS or Ratingen score) [13, 20,

21], a combined hand and foot MRI score might state an

important advancement to the present RAMRIS. In contrast, a

study comparing the DAS28 and the DAS38 (which included

the 10 metatarsophalangeal joints) recently showed that

inclusionof the feet for evaluationofdisease remissiondid not

influence the risk for subsequent radiographic progression

[22]. In the same study, 26–40 % of the patients in DAS28

remission showed disease activity on the feet [22]. Future

studies have to address the prognostic value of persistent

inflammation in the joints of the feet onMRI and evaluate the

utility of a combinedhandand footMRI score according to the

RAMRIS criteria. Also the comparison of standard radio-

graphs of the hand and foot versus a combined hand and foot

MRI protocol for their impact on the therapeutic management

of RA patients has to be addressed in the future studies.

This study has limitations. The consensus reading

approach does not provide inter- and intra-reader reliabil-

ities of the RAMRIS scoring. Follow-up MRI was not

available for all included individuals. The hindfoot and

ankle was not imaged due to the natural field-of-view

limitations of MRI. The ankle, however, is the second most

frequent site (after the forefoot) of pain reported by RA

patients [12] and significantly contributes to walking dis-

ability [23]. We used different MR systems upon avail-

ability. Hence, the known differences in detection rates for

inflammatory joint pathologies due to different field

strengths [24] may have limited the comparability of our

MRI findings.

Conclusion

In RA, the MTP joints, primarily MTP 5 and 1, are the

predominant sites of inflammatory MRI pathologies of the

fore- and midfoot. Under therapy, the MTP 1 joint most

frequently changed in inflammatory intensity. This

knowledge might be helpful to improve effectiveness of

MRI-controlled therapy approaches and clinical trials.
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ABSTRACT
To analyse whether syno-

vial markers of the clinically dominant 
metacarpophalangeal (MCP) joint re-

in rheumatoid arthritis (RA).
 Arthroscopically-guided 

synovial biopsies from the dominant 
metacarpophalangeal (MCP) joint of 
10 patients with RA (DAS28 >3.2) were 
stained for determination of the syno-
vitis score, CD68, vascular endothe-
lial growth factor (VEGF), hypoxia-

ultrasound were used to calculate the 
RAMRIS and US7 score respectively. 
Arthroscopy of the same joint was re-
peated in 6 patients after 6 months.

-
cantly correlated to DAS28 (Spear-
man r=0.74), CRP (r=0.69), and 
US7 (r=0.66); sublining CD68 mac-

DAS28 (r=0.77), CRP (r=0.73); and 
VEGF to DAS28 (r=0.753) and RAM-
RIS (r=0.663). All patients showed a 
reduction of the DAS28 after 6 months 
(mean±SD: 5.2±1.5 vs. 2.75±1.1; 
p<0.05). There were three patients 
with a good EULAR response, and 
only these showed declining sublining 
CD68 macrophages in the control bi-
opsy (χ2 test: LR 8.3, p=0.05). Two of 
the remaining patients with increasing 
CD68 sublining macrophages showed 
a deterioration of the RAMRIS.

 
in arthroscopically-guided biopsies 
of the dominantly affected MCP joint 

-
ures and their changes in RA patients. 
Moreover, repeated MCP synovial bi-
opsy may distinguish true responders 
from individuals with residual disease 
activity, who are not readily recognised 
by clinical means.

Synovial tissue analysis in RA has in-
creased our understanding of disease 
mechanisms, and can be used in early 
phase trials to assess response to treat-
ment (1, 2). Markers such as sublining 
CD68 macrophages have consistently 
been shown to be excellent disease ac-
tivity parameters of rheumatoid arthri-
tis (RA), potentially even superior to 

clinical composit measures such as the 
DAS28, which may be more liable to 
placebo effects (3-5). A study by Kraan 
et al. involving 9 patients suggested 
that comparable histological signs of 

joints are found irrespective of their lo-
-

vial biopsies are usually collected from 
large joints such as the knee. However, 
the knee joint might not be affected in 
a considerable number of patients at 
the time of sampling. Thus, other large 

-
ternative choices (1). We noted that a 
number of RA patients refer to an MCP 
joint as their most severely affected 
joint in terms of pain and functional 
disability, especially in early disease, 
often in the absence of considerable 

This is in accordance with systematic 

large joints may be biopsied, but dis-
-

tentially not representing overall dis-
ease activity. In these cases, synovial 
sampling of the dominant MCP joint 
is an attractive option. However, to 
our knowledge, there are no systematic 
studies evaluating whether the changes 
observed relate to overall disease ac-
tivity. Furthermore, there is theoreti-
cal concern that extensive sampling in 
such a small joint could preclude lon-
gitudinal analyses because of synovial 
scaring, or is not well tolerated by pa-
tients. Earlier studies have established 
the safety of singular MCP joint ar-
throscopy in RA (9, 10). Therefore, we 
assessed whether singular and repeated 

synovial tissue, gathered from few tar-
geted biopsies of MCP-joint synovial 

-
ease activity such as the DAS28 or im-
aging procedures in RA patients.

10 consecutive patients with RA based 
on 2010 ACR/EULAR criteria with (1) 
a DAS28 >3.2, who (2) required initia-
tion of DMARD therapy (n=4, metho-
trexate) or a switch of medication (n=6 
patients with methotrexate additionally 
received adalimumab), (3) indicated an 
MCP joint as their most severely af-
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fected and painful joint, and (4) gave 
their full informed written consent 
into the study, were recruited. All pa-
tients received an ultrasound exami-
nation with determination of the US7 
score (11) and a Gadolinium-enhanced 
MRI (either 3.0 Tesla MRI (n=6) or 
alternatively 0.2 Tesla MRI in case of 
claustrophobia (n=4)) of the hand with 
determination of the RAMRIS score 
(12). Within one week, arthroscopy 
was carried out as described previously 
with 1.9 diameter arthroscope and lo-
cal anaesthesia (Karl Storz, Tuttlingen, 

dorsal portals were created after skin 
incision for introduction of the arthro-
scopic camera and the biopsy forceps, 
respectively. A total of 6 synovial biop-
sies were obtained under visual control 

and snap frozen in Tissue-Tek (Sakura 
Finetek Germany, Staufen, Germany). 
The study was conducted according to 
the principles expressed in the Declara-
tion of Helsinki and was approved by 
the ethics committee of the Medical 
Faculty of Heinrich-Heine-University 
(study number 3390).

Synovial tissue 

from snap-frozen synovial tissue, 
Haematoxylin Eosion (HE) stained 
(Merck, Darmstadt, Germany) and 
evaluated prior to immunohistochemi-
cal staining of parallel sections. In each 
patient, a representative biopsy with 
the best morphology including a lining 
layer was selected for further analysis. 
Immunohistochemistry was carried out 
with monoclonal mouse anti-CD68 an-
tibody (Dako, Glostrup, Denmark); an-
ti-VEGF (Millipore, Billerica, USA), 

UK) antibody representing vasculari-
sation; or IgG1 isotype control and 
secondary antibody contained within 
Dako Real Detection system, essen-
tially according to manufacturer’s in-
structions (all Dako). Stained sections 
were coded and evaluated at random 
by an observer blinded to the diagno-
sis and clinical data on a microscope 
(Axioskop 2 plus, Carl Zeiss, Jena, 
Germany) with digital camera (Nikon 
DS Vi 1, Nikon, Düsseldorf, Germany) 

and image acquisition software (NIS-
Elements F, Nikon). HE stained sec-
tions were used for determination of 
the synovitis score according to Krenn 
(13). This is a semiquantitative 4-point 
sum-scale which considers lining layer 

and density of resident cells. CD68 
of the sublining layer, VEGF, and 

-
age analysis, essentially as previously 

and stored in TIF-format (resolution of 
1600 x 1200). ImageJ (http://rsbweb.
nih.gov/ij/index.html) was used to se-
lect regions of interest, i.e. sublining 
layer or total biopsy and the image was 
thresholded to highlight the stained 
areas, but not the respective isotype 
controls. For all samples stained with 
the same antibody, the same settings 

were used. After conversion of the pho-
tograph to an 8 bit binary image, the 
stained area was calculated as a frac-
tion of the selected region.

Statistical analysis
Correlations were calculated accord-
ing to Spearman. χ2 test was used for 
analysis of a cross table including pa-
tients with a good EULAR response 
and declining CD68 staining. p<0.05 

was used for analyses.

Correlations of synovial markers to 
disease activity
We were interested to determine 

-
mation relate to established measures 
of systemic disease activity (DAS28), 

 Correlation of MCP joint synovial analyses with disease activity measures.

  DAS28 CRP* US7  RAMRIS§

Synovitis score¶ p p p  0.327 (NS)
 lining layer 0.289 (NS) 0.410 (NS) 0.239 (NS) -0,200 (NS)

p p  0.494 (NS.) 0.539 (NS)
 resident cells 0.412 (NS) 0.357 (NS) 0.601 (NS) 0.194 (NS)

Sublining CD68 0.553 (NS) p  0.455 (NS) -0,164 (NS)

VEGF p  0.565 (NS) 0.620 (NS) p

p p  0.564 (NS) 0.345 (NS)

*C-reactive protein, 7 joint ultrasound score (11), §rheumatoid arthritis magnetic resonance imaging 
score (12), ¶

Correlations of RA disease activity measures and synovial analyses of 10 MCP joint arthroscopies 
with the synovitis score and digital image analysis calculating the fraction of stained are of the total 

are printed in bold.

 Individual DAS28 responses of patients with follow-up synovial biopsies after 6 
months (T0, T1) and corresponding sublining CD68 staining.

Patient  DAS28  EULAR  sublining CD68 RAMRIS*

number     response

 T0  T1   T0 T1 T0 T1

1 5.6 1.2     good 47 12 34 22
2 3.2 1.7     good 13 1 26 26
4 5.1 3.2     good 9 1 13 7
6 5.7 4.4  moderate 24 27 37 40
7 6.5 3.3  moderate 7 8 71 82

10 3.5 2.6  moderate 3 9 34 22

*rheumatoid arthritis magnetic resonance imaging score (12).
Disease Activity Score of 28 joints (DAS28), EULAR response based on the DAS28, digital image 
analysis of CD68 staining, and MRI RAMRIS score of the hand in initial (T0) and control biopsies 
after 6 months (T1). A decline in sublining CD68 was only noted in those patients with a good EULAR 
response (χ2 test: LR 8.3, p: 0.05).
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I shows that the synovitis score corre-
lated to the DAS28 and CRP. This was 

but not for the other subscores. Simi-
larly, CD68 staining correlated to CRP. 
Because vascularisation is a crucial 
event in RA pathophysiology and read-
ily assessed by imaging procedures, we 
were interested to analyse how markers 
of vascularisation relate to global dis-
ease activity. As can be seen in Table 

to CRP. Next, we assessed how the syn-
ovial markers related to global meas-
ures of modern imaging procedures. 
Correlations of the synovitis score with 
the US7 ultrasound score and of VEGF 
with the RAMIRS MRI score were 
observed (Table I). When considering 
the subscores of the respective imaging 
methods, VEGF staining correlated to 
bone marrow oedema (0.676, p=0.032) 
and erosions scores (0.695, p=0,026) 
of the RAMRIS, and synovitis (0.854, 
p=0.002) and power Doppler scores 
(0.676, p=0.032) of the US7. Correla-
tions of the histological synovitis score 
to the US7 were largely due to correla-
tions with the synovitis subscore of the 
US7 (0.694, p=0.026).

Individual changes in 
synovial tissue analysis
Furthermore, we were interested to 
explore the possibility that histologi-
cal changes in the joint after 6 months 
relate to treatment response. In our 

criteria for a good EULAR response 
(P1, P2, and P4; Table II). Only these 
patients had declining sublining CD68 
macrophages in the control biopsy, 

not reached (χ2 test: LR 8.3, p=0.05). 
Moreover, two of the remaining pa-
tients (P6, P7) had an increase in sub-
lining CD68 macrophages and deterio-
rated in the RAMRIS score (Table II, 
Fig. 1) despite a moderate EULAR re-
sponse with a reduction of the DAS28.

Safety of MCP biopsy
Patients were followed-up for 14.4±5.6 
months. Adverse events consisted in 
light to moderate pain during the ar-
throscopy in 2 cases, temporary swell-
ing of the hand and impeded motion of 
the MCP joint for up to one week in 15 
cases. There were no serious adverse 
events (any permanent damage, dam-
age to nerves or vessels, infections, 
thrombosis, embolism). Of the 10 pa-

tients initially enrolled, 6 consented 
into a second arthroscopy, one patient 
had to be excluded due to a heart attack 
5 months after the initial arthroscopy, 
one patient was lost to follow-up, and 2 
declined a second arthroscopy, because 
they felt to be in remission. Scaring af-

and no problems were encountered 
introducing the arthroscope a second 
time into the joint.

In the current study, we demonstrate 
that established histological assess-
ments of the synovial membrane, e.g. 
sublining CD68 macrophages (3-5) 
and the synovitis score (13), as well 
as markers for vascularisation out of 
a single dominant MCP joint consist-
ently relate to the DAS28, a widely 
used score of RA disease activity, or 
the serum CRP, a marker for systemic 

true in spite of our approach to limit the 
number of synovial biopsies in order to 
preserve enough synovial membrane 
for a second analysis under therapy. 
Arthroscopical guidance of biopsies 
permitted sampling of macroscopically 

 MRI, synovial CD68 staining and EULAR response in individual patients.
Illustration of axial T1 MRI images of the hand and corresponding synovial membrane CD68 staining of one patient with a good EULAR response (P2, left 
panel: reduction in synovitis (arrow)) and a patient with only moderate response (P6, right panel: progressive erosions (arrow)) illustrating a progressive 
erosion in MRI and increasing sublining CD68 staining despite a moderate EULAR response.
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sampling errors. This was especially 
important for the second biopsy, where 
discontinuous scaring of the synovium 
was observed in all cases, possibly due 

-
ment. Thus, the singular or repeated 
collection of few targeted MCP-joint 
biopsies with initial quality control of 
HE stained sections, may represent an 
alternative to more extensive sampling 
with pooling of biopsies from larger 
joints (1, 14), and still permit an ad-
equate appraisal of overall RA disease 
activity. We are careful not to over-

patient number was limited and histo-
logical synovial markers were rather ar-
bitrarily chosen and necessarily incom-
plete, given the small sample size out of 
MCP joints. Depending on the underly-
ing question, the detection of additional 
markers such as CD4 and CD20 may 

was not possible in all patients due to 
claustrophobia. Despite the recent dem-
onstration of excellent sensitivity of low 

and the use of contrast agents have to be 
considered when interpreting this data. 
However, there are a few interesting 
implications. First, MCP biopsies may 
be used to further validate MRI or ultra-
sound technology, especially the con-
cept of “silent progression”, wherein 
patients with clinical improvement (e.g. 
DAS28) show a lack of improvement or 

-
estingly, the global sumscores used for 
the assessment of ultrasound and MRI 
in the present study related to distinct 

histological markers. This reinforces 
the hypothesis that imaging of joint in-

-
niques highlights distinct cellular or 
mechanistic aspects (16). More studies 
comparing histological data to imaging 
procedures are warranted to improve 
our interpretation of these images.
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Abstract

Background: To evaluate a combined rheumatoid arthritis magnetic resonance imaging score (RAMRIS) for hand
and foot (HaF-score) in rheumatoid arthritis (RA).

Methods: Magnetic resonance imaging (MRI, 0.2 Tesla) of the dominant hand and foot of 26 ACPA positive RA
patients before and 6 months after initiation of methotrexate was obtained. RAMRIS of the hand was
complemented by corresponding scoring of the foot (MTP I-V; HaF-score). Disease Activity Score 28 (DAS28) and a
tender and swollen joint count (JC) of the joints scored in MRI were recorded. Changes in these scores (Δ) were
assessed.

Results: ΔHaF-score correlated significantly with ΔDAS28 (r = 0.820, 95%-CI 0.633-0.916). Correlations to ΔDAS28
were best for changes in the synovitis subscore (0.648) and bone marrow edema (0.703). Correlations to ΔDAS28
were significantly better for of the ΔHaF-score than ΔRAMRIS (0.499, 0.139-0.743, p = 0.0368).
All patients with at least moderate response (EULAR criteria, n = 11) had continuing disease activity on MRI,
including five cases with new erosions, three of them at the feet. Improvements of the hand JC or foot JC were
seen in 16 and 15 cases, respectively. However, MRI of the hand or feet improved in only 10 and 9 cases,
respectively. No patient fulfilled SDAI remission criteria.

Conclusions: The HaF-score identifies patients with continuing disease activity despite clinical response that
would have been missed by consideration of the traditional RAMRIS or the DAS28 alone. Response as opposed to
remission may be an insufficient goal in RA as all patients showed continuing disease activity, especially at the feet.
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Background
Rheumatoid Arthritis (RA) is a systemic inflammatory
disease causing bone destruction and functional impair-
ment predominantly of the small joints of hands and feet
[1]. In order to impede destruction, remission became
the utmost goal in the therapy of RA [2]. Beside effective
treatment options including disease modifying anti-
rheumatic drugs (DMARD) and biologicals, effective and
sensitive tools for therapy monitoring are needed to
reach this target. In daily practice as well as in research,
therapy monitoring and response assessment are pre-
dominantly assessed by using the disease activity score
28 (DAS28) and correspondent response criteria as pro-
posed by the American College of Rheumatology and
the European League Against Rheumatism. The DAS28
comprises joints of the upper limbs, hands and the knees
[3] but completely omits the feet. However, joint damage
progression occur in patients considered to be in remis-
sion based on the DAS28, [4] especially in joints which
are not covered by the DAS28. Consequently, there is
evidence that the DAS28 might underestimate disease
activity [5]. Nevertheless Smolen et al. demonstrated
that the simplified disease activity index (SDAI), which
is based on the same 28 joints used for calculation of the
DAS28, has the highest predictive value for the develop-
ment of new erosions [6].
In addition to clinical examination, imaging such as

ultrasound and magnetic resonance imaging (MRI) play
an important role in the management of RA patients.
Although these high resolution imaging modalities are
known to confer advantages as opposed to conventional
radiographs of the hands and forefeet, the latter still
state the gold standard for long-term evaluation of bone
destruction. MRI, for instance, can depict earliest inflam-
matory joint changes such as bone marrow edema
(BME), synovitis, or pre-erosion that are not visible on
radiographs. Moreover, patients in clinical remission
may display signs of disease activity in MRI and Power
Doppler augmented ultrasound. These findings have a
potential impact on therapeutic decisions, [7,8] because
such findings were shown to provides a high predictive
value for radiographic joint destruction and prognosis.
Due to these data, MRI has become integrated part in
the assessment of RA [9,10].
The RA- MRI- Scoring (RAMRIS) system, a standard-

ized semiquantitative assessment of inflammatory soft
tissue and destructive bone alteration, facilitated the use
of MRI in outcome studies in RA [11-13]. Since most
studies used the established RAMRIS method for the
clinically dominant hand, little is known about inflam-
matory and radiomorphological changes of forefeet MRI
regarding the relation to disease activity and response to
DMARD therapy. Signs of joint inflammation of the foot
on MRI were found to be as prevalent as in the hand

[14]. They may even be present in the absence of inflam-
matory MRI findings of the clinically predominantly in-
volved hand [15] as well as in the state of remission
based on the DAS28 [16]. The latter study was the first to
deploy the established RAMRIS system to the feet and has
recently proofed to be highly reliable [17]. To our know-
ledge, there are no data available comparing the estab-
lished RAMRIS score with a combined hand and foot
score (HaF-score) for measurements of disease activity,
radiological alteration and therapy response in RA.
The purpose of this study was to evaluate and com-

pare the traditional RAMRIS of the hand with a new
combined HaF-score in terms of clinical and serological
correlation and sensitivity to change in RA patients be-
fore and after initiation of DMARD monotherapy of
methotrexate (MTX), and to analyse the advantages of
additional MR imaging of the foot.

Methods
Patients
Between November 2009 and July 2012, 26 consecutive
patients were prospectively enrolled (18 female, 8 male;
mean age 52.9, range ± 29.9 years, mean disease
duration 8 weeks (SD 4.66, range 1–18 weeks), mean
DAS28 3.5 (SD 0.78, mean CRP 0.9 mg/dl (SD 1.1))
All patients met 2010 American College of Rheumatol-
ogy/European League Against Rheumatism Rheumatoid
arthritis classification criteria [18] and were anticitrulli-
nated peptide antibodies (ACPA) positive. 25 of 26 pa-
tients were positive for rheumatoid factor (RF). The
general exclusion criteria for MRI imaging with gadolin-
ium based contrast agent, were applied. Because of the
dedicated open MRI system claustrophobia could be de-
nied. Steroids were allowed up to a dose of 7.5 mg pred-
nisolone at start and throughout the study. All patients
received methotrexate at a dose of 15 mg, which could
be taken orally or subcutaneously, conversions from oral
to subcutaneous application were allowed. The dose of
MTX was kept stable over 6 months. All patients were
naïve to DMARD treatment before inclusion into the
study and received MTX as part of standard care.
MRI of the dominant hand and foot was carried

out prior to the initiation of MTX therapy and after
6 months. Routine parameters assessed during each visit
included physical examination and routine laboratory
tests including erythrocyte sedimentation rate (ESR) and
C-reactive protein levels (CRP). This study was approved
by the local review board and informed consent was ob-
tained from all participating subjects.

Magnetic resonance imaging
MR images of hands and feet were performed achieve
most available comfort for patients in a low-field (0.2 T)
dedicated open MR system (Esoate, C-Scan, Esaote
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Biomedica Germany GmbH). A dedicated wrist and
ankle coil was used for image acquisition. The clinically
dominant hand and foot (determined by an experienced
rheumatologist) were imaged in a single session chan-
ging dedicated coil and patient position in every patient.
MRI data was obtained on two consecutive time points
(T0: prior to DMARD therapy, T1: after 6 month). The
image protocol for the hand comprised the following se-
quences: Coronal Short tau inversion recovery (STIR)
sequence with a field of view (FoV) of 180* 180 mm,
matrix size 192* 152, slice thickness 3 mm (Time to
repetition (TR) 2420 ms, echo time (TE) 26 ms, Time
to inversion (TI) 85 ms), coronal 3 dimensional T1-
weighted gradient echo sequence with a FoV of 180*
180* 60 mm, matrix size 192* 192* 40, slice thickness
1 mm (TR 50 ms, TE 16 ms) prior to and after intraven-
ous injection of contrast material (0.2 ml/kg bodyweight
of Gd-DTPA (Dotarem©, Guerbet GmbH, Germany)).
The following protocol was used for imaging of the foot:
Coronal STIR- sequence with a FoV of 190* 190 mm,
Matrix size 192* 152, slice thickness 3 mm (TR
1700 ms, TE 22 ms, TI 80 ms), coronal 3 dimensional
T1- weighted gradient echo sequence with a FoV of 180*
180* 70 mm, matrix size 192* 192* 40, slice thickness
1 mm (TR 50 ms, TE 16 ms) prior to and after intraven-
ous injection of contrast material (0.2 ml/kg bodyweight
of Gd-DTPA (Dotarem©)). The 3 dimensional T1-
weighted gradient echo sequences of the hand and foot
were additionally reconstructed in sagittal and axial
planes. The overall image acquisition time was 39 mi-
nutes (18 minutes for the hand and 21 minutes for
the foot). The plasma half-life time of Dotarem© is about
90 min. Inter-reader reliability of MRI scoring was
assessed by independent scoring of images at T0 by two
different experienced radiologists (FM and CB) blinded
to patient identity. The smalles detectable difference
(SSD) according to Lassere is reported.

Imaging data analysis
MR images were read in consensus by two board-
certified radiologists with special expertise in musculo-
skeletal MRI and trained for RAMRIS scoring. Sites
including for scoring on the hand MRI were: metacarpo-
phalangeal joints II-V (MCP), carpal bones, distal radius,
distal ulna, radiocarpal and distal radio-ulnar joint. At
the foot the metatarsophalangeal (MTP) joints I-V were
assessed. For each joint site, synovitis, BME and erosions
were semiquantitatively graded as subscores according
to the RAMRIS criteria [11]. The RAMRIS score of the
hand was calculated. A combined hand and foot score
(HaF-score) was calculated as a sum score of the RAM-
RIS and the MTP joint score including the subscores for
synovitis, BME and erosions of each joint comparable to
the calculation of the RAMRIS of the hand. The changes

in the HaF-score or RAMRIS between the T0 and T1
(Δ) were further analyzed.

Laboratory and clinical parameters
Laboratory and clinical parameters collected at baseline
and follow-up were: ESR, CRP (mg/dl), DAS28 (based
on CRP) and simplified disease activity index (SDAI). All
clinical examinations were performed by an experienced
rheumatologist. Changes of these parameters between
T0 and T1 (Δ) were further analyzed.

Ethic approval
The study was approved by the ethic committee of
the medical faculty of the Heinrich-Heine University
Duesseldorf (Study number 3226).

Statistical analysis
Baseline and follow-up characteristics are described as
proportions for categorical variables and as mean and
standard deviation (SD) for continuous variables. Re-
ported correlation coefficients are according to Spear-
man. Confidence intervals are two-sided 95% confidence
intervals. Results with p <5% are considered to be sig-
nificant. Confidence intervals for correlation coefficients
have been calculated using the Fisher transform. Test for
difference of two correlation coefficients has been ac-
complished as described previously [19]. Effect sizes are
reported as standardized response means (SRMs) and
are calculated according to Middle and van Sonderen
[20]. Statistical analyses have been performed using R
version 2.15.2 (R Development Core Team).

Results
The mean value of DAS28 decreased from T0 (prior to
MTX-therapy) to T1 (after 6 months) from 3.45 (min.
2.3; max. 4.9) to 2.9 (min. 1.8; max 4.6), the mean CRP
decreased from 0.91 mg/dl (min. 0.3; max. 5.1) to
0.59 mg/dl (min. 0.3; max. 3.0). The mean RAMRIS de-
creased from 21.81 (min 0; max 53) to 21.69 (min 0;
max 63) and the mean HaF-score from 33.58 (min 4;
max 84) to 31.08 (min 2; max. 73) after 6 months
(Table 1). ΔHaF-score showed the highest correlation
with ΔDAS28 (T1-T0) (0.820 confidence interval (CI)
0.633-0.916) followed by Δsum score foot (0.522, CI
0.168-0.756) and ΔRAMRIS of the hand (0.662, CI 0.69-
0.85) (Table 2, Figure 1). ΔHaF-score had a significantly
higher correlation to ΔDAS28 than ΔRAMRIS (p =
0.0368). Correlations of ΔHaF-score to ΔSDAI values
were overall slightly weaker (0.662 CI 0.369-0.835), with
ΔSDAI demonstrating the highest correlations to ΔHaF-
score amongst the parameters considered (Table 2). No
patients reached remission based on SDAI criteria [3].
The evaluation of changes of the considered parameters
(i.e. synovitis and BME) over time, employing the SRMs,
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showed a high effect size for the decrease of the DAS28
(−0.8188). In contrast, the effect size for the decrease in
the HaF-score was trivial (−0.13). Similarly, based on the
EULAR response criteria, eleven patients reached clin-
ical improvement with good or moderate response. In
the MRI follow-up (T1), all patients showed signs of
continuing disease activity on MRI, including all good
and moderate responder. Five of these showed actually
new erosions (Table 3).
The analysis of the different subscores of the HaF-

score with ΔDAS28 revealed that changes in synovitis
(0.648 CI 0.347-0.827) and BME (0.703 CI 0.434-0.857)
were best correlated. In comparison to the combined
HaF-score, MRI scoring for the foot alone, showed
markedly lower correlations to ΔDAS28 (Δsynovitis
0.485 (CI 0.12-0.734) and ΔBME 0.514 (CI 0.159-0.752))
(Table 4).
Next, the performance of the HaF-score against clin-

ical examination was assessed. For this purpose, all joints
considered in the HaF-score were examined on both
sides and the number of swollen joints was added to the
number of tender joints to create a sum score for the
hand (hand joint count) and the foot (foot joint count).
The hand count demonstrated worsening in six, un-
changed values in four, and an improvement in sixteen

patients. Despite improvement in the hand joint count
on clinical examination, there was no improvement of
the traditional RAMRIS in 6 of 16 patients. The foot
joint count demonstrated worsening in two, unchanged
values in nine, and an improvement in fifteen patients.
Comparable to the traditional RAMRIS, the foot sub-
score of the new HaF-score uncovered 6 out of 15 pa-
tients with unchanged values or deterioration in spite of
clinical improvement (i.e. foot joint count) (Table 5).
The pattern of inflammatory changes within the HaF-

score was assessed. Overall, foot joints were more se-
verely involved based on the MRI sum scores of syno-
vitis, erosions and BME compared to the hand. Therein,
MTP-2 was the single most affected joint. Furthermore,
scoring of the MTP-2 showed the highest mean differ-
ences between T0 and T1 (Table 6).
Finally, inter-reader reliability of MRI scoring at T0

was assessed to estimate the generalizability of HaF-
scoring. SSD were as follows: RAMRIS: 4.77, HaF score:
4.60, RAMRIS subscore hand: 2.23, RAMRIS subscore
wrist: 4.10, HaF subscore foot: 1.81. In 24 of 26 patients,
the HaF subscore for the foot differed by only 1 or less.
In addition we analysed the inter-rater agreement at T0
for the subscores Syn, Ero and BME for MCP-2 and
MTP-2 as the most frequently involved joints. SDD were
as follows for MCP-2: Ero subscore 0.91, Syn subscore
1.03. BME subscore 1.91; MTP-2: Ero subscore 0.87, Syn
subscore 1.29, BME scubscore 0.87.

Discussion
This study is the first to evaluate a combined hand and
foot MRI score (HaF-score) for monitoring RA patients
under DMARD therapy with methotrexate. A combined
assessment on hand and feet is already established for
years in the assessment of conventional radiographs
[21-23]. However, MRI offers the potential for visualiz-
ing synovitis and BME, which was repeatedly shown to
be predictive for radiologic progression [10]. Moreover,
to our knowledge, this is the first systematic report of
combined hand and foot MRI in one session in RA pa-
tients. Patients had to be summoned for examination

Table 1 Comparison of radiological, laboratory and
clinical scores at baseline and after 6 month

Score T0 (baseline) T1 (after 6 month)

Min. Mean Max. Min. Mean Max.

DAS28 2.3 3.45 4.90 1.8 2.90 4.60

SDAI 4.3 14.99 29.10 3.4 11.55 27.30

CRP 0.3 0.91 5.10 0.3 0.59 3.00

BSG 4.0 23.04 62.00 3.0 16.43 58.00

Sum score hand 0 7.59 22 0 6.385 25

Sum score wrist 0 14.27 42 0 15.31 59

Sum score foot 0 11.77 44 0 9.385 33

RAMRIS 0 21.81 53 0 21.69 63

HaF-score 4 33.58 84 2 31.08 73

Table 2 Spearman-correlation between ΔDAS28 and ΔSDAI to changes in other changes scores

Change in score
(ΔT1-T0)

Correlations between ΔDAS28 and
changes in other scores

95% confidence
interval

Correlations between ΔSDAI and
changes in other scores

95% confidence
interval

CRP 0.170 −0.232–0.523 0.316 −0.082–0.626

ESR 0.217 −0.186–0.558 0.308 −0.09–0.621

sum score hand 0.368 0.022–0.661 0.280 −0.12–0.602

sum score wrist 0.449 0.075–0.713 0.335 −0.061–0.639

sum score foot 0.522 0.168–0.756 0.544 0.199–0.769

RAMRIS* 0.499 0.139–0.743 0.338 −0.057–0.641

HaF–score* 0.820 0.633–0.916 0.662 0.369–0.835

*Significant differences between ΔRAMRIS und ΔHaF-score (p = 0.0368) in correlation to ΔDAS28.
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and received contrast agents only once, resulting in a
high patient satisfaction.
We found that the HaF-score correlated with clinical

and laboratory measures of disease activity such as
DAS28, SDAI and CRP. Analysing each component of
the HaF-score separately, we found that changes in the
HaF-score subscores for synovitis and BME, but not ero-
sions, correlated with changes of the DAS28 and SDAI
after therapy. This was also true if subscores for different
anatomic regions were assessed separately (i.e. synovitis
or BME for the hand, wrist and foot), albeit to a lesser
degree. In comparison to clinical examination of the
hand and the feet (hand and foot joint count), twelve pa-
tients with remarkable improvement in the joint counts
after six months were uncovered by worsening or un-
changed HaF-scores in MRI.
Numerous studies suggest that the DAS28 reflects

disease activity [5,24]. A potential limitation to deter-
mining disease activity by the DAS28 allone is highl-
ited by the finding of disease progression dispite
clinical improvement or remission [25,26]. Krabben
et al. have recently shown that subclinical inflamma-
tion - detected in hand and foot MRI - frequently
occurs in ACPA positive patients [27]. Moreover,
Wechalekar et al. demonstrated in a prospective
study in RA-patients after six months of DMARD
therapy DAS28 remisson rates of 30% (SDAI 28%),
wherein 43% still showed active synovitis in the fore-
foot [28]. In accordance with this finding, we

identified eleven RA patients as being in good or
moderate response, based on the EULAR response
criteria, who nevertheless showed signs of disease ac-
tivity on MRI. Five of them had new erosions – and
importantly, three of these erosions were located at
the foot. Moreover there were seven patients with an
improvement in (traditional hand) RAMRIS at T1
having new erosions, two of them in the foot. This is
reflected by the effect size changes in the HaF-score,
which were trivial while changes in DAS28 showed
large effect sizes. Similarly, patients deemed to have
improved based on the SDAI, a potentially more ac-
curate clinical compound measure for the prediction
of erosions in RA, [6] were uncovered to have con-
tinuing disease activity or deterioration based on MRI
HaF-score. Importantly, in accordance with our find-
ing that all patients had residual disease activity based
on the HaF-score, no patient in the study reached re-
mission based on SDAI criteria (SDAI < 3.3), which is

Figure 1 Scatterplot of differences: HaF-Score (left figure) and RAMRIS (right figure) vs. DAS28.

Table 3 Delta in the sum scores of the good or moderate
EULAR-responders

Sum
score

Hand Wrist Foot

Mean Range Mean Range Mean Range

Syn –2.545 –10–2 –2.545 –8–2 –3.455 –12–0

Ero 0.7273 –3–4 0.5455 –1–4 0.5455 –1–4

BME –0.8182 –5–2 0.5455 –3–5 –3.273 –14–1

Syn = Synovitis, Ero = Erosion, BME = bone marrow edema.

Table 4 Spearman-Correlation between ΔDAS28 and
synovitis-, erosion- and bone marrow edema-subscore
between T0 and T1

Score Spearman-correlation 95% confidence interval

Syn overall 0.648 0.347–0.827

Ero overall 0.125 −0.275–0.489

BME overall 0.703 0.434–0.857

Syn hand 0.487 0.123–0.736

Ero hand −0.296 −0.613–0.104

BME hand 0.238 −0.164–0.573

Syn wrist 0.349 −0.044–0.649

Ero wrist 0.286 −0.114–0.606

BME wrist 0.326 −0.071–0.633

Syn foot 0.485 0.12–0.734

Ero foot −0.282 −0.603–0.119

BME foot 0.514 0.159–0.752

Syn = Synovitis, Ero = Erosion, BME = bone marrow edema.
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currently considered to be the best predictive meas-
ure for radiological disease progression [3]. The same
was true for all patients who reached remission in
DAS28 while even all of them showed residual dis-
ease activity in the HaF-score. Hence, the current
study stresses the importance of reaching remission
rather than a moderate or good response only.
This study is limited by small patient number. Moreover,

it could be argued that a clinical compound measure in-
cluding the feet such as the DAS44 would have been more
suitable for comparison with the new HaF-score. However,
unlike the DAS44, the DAS28 is nowadays considered to
be the gold standard for determining disease activity in
RA, not only in studies, but also in clinical practice. Due
to national guidelines for the application of X-rays, which
allow routine conventional X-rays to be obtained only
once a year, a comparison between changes in MRI and
X-rays was not possible in the course of 6 months. Fur-
thermore, additional MR parameters such as scoring of
tenosynovitis might be of additional value, but were not
featured in our study.

Based on the present results, longitudinal studies with
a longer time period evaluating the potential of a com-
bined hand and foot MRI score (HaF-score) to predict
long-term radiological and functional outcomes are
clearly warranted.
There is theoretical concern that generalizability of the

HaF score may be hampered by difficulties in scoring
the foot. However, inter-reader realiability for the HaF-
score and especially the foot subscore was excellent in
the present study. Thus, the HaF may be regarded as a
reliable scoring system for the assessment of hand and
foot inflammation.

Conclusion
The HaF-score identifies patients with continuing dis-
ease activity despite clinical response that would have
been missed by consideration of the traditional RAMRIS
or the DAS28 alone. Response as opposed to remission
may be an insufficient goal in RA as all patients showed
continuing disease activity, especially at the feet.

Table 5 Comparison between ΔRAMRIS of the hand (a) and the foot (b) and corresponding changes in total tender
joint (TJ) and swollen joint (SJ) count

Differences in hand TJ-SJ count (T1-T0)

Improved Equal Worse

Improved 10 1 0

ΔRAMRIS of the hand (T1-T0) Equal 2 2 3

Worse 4 1 3

Differences in hand TJ-SJ count (T1-T0)

Improved Equal Worse

Improved 9 2 0

ΔRAMRIS of the foot (T1-T0) Equal 2 6 0

Worse 4 1 2

Table 6 Most frequently affected joints

Affected joint Number of patients with
Syn, Ero or BME at T0

Overall sumscore T0 Number of patients with Syn,
Ero or BME at T02

Overall sumscore T1 Overall difference
in the sum score

MCP2 19 63 17 56 −7

MCP3 20 52 17 44 −8

MCP4 14 28 15 23 −5

MCP5 18 53 16 43 −10

MTP1 18 67 16 63 −4

MTP2 15 68 12 48 −20

MTP3 15 67 12 52 −15

MTP4 16 57 11 46 −11

MTP5 13 47 13 35 −12

MCP =metacarpophalangeal joints, MTP =metatarsophalangeal joints.
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Dynamic contrast-enhanced magnetic resonance
imaging of metacarpophalangeal joints reflects
histological signs of synovitis in rheumatoid
arthritis
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Abstract

Introduction: Synovial inflammation and joint destruction in rheumatoid arthritis (RA) may progress despite clinical
remission. Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) is increasingly used to detect
synovial inflammation in RA. Although small joints such as metacarpophalangeal (MCP) joints are mainly affected by
RA, MRI findings have never been directly compared to histological synovitis in MCP synovial tissue. The objective
of the current study was therefore to analyse if DCE-MRI relates to histological signs of synovitis small RA joints.

Methods: In 9 RA patients, DCE-MRI (3 Tesla, dynamic 2D T1 weighted turbo-flash sequence) of the hand was
performed prior to arthroscopically-guided synovial biopsies from the second MCP of the imaged hand. Maximum
enhancement (ME), rate of early enhancement, and maximum rate of enhancement were assessed in the MCP.
Synovial biopsies were stained for determination of sublining CD68 and the Synovitis Score. Correlations between
MRI and histological data were calculated according to Spearman.

Results: ME of the MCP significantly correlated to sublining CD68 staining (r = 0.750, P = 0.02), the Synovitis
Score (r = 0.743, P = 0.02), and the subscores for lining layer hypertrophy (r = 0.789, P = 0.01) and cellular density
(r = 0.842; P = 0.004).

Conclusions: Perfusion imaging of synovial tissue in RA finger joints employing DCE-MRI reflects histological
synovial inflammation. According to our study, ME is the most closely associated parameter amongst the measures
considered.

Introduction
Rheumatoid arthritis (RA) is a debilitating disease cha-
racterized by chronic inflammation and proliferation of
synovial tissue with subsequent destruction of cartilage
and bone [1]. The target of modern therapeutic strate-
gies consists of complete remission, which is commonly
identified based on clinical grounds in conjunction with
inflammatory markers such as C-reactive protein [2].
However, joint destruction may progress in patients thus
considered to be in remission [3,4]. Hence, additional

tools are needed to directly assess synovitis and cartilage
destruction. Magnetic resonance imaging (MRI) is in-
creasingly used for this purpose [5]. In particular, syno-
vitis in MRI has been shown to relate to the histological
degree of synovial inflammation in human RA [6,7] and
arthritis models [8,9]. Generally, most correlative studies
on MRI and synovial histology in RA were performed on
large joints, especially knee joints [6,7], due to more eas-
ily accessible synovial tissue [10,11]. These findings are
commonly extrapolated when MRI findings of small
joints are assessed that are predominantly involved in
RA, particularly in early disease states [12]. Data vali-
dating MRI findings by synovial histology of metacarpo-
phalangeal (MCP) joints are so far scarce: gadolinium
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enhancement in synovial tissue correlated with ma-
croscopic findings of hyperemia and vascularity, but
synovial biopsies were not systematically assessed [13].
Data on dynamic MRI of MCP joints and corresponding
histological findings are lacking. In the current study, we
performed contrast-enhanced dynamic MRI of the hand
with determination of perfusion parameters of synovial
tissue of the MCP2 joint prior to arthroscopically guided
synovial sampling of the same joint with histological
analysis of synovial inflammation, with the aim to cor-
relate dynamic MRI to histological synovitis.

Methods
Patients and synovial sampling
Nine patients with RA based on 2010 American College of
Rheumatology/European League Against Rheumatism cri-
teria with a 28-joint disease activity score (DAS28) >3.2,
who required initiation of disease-modifying antirheumatic
drug therapy (three patients, methotrexate) or a switch
of medication (patients with methotrexate additionally
received adalimumab (four patients), tocilizumab (one
patient), or rituximab (one patient)) and gave their full
informed written consent, were recruited into the study.
After clinical examination (including DAS28, patient-
reported ratings on 10-point scales for pain of the domin-
ant MCP2 joint and global well-being, physician-rated 68-
tender and swollen joint count), all patients received MRI
of the more severely affected hand up to 1 week prior to
arthroscopy-guided synovial sampling as described previ-
ously [10]. A total of six synovial biopsies were obtained
from each patient under visual control from macroscopic-
ally inflamed areas and were snap frozen in Tissue-Tek
(Sakura Finetek Germany, Staufen, Germany). The study
was conducted according to the principles expressed in
the Declaration of Helsinki and was approved by the eth-
ics committee of the Medical Faculty of Heinrich-Heine-
University (study number 3390).

Histological assessment of synovitis
The work-up and scoring of tissue sections was carried
out in a blinded fashion as described previously [10].
Briefly, 3 to 5 μm sections were prepared from snap-
frozen synovial tissue, hematoxylin and eosion stained
(Merck, Darmstadt, Germany) and evaluated prior to im-
munohistochemical staining of parallel sections of a suit-
able biopsy including a lining layer with a monoclonal
mouse anti-CD68 antibody (Dako, Glostrup, Denmark).
Hematoxylin and eosion -stained sections were used for de-
termination of the synovitis score according to Krenn and
colleagues [14], which is a semiquantitative four-point sum
scale considering lining layer hypertrophy, inflammatory in-
filtrate, and density of resident cells. For scoring of sublin-
ing CD68 staining, images were photographed at 100×
magnification (Axioskop 2 plus; Carl Zeiss, Jena, Germany;

and Nikon DS Vi 1; Nikon, Düsseldorf, Germany) and
stored in TIF format (resolution of 1,600 × 1,200). ImageJ
software [15] was used to select the sublining layer, and the
image was thresholded to highlight the stained areas but
not the respective isotype controls. The stained area was
calculated as a fraction of the selected region.

Magnetic resonance imaging
MRI was performed on a 3 T MRI system (Magnetom Trio;
Siemens Healthcare, Erlangen, Germany). Perfusion im-
aging (dynamic contrast-enhanced MRI) was acquired
with a dynamic two-dimensional T1-weighted turbo-flash
sequence. Twenty seconds after the beginning of the
sequence, the contrast agent Magnevist® (Gd-DTPA, Bayer
Healthcare, Leverkusen, Germany) was injected at a dosage
of 0.4 ml/kg body weight. The acquisition parameters of the
dynamic contrast-enhanced MRI sequence were: repetition
time = 333 milliseconds, echo time = 1.46 milliseconds,
acquisition time per scan acquisition time = 1.7 seconds,
flip angle = 8°, field of view = 120 × 120 mm, 200 dynamical
images and five acquired slices with a slice thickness of 4mm.
Perfusion analysis in MCP joint synovial tissue was

assessed using semiquantitative analysis parameters cal-
culated with T-One weighted Perfusion imaging Param-
eter CAlculation Toolkit software (TOPPCAT, Daniel P.
Barboriak, Duke University School of Medicine, Durham,
North Carolina, USA). In definite region of interest
TOPPCAT analyses, the mean signal intensity (S(t)) over
time was employed to calculate the maximum level of syn-
ovial enhancement (ME), the maximum rate of enhance-
ment (MV) per second, and the rate of early enhancement
(REE) 17 seconds after onset of synovial enhancement
using the formulas:

ME ¼ maximum S tð Þð Þ − minimum S tð Þð Þ
MV ¼ maximum S iþ 1ð Þ − S i – 1ð Þð Þ = t iþ 1ð Þ − t i – 1ð Þð Þ

REE ¼ S2 –Sið Þ= Si � 17 secondsð Þ � 100%

where Si is the signal intensity at time point ti, S1 is the
signal intensity at onset of synovial enhancement, and
S2 is the signal intensity 17 seconds after onset of syn-
ovial enhancement. In our study, REE was calculated
17 seconds after onset of synovial enhancement because
we acquired a dynamic image every 1.7 seconds. Thus,
we used the first 10 breakpoints for REE calculation. In
all patients, the region of interest was defined as the
anatomical area corresponding to the synovial mem-
brane based on contrast-enhanced T1 images.

Statistical analysis
Correlations between MRI parameters (ME, REE, MV)
and parameters of histological synovitis (Synovitis Score,
sublining CD68 staining) or clinical data were calculated
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according to Spearman. P <0.05 was considered significant.
SPSS 22 (IBM, Armonk, NY, USA) was used for analyses.

Results
Nine patients (seven female, two male, age 57.5 ±
14.3 years) were recruited, all of whom adhered to the
study protocol. Mean DAS28 at inclusion was 5.4 (range
3.5 to 7.4). In the follow-up, there were no severe
adverse events within 6 months such as any permanent
tissue damage, damage to nerves or vessels, infections,
thrombosis, or embolisms following arthroscopy of the
MCP2 joint. The median histologic Synovitis Score was
6 (range 1 to 9), corresponding to a high-grade synovitis
(score >4 [14]) in seven of nine patients.
Next, we compared dynamic MRI findings with cli-

nical characteristics of the patients. Patient-rated pain of
the MCP2 joint on a 10-point scale correlated very
strongly with ME (r = 0.848, P <0.005), and to a some-
what lesser extent with REE (r = 0.681, P = 0.04) and
MV (r = 0.695, P = 0.04). No correlations were noted

between the MRI parameters of the MCP2 and the glo-
bal patient assessment on a 10-point scale, total tender
or swollen joint count. Furthermore, a nonsignificant
correlation between the DAS28 and ME (r = 0.661,
P = 0.053) was noted.
Finally, dynamic MRI parameters were compared with

histological signs of synovitis by correlation analysis. As
can be seen in Table 1 and is exemplified in Figure 1,
strong correlations between ME and several histological
measures of synovitis were present. No such correlations
were found for either REE or MV.

Discussion
Recent developments in MRI technology are increasingly
used to visualize all anatomical components of joints in
RA down to a molecular level and permit functional im-
aging; for example, the assessment of synovial perfusion
[16,17]. Findings such as bone marrow edema have
prognostic value for future erosive disease [18]. Many
of these findings have been validated on histological

Table 1 Correlation between dynamic MRI and histological signs of synovitis in MCP2 joints according to Spearman

ME REE MV

Synovitis Scorea 0.743 (P = 0.02) 0.228 (P = 0.56) 0.270 (P = 0.48)

Lining layer hypertrophy 0.789 (P = 0.01) 0.177 (P = 0.65) 0.346 (P = 0.36)

Inflammatory infiltrate 0.249 (P = 0.52) 0.053 (P = 0.89) −0.107 (P = 0.78)

Cellular density 0.842 (P = 0.004) 0.408 (P = 0.28) 0.461 (P = 0.21)

Sublining CD68 0.750 (P = 0.02) 0.450 (P = 0.22) 0.567 (P = 0.11)

Significant results in bold. MCP, metacarpophalangeal; ME, maximum synovial enhancement; MRI, magnetic resonance imaging; MV maximum enhancement
velocity; REE, rate of early enhancement. aSynovitis Score according to Krenn and colleagues [14].

Figure 1 Contrast-enhanced T1-weighted magnetic resonance imaging of metacarpophalangeal (MCP) joints 2 and 3 and maximum
synovial enhancement of MCP 2. Illustration of contrast-enhanced T1-weighted magnetic resonance imaging of metacarpophalangeal joint 2 and joint
3 (CE-MRI T1), fusion image of CE-MRI T1 and maximum synovial enhancement of MCP 2 measured by dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI), and histological samples from the imaged joint stained with hematoxylin and eosion (HE) or immunohistochemical staining for
macrophages (CD68). Patient with (A) a high degree of synovitis and (B) a low degree of synovitis. Red corresponds to a high maximum enhancement.
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specimens, such as bone marrow edema and erosions
[19,20], or synovial contrast enhancement and synovitis
[6,7,9]. These studies have been performed in animal
models or knee joints. However, RA has a predilection
for small joints such as the MCP joints. Owing to a lack
of other data, the validity of MRI findings of synovitis
was hitherto extrapolated from large to small joints
based on the abovementioned pioneering works. In the
present study, we demonstrate that synovitis of MCP
joints measured by ME on dynamic MRI strongly corre-
lates to histological inflammation within the same joint.
Besides conventional histological criteria, this finding ex-
tends to sublining CD68 staining, which is considered
one of the best histological markers for disease activity
in RA by many experts [21]. These data underscore the
validity of dynamic contrast-enhanced MRI for the as-
sessment of the degree of synovitis in small joints.
There are some limitations to this study. The small

sample size is due to the invasiveness of the arthroscopic
procedure and the resultant effort to keep the number
of patients as small as possible with respect to the aim
of the study. In spite of this, significant and consistent
results were obtained. Moreover, additional synovial pa-
rameters could have been assessed such as markers of
diverse cell populations and adhesion molecules. However,
biopsies of MCP joints did not yield material in sufficient
quality for multiple analyses in all cases. Of note, we ap-
plied a comparatively high dose of the contrast agent
Magnevist® according to a standardized RA study protocol
in our facility, which theoretically permits additional ana-
lyses such as delayed gadolinium-enhanced MRI [17].

Conclusion
ME measured by dynamic MRI reflects histologic syno-
vitis and may replace invasive sampling of synovial tissue
in larger studies for the assessment of the degree of
synovitis of small joints such as MCP. Our findings
strongly support the use of dynamic MRI to assess syno-
vitis in small joints of RA patients in a clinical setting.
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Comparison of Quantitative and Semiquantitative Dynamic
Contrast-Enhanced MRI With Respect to Their Correlation to

Delayed Gadolinium-Enhanced MRI of the Cartilage in
Patients With Early Rheumatoid Arthritis

Anja Müller-Lutz, PhD,* Christoph Schleich, MD,* Philipp Sewerin, MD,† Janina Groß, BSc,*
Gael Pentang, Msc,* Hans-Jörg Wittsack, PD,* Gerald Antoch, MD,* Matthias Schneider, MD, DDS, PhD,†

Benedikt Ostendorf, PD,† and Falk Miese, PD*

Objective: The objective of this study was to investigate the correlation
between semiquantitative and quantitative dynamic contrast-enhanced
(DCE) parameters with delayed gadolinium-enhanced magnetic resonance
imaging (MRI) of the cartilage (dGEMRIC).
Methods: Fifteen patients with early rheumatoid arthritis (RA) from the
ArthroMark cohort were investigated at a 3-T MRI scanner. The metacarpo-
phalangeal (MCP) joint of the index finger was examined with DCE-MRI
and dGEMRIC. Semiquantitative and quantitative DCE perfusion param-
eters were calculated. The RA MRI score of the second MCP joint and
the joint space width were measured.
Results: Significant correlations were noted between both semiquantita-
tive and quantitative DCE parameters and the RA MRI score of the second
MCP joint. There was a significant negative correlation between DCE pa-
rameters and dGEMRIC. No association between joint space width and
DCE parameters was observed.
Conclusions: Semiquantitative and quantitative analyses of perfusion
are applicable to show that cartilage damage correlates with the inflamma-
tion activity despite the absence of joint space narrowing.

Key Words: quantitative and semiquantitative DCE-MRI,
dGEMRIC, cartilage damage, inflammation activity, early rheumatoid
arthritis
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R heumatoid arthritis (RA) is a chronic autoimmune disease caus-
ing inflammation and proliferation of the synovial membrane,

bone erosions, bonemarrowedema, and damage of tendons,menisci,
and cartilage.1–3 In particular, synovitis has been demonstrated
to be associated with cartilage destruction.4 Recently, early RAwas
reported to be associated with a loss of glycosaminoglycans (GAGs)
in the absence of joint space narrowing.3 However, changes in carti-
lage composition were also detectible in the absence of any in-
flammatory changes.3

On the other hand, it would be of interest if this loss of GAG
is associated with the severity of inflammation in RA patients.

Different methods have been introduced for the biochemical
assessment of cartilage composition including sodium imaging,
GAG chemical exchange saturation transfer imaging, and delayed
gadolinium-enhanced magnetic resonance imaging (MRI) of the
cartilage (dGEMRIC).3,5–8 Of these techniques, dGEMRIC has

proven sensitivity to cartilage destruction in RA, and its applica-
bility to assess glycosaminoglycans in small joints has been
previously reported.3,6,9,10

The OutcomeMeasures in RAClinical Trials group with the
RA MRI score (RAMRIS) established a semiquantitative rating
of the severity of synovitis, bone marrow edema, and erosions in
the hand and wrist joints.11 In the past, cartilage composition
has been compared with the RAMRIS scoring.4 A strong correla-
tion between the degree of osteistis as well as synovitis with low
dGEMRIC and high T2 values has been reported.4 In their study,
synovitis severity was assessed on a semiquantitative level. Aval-
idated method for the estimation of synovitis is dynamic contrast-
enchanced (DCE) MRI with its proven feasibility to describe the
disease activity in RA patients.12–15 Furthermore, DCE-MRI is
an established tool for the assessment of therapeutic response.13,16

Perfusion parameters delivered byDCE-MRI can be investigated in
semiquantitative and quantitative manner. The estimation of quan-
titative parameters can be performed by the Tofts model, which has
become a standard for the analysis of DCE-MRI.17,18 The Tofts
model considers the blood plasma and the extracellular extravas-
cular space as 2 compartments and provides information regard-
ing the distribution of contrast agent across these 2 spaces to
quantify the tissue perfusion.

To investigate the relation between synovitis and cartilage de-
generation in patients with early RA, the correlation between DCE-
MRI parameters and dGEMRIC was tested in the present study.

MATERIALS AND METHODS
The study was approved by the local ethics committee, and

written informed consent was obtained from all patients before
the MRI examination.

Patients
Metacarpophalangeal (MCP) joints of the index finger of

15 patients with early RA from the ArthroMark study cohort (13 fe-
males, 5 males; age, 55 [10] years) were investigated. All patients
fulfilled the 2010 American College of Rheumatology/European
League Against Rheumatism RA classification criteria.19 Early
RAwas classified as disease duration shorter than 6 months.

Data Acquisition
The MRI data were acquired on a whole-body 3-T MRI

scanner (Magnetom Trio A Tim System; Siemens Healthcare,
Erlangen, Germany). At first, the imaging protocol for estimation
of inflammation was performed using a 4-channel flex coil. After
a 40-minute delay, the dGEMRIC protocol was acquired using
two 4-mm loop surface coils placed above and beneath the finger
joint. Because of the coil sensitivity, only the second MCP
(MCP2) joint was evaluated.
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DCE-MRI Protocol
Before contrast media application, a coronal short tau inver-

sion recovery (STIR) and T1-weighted turbo spin echo (TSE)
sequence as well as a T1 weighted 3D fast low angle shot (T1w-
3D-FLASH) sequence for T1 mapping using a dual flip-angle
approach were acquired. The parameters of the coronal STIR
sequence were as follows: repetition time (TR), 5560 milliseconds;
echo time (TE), 31 milliseconds; flip angle, 120 degrees; field of
view (FOV), 120 mm � 120 mm; and slice thickness, 2.5 mm.
The parameters of the coronal T1-weighted TSE sequence were
as follows: TR, 860 milliseconds; TE, 25 milliseconds; flip angle,
150 degrees; FOV, 120 mm� 120 mm; and slice thickness, 2.5 mm.
The parameters of the T1w-3D-FLASH sequence were as follows:
TR, 15 milliseconds; TE, 1.44 milliseconds; flip angles, 5 and
26 degrees, FOV, 160 mm� 160 mm; and slice thickness, 3 mm.
Afterwards, perfusion imaging was acquired with a dynamic
2-dimensional T1-weighted turbo flash sequence. Twenty seconds
after the beginning of the sequence, the contrast agent Magnevist
(Gd-DTPA) was injected with a dose of 0.4 mL/kg body weight.
The acquisition parameters of the DCE-MRI sequence were as
follows: TR, 333 milliseconds; TE, 1.46 milliseconds; acquisition
time per scan time of acquisition, 1.7 s; flip angle, 8 degrees; FOV,
120 mm� 120 mm; 200 dynamical images; and 5 acquired slices
with a slice thickness of 4 mm. Thereafter, a coronal TSE and a
transversal spin echo sequence with fat suppression were applied.
The sequence parameters of the coronal TSE sequence were as
follows: TR, 120mm; TE, 25 milliseconds; flip angle, 150 degrees;
FOV, 120 mm � 120 mm; and slice thickness, 2.5 mm. The
sequence parameters of the transversal spin echo sequence were
as follows: TR, 765 milliseconds; TE, 12 milliseconds; flip
angles, 90 and 120 degrees; FOV, 120 mm � 60 mm; and slice
thickness, 2.5 mm.

The coronal STIR sequence, coronal T1-weighted TSE se-
quence before and after contrast agent injection, and the spin echo
sequence with fat suppression were used to determine
RAMRISMCP2 (RAMRIS of the MCP joint of the index finger).
In this study, images were evaluated for the synovitis subscore
(grade 0-3). Bone marrow edema (grade 0-3) and erosions (grade
0-10) according to the RAMRIS guidelines were not evaluated.

dGEMRIC Protocol
After a 40-minute delay, the dGEMRIC imaging sequence

was applied using a dual flip-angle approach for T1 estimation.
The sequence parameters were as follows: TR, 15 milliseconds;
TE, 3.34milliseconds; flip angles, 5 and 26 degrees; FOV, 90mm�
53 mm; and slice thickness, 2 mm.

Data Analysis
Perfusion in the MCP joint of the index finger was evaluated

using semiquantitative as well as quantitative analysis using the soft-
ware The DCE Tool (The DCE Tool for ClearCanvas 2.0 SP1,
http://thedcetool.com). This tool is a Matlab-based plug-in for the
open source PACS ClearCanvas workstation. The quantitative
perfusion analysis of this program is based on the standard Tofts
model.20 For perfusion analysis, knowledge of the native T1 time
is necessary. The variable flip angle T1w-3D-FLASH sequence
was used for a pixel-based T1 calculation using the formula

T1 x; y; zð Þ ¼ TR

1n sin α1ð Þ cosα2Þ−Q x;y;zð Þ sin α2ð Þ cos α1ð Þ
sin α1ð Þ−Q x;y;zð Þ sin α2ð Þ

h i

where

Q x; y; zð Þ ¼ Sα1 x; y; zð Þ
Sα2 x; y; zð Þ

and Sα1(x,y,z) and Sα2(x,y,z) are the pixel intensities correspond-
ing to the 2 flip angles α1 and α2. This time was further used for
semiquantitative and quantitative perfusion analysis.

A region of interest (ROI)–based perfusion analysis was per-
formed. Two ROIs were placed on the ulnar and radial side of the
MCP joint. The measured signal intensities were used to calculate
the concentration time curve in the respective ROI using the
formula CGD tð Þ ¼ S tð Þ− S0

S0T10R
, where T10 is the native T1 time, R =

4.5 s−1mM−1 is the relaxivity of the contrast agent, S0 is the aver-
age signal intensity in the ROI in the absence of contrast agent,
and S is the average signal intensity in the ROI.

Five parameters, 3 semiquantitative and 2 quantitative pa-
rameters, were evaluated by The DCE Tool. These parameters
are listed and described in Table 1.

The MCP-dGEMRIC indices of the index finger of each pa-
tient reflect the T1 time after contrast agent application. The
dGEMRIC indices were determined as described elsewhere.9 In
addition, the joint space width (JSW) was determined for each pa-
tient on the T1-weighted images of the dGEMRIC protocol. The
distance between MCP head and the basis of proximal phalanx
in the joint space was measured.

TABLE 1. Perfusion Parameter and Description Evaluated by
The DCE Tool

Parameter Description

Quantitative
parameters

KTrans Transfer constant between
blood plasma and EES

kep Rate constant; Ktrans/ve
where ve is the relative
volume of the EES

Semiquantitative
parameters

IAUC Integral of the signal
curve over a time tIAUC
starting at the onset time
of the bolus tonset; tIAUC
was set to 60 s (default
value in The DCE tool)

Initial slope Slope of the signal curve
determined by linear
regression within the
first few seconds of t
after tonset; here, 17 s
were used for t

Peak Maximal signal
enhancement

IAUC, initial area under the curve.

TABLE 2. Mean (SD) of JSW, RAMRIS Score, dGEMRIC Index,
KTrans, kep, IAUC, Initial Slope, and Peak

Parameter Mean (SD)

JSW, mm 1.18 (0.19)
RAMRIS score 2.5 (1.8)
dGEMRIC index, ms 353.5 (83.9)
KTrans, mL/g per min 0.16 (0.13)
Kep, 1/min 0.25 (0.16)
IAUC, mM/L per s 8.95 (6.71)
Initial slope, mM/L per s 0.00778 (0.00781)
Peak, mM/L per s 0.33 (0.16)

J Comput Assist Tomogr • Volume 39, Number 1, January/February 2015 Quantitative and Semiquantitative DCE-MRI

© 2015 Wolters Kluwer Health, Inc. All rights reserved. www.jcat.org 65

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.



Statistics
Correlation analysis was performed between each semi-

quantitative and quantitative perfusion parameter, the dGEMRIC
index, RAMRISMCP2, and JSW using the Spearman correlation
coefficient ρ. Regression lines were determined in case of signif-
icant correlation.

RESULTS
Table 2 provides the mean (SD) of JSW, RAMRISMCP2,

dGEMRIC index, and the semiquantitative and quantitative per-
fusion parameters of the MCP joint of the index finger averaged
over all patients with early RA.

The correlation coefficients between all perfusion parameters
and JSW, RAMRISMCP2, and dGEMRIC index are summarized

in Table 3. No significant correlations were noted between
any perfusion parameters and JSW, whereas significant posi-
tive correlations were seen between all perfusion parameters
and RAMRISMCP2. Significant negative correlations were ob-
served between all perfusion parameters except kep and the
dGEMRIC index.

The dGEMRIC and perfusion maps are shown exemplarily
in 2 patients (Figs. 1, 2).

These figures substantiate the negative correlation between
dGEMRIC and perfusion.

The correlation between the semiquantitative parameter peak
andRAMRISMCP2 and dGEMRIC is displayed in Figure 3 thus visu-
alizing the significant positive correlation between RAMRISMCP2

and the semiquantitative parameter peak as well as the negative
correlation between dGEMRIC and the parameter peak.

TABLE 3. Correlation BetweenQuantitative and Semiquantitative Perfusion Parameters and JSW, RAMRIS Score, and dGEMRIC Index

KTrans, mL/g per min Kep, 1/min IAUC, mM/L per s Initial Slope, mM/L per s Peak, mM/L per s

ρ P ρ P ρ P ρ P ρ P

JSW, mm 0.20 0.46 0.22 0.44 0.26 0.35 0.27 0.34 0.28 0.31
RAMRIS score 0.85 <0.01 0.62 0.01 0.86 <0.01 0.86 <0.01 0.75 <0.01
dGEMRIC index −0.75 <0.01 −0.50 0.06 −0.71 <0.01 −0.66 <0.01 −0.70 <0.01

FIGURE 1. High-resolution dGEMRIC maps in 2 patients with early RA. Higher dGEMRIC values were obtained in the patient data on the
left compared with the patient data on the right. This might indicate lower cartilage destruction in the patient on the left. Figure 1 can be
viewed online in color at www.jcat.org.

FIGURE 2. High-resolution perfusion maps by means of the parameter peak (mM/L per second). Low peak values were obtained in
the patient on the left, whereas high values are obtained in the patient on the right. This might indicate a higher severity of synovitis in the
patient on the right. Figure 2 can be viewed online in color at www.jcat.org.
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FIGURE 3. The correlation between the perfusion parameter peak and RAMRISMCP2 (A) and dGEMRIC (B) is displayed. Regression lines were
determined. A significant positive correlation was noted between RAMRIS and the perfusion parameter peak, whereas a significant
negative correlation was present between dGEMRIC and peak.

FIGURE 4. The correlation between the perfusion parameter KTrans and RAMRISMCP2 (A) and dGEMRIC (B) is displayed. Regression lines were
determined. A significant positive correlation was noted between RAMISMCP2 and the perfusion parameter KTrans, whereas a significant
negative correlation was present between dGEMRIC and KTrans.
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The correlation between the quantitative parameter peak and
JSW, RAMRISMCP2, and dGEMRIC is displayed in Figure 4 thus
demonstrating the positive correlation between RAMRISMCP2

and KTrans as well as the negative correlation between dGEMRIC
and KTrans.

DISCUSSION
The results showed a significant positive correlation between

all investigated perfusion parameters and RAMRISMCP2 and a sig-
nificant negative correlation between most perfusion parameters
and dGEMRIC. This might indicate an association between syno-
vitis severity and cartilage damage in patients with early RA. In
an earlier study by Herz et al4 an associated correlation between
the RAMRIS synovitis score and dGEMRIC was noted in the MCP
joints of patients with RA. In contrast to that study, we assessed sy-
novitis with RAMRIS as well as DCE-MRI. This enables the quan-
titative measure of synovitis. In addition, we investigated patients
with early RA before disease modifying treatment. The correla-
tion between perfusion and dGEMRIC might indicate a potential
correlation between synovitis severity and cartilage destruction at
this early stage of disease.

A correlation between DCE-MRI and RAMRIS scoring has
been shown in previous studies.21,22 For example, Wojciechowski
et al22 showed a significant correlation between RAMRIS score
and the number of enhancing pixels in DCE-MRI images in the
wrist of 59 RA patients. Our study corroborates the correlation of
RAMRIS and DCE and extends these findings to the finger joints.

The rate of diffusion depends on several factors including the
vascularization of a joint, the rate of blood flow to the synovia, and
wrist or finger motion. The state of equilibrium is reached faster in
the small joints of the hand in comparison to large joints.23 The
change of signal intensity over time produces an S-shaped curve.
This time, intensity curve can be used to measure the early en-
hancement rate (EER), relative enhancement, maximum enhance-
ment, and late or static enhancement. The initial phase of the
dynamic series can be used to evaluate the degree of synovial in-
flammation and disease activity of RA. It reflects the perfusion
and permeability of the synovial tissue. Early enhancement rate
is an early postcontrast measurement and is highly validated in
several studies that have illustrated a high correlation with histo-
logical criteria.2,12,24,25 In addition, EER demonstrated a good
correlation with vascularity and capillary permeability that are
up-regulated in RA.2 Early enhancement rate has also been shown
to correlate with erosions, pain, progression of erosions, and ef-
fectiveness of treatment in RA.1,26 The maximum slope and rela-
tive enhancement (baseline signal subtracted from maximum
increase) give information about the spread and degree of inflam-
mation in joint. Relative enhancement seems to overestimate the
degree of synovitis and thus is not the perfect parameter as a pre-
dictor for synovitis grading in RA.27,28 Maximum enhancement
and EER are comparable with our semiquantitative parameters
peak and initial slope as far as differences in technical settings
of dynamic MRI are taken into account.

KTrans analyzes the movement of contrast agent from the
plasma to the extravascular extracellular space (EES) and is a pa-
rameter for vascularity and capillary permeability and thus may be
sensitive to changes in inflammatory activity.17 Depending on the
software used for Toft’s calculation, it is possible to receive differ-
ent values for KTrans. This makes it difficult to compare the results
of different studies.14

The present study has some limitations. Because of the small
patient collective, this study has the character of a preliminary re-
port, and further longitudinal studies aiming at evaluating follow-
ups are needed. A further limitation is the absence of synovial

and cartilage biopsy as a criterion standard of synovitis severity
and cartilage composition.

In summary, our data indicate a strong relation between bio-
chemical changes in articular cartilage measured by dGEMRIC
and the degree of inflammation of the synovial membrane mea-
sured by DCE-MRI in patients with early RA. Semiquantitative
and quantitative analyses of perfusion are applicable to detect
this correlation.
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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.

Keywords MRI . dGEMRIC . Rheumatoid arthritis .

Inflammation

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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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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Rheumatoid arthritis (RA) is, next to 
gout and psoriatic arthritis, one of the 

diseases with a worldwide prevalence 
of 0.5–0.8% (1, 2). 
Untreated RA leads to chronic joint in-

disability due to swelling and joint muti-
lation (2, 3). To achieve a better outcome 
an early diagnosis and therapy with anti-
rheumatic drugs aiming at the induction 
of disease remission is required  (1, 4). 
Magnetic resonance imaging (MRI) 
is a useful tool in detecting changes 
relating to RA, due to its high sensi-

bone destruction (5). In 2003 the Out-
come Measures 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 oedema and 
erosions in hand (metacarpophalangeal 
joints) and wrist joints (6). The RAM-
RIS system has been shown to be a sen-
sitive tool for the evaluation of therapy 
response in RA patients (7, 8). General-
ly, the RAMRIS score and clinical and 
serological disease activity parameters 
show a similar tendency (9). But a re-
cent more detailed analysis on the con-
nection between the individual changes 
of RAMRIS levels and the change of 
the well-established disease activity 
score for 28 joints (DAS28) and C-
reactive protein (CRP) levels on the 
other hand by Emery and colleagues 
indicated only a weak correlation (10). 
The authors of the study interpreted 
this lack of correlation as an effect 
of the superior sensitivity of MRI for 

-
sessment and serological parameters. 
Semi-quantitative, structured evalu-
ation of hand-MRI using the RAM-
RIS system is a widely accepted and 
validated parameter in MRI-controlled 
clinical trials in RA (9, 11, 12). The 
RAMRIS criteria propose a sum-score 
of 23 joint sites of the hand (metacar-
pophalangeal joints 2–5, carpo-meta-
carpophalangeal joints 1–5, intercar-
pal joints, radiocarpal and radioulnar 
joints), yielding the sum of individual 
joints subscore for synovitis (grade: 

0–3), bone marrow oedema (BME; 
grade: 0-3) and erosions (grade: 0–10). 
Especially in clinical studies enroll-
ing large numbers of patients receiv-
ing MRI on multiple time-points (e.g. 
before and after treatment) this evalu-
ation is time consuming (13) and a re-
source saving short score may facilitate 
the use of MRI, provided it offers equal 
sensitivity to determine changes after 
therapy (diagnostic performance). The 
aim of this study was to assess an ab-
breviated RAMRIS measurement en-
compassing 5 frequently affected joint 
sites, the RAMRIS5 score.

Ethics committee vote; trial num. 3226.
After institutional review board ap-
proval, the datasets of 94 RA patients 
[62 female; age 59±12 years, range 
25-83 years; disease duration 60±90 

-
tile: 7 months, third quartile: 66 months, 
range 3 weeks - 44 years)] from the 
REMISSION PLUS study cohort (14) 
recruited from a single centre were ret-
rospectively included in this study. All 

College of Rheumatology/European 
League Against Rheumatism Rheuma-

16). Baseline and follow-up MRI scans 
were acquired of the clinically dominant 
hand and wrist. Follow-up MRI was 
performed approximately 12 months 
(12.5±3.5 months) after the baseline 
scan. The DAS 28 (CRP included) was 
documented at both examination dates 
by an experienced rheumatologist (16). 
All patients received disease-modifying 
anti-rheumatic drugs (DMARD), either 
methotrexate/15 mg (oral)/weekly or 
sulfasalazine (2000mg/d)). Concomi-
tant prednisolone was allowed up to a 

MR imaging
MR imaging of the clinically dominant 
hand and wrist was performed using 
an open, extremity MR-System with a 

Genova Italy). The system provides 
the most available comfort for patients 
with RA, resulting in a higher subjec-
tive acceptability of MRI examina-
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tions (17). The imaging protocol met 
the OMERACT recommendations (6, 
18) and included pre- and post-contrast 
(intravenous injection of a standard 
dose of 0.2 ml/kg bodyweight of Gad-
olinium-based MRI contrast material, 
Dotarem®) T1-weighted images with a 
maximum slice thickness of 3 mm in at 
least two orthogonal planes and coronal 
fat-supressed short tau inversion recov-
ery (STIR) sequences. 
In detail, we used the following se-
quences:
1. Coronal Short tau inversion recov-

ery (STIR) sequence with a Field of 
view (FoV) of 180* 180 mm, matrix 
size 192* 152, slice thickness 3 mm, 
Time to repetition (TR) 2420 ms, 
Time to excitation (TE) 26 ms, Time 
to inversion (TI) 85 ms).

2. Coronal 3 dimensional T1-weighed 
gradient echo sequence with a FoV 
of 180* 180* 60 mm, matrix size 
192* 192* 40, slice thickness 1 mm, 
TR 50 ms, TE 16 ms prior and af-
ter intravenous injection of contrast 
material. The 3 dimensional T1-
weighed gradient echo sequence was 
additionally reconstructed in sagittal 
and axial planes.

-
carpophalangeal joints, the carpometa-
carpal joints, carpal joints, radiocarpal 
and radioulnar joints. The overall im-
age acquisition time was 18 minutes. 
MR images were analysed by two ex-
perienced radiologists, who have been 
trained for RAMRIS scoring.

Image analysis (Fig. 1)
MR images were read in consensus by 
two radiologists trained in RAMRIS-
Scoring. Images were evaluated for 
synovitis (grade: 0–3), bone marrow 
oedema (BME; grade: 0–3) and ero-
sions (grade: 0–10) according to the 
RAMRIS guidelines (5, 19) (Fig. 2). In 
MCP joints the distal and proximal joint 
portions were analysed separately for 
presence of BME and erosions. BME 
and erosions were also detected in the 
bases of metacarpal bones 1–5, inter-
carpal bones, distal radius and ulna. For 
the evaluation of synovitis MCP, carpo-
metacarpal, intercarpal, radiocarpal and 
radioulnar joints of the clinically domi-
nant hand and wrist were analysed.

Prior published studies demonstrated 
the joints mostly affected in RA: MCP 
2 and 3 in the hand and distal ulna, 
radius, capitate, lunate, triquetrum, 
scaphoid, pisiform in the wrist (20-
23). Additionally we took our MRI 
experience in joint involvement in RA 
into account (14, 24) and developed a 
new, abbreviated score. The RAMRIS5 
score included the following joints of 

the clinically dominant hand and wrist: 
MCP 2 and 3 (to evaluate synovitis, 
erosions and bone marrow oedema); 
capitate bone, triquetral bone and dis-
tal ulna (to evaluate erosions and bone 
marrow oedema). Synovitis of the cap-
itate bone, triquetral bone and distal 
ulna was assessed as a composite wrist 
synovitis score comprising the inter-
carpal and radiocarpal joints. 

 Spearman rho correlation analysis at baseline and at follow-up measurement for 
C-reactive protein (CRP), Disease Activity Score 28 (DAS28), RAMRISMCP, RAMRISwrist, 
RAMRIS and RAMRIS 5.

     Baseline

 CRP DAS28 RAMRIS RAMRISMCP RAMRIS RAMRIS5
   wrist 

CRP 1.00 0.43 0.32 0.11 0.29 0.21
DAS28 0.43 1.00 0.21 0.14 0.20 0.17
RAMRISwrist 0.32 0.21 1.00 0.26 0.90 0.72
RAMRISMCP 0.11 0.14 0.26 1.00 0.61 0.66
RAMRIS 0.29 0.20 0.90 0.61 1.00 0.87
RAMRIS5 0.21 0.17 0.72 0.66 0.87 1.00

      Follow-up

CRP 1.00 0.22 0.14 -0.02 0.10 0.03
DAS28 0.22 1.00 0.25 0.27 0.32 0.31
RAMRISwrist 0.14 0.25 1.00 0.29 0.91 0.69
RAMRISMCP -0.02 0.27 0.29 1.00 0.61 0.74
RAMRIS 0.10 0.32 0.91 0.61 1.00 0.87
RAMRIS5 0.03 0.31 0.69 0.74 0.87 1.00
      

 Picture A and B show 3T MRI of the right hand. The black dots in picture A visualise areas ana-
lysed in the clinically dominant hand with RAMRIS for erosions, oedema and synovitis. For erosions 
23 areas were evaluated including wrist (distal radius, distal ulna, carpal bones, metacarpal bases) and 

-
ma the same 23 areas were evaluated as those for erosions with a scale from 0–3. For synovitis distal 

a scale from 0–3. Picture B shows joint sites analysed in RAMRIS5 in regard with erosions, oedema 
and synovitis. For erosions 5 areas were evaluated including MCP 2 and 3, carpitate bone, triquetral 
bone and distal ulna. We evaluated the same 5 areas for osteoedema. For synovitis we analysed MCP 
2 and 3, as well as intercarpal and radiocarpal joint as one common space (red ellipse). The scale was 
identical in RAMRIS and RAMRIS5.
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RAMRIS subscores were assessed for 
MCP joints and wrist by calculating the 

the corresponding joints.
All statistical analyses were performed 
using the software R, version 2.11.1 
(The R Foundation for Statistical Com-
puting). For correlation analyses Spear-

used. A p-value <0.05 was chosen to 

subscores and clinical parameters 
of disease activity
There was a weak correlation between 
RAMRIS and CRP levels (r=0.29, 
p<0.01) at baseline and follow-up 
(r=0.10, p=0.34) as well as between 
RAMRIS and DAS28 (baseline: r=0.20, 
p=0.05, follow-up: r=0.32, p<0.01). 
At baseline and follow-up there was a 
good correlation between the subscores 
of RAMRIS  (baseline: r=0.61, 
p<0.001; follow-up: r=0.61, p<0.001) 
and RAMRISwrist (baseline: r=0.90, 
p<0.001; follow-up: r=0.91, p<0.001) 
with RAMRIS. 

clinical parameters of disease activity 
(Fig. 3-5)
The correlation between RAMRIS5 
and CRP was weak at baseline (r=0.21, 

p<0.05) and follow-up (r=0.03, 
p=0.76). Moreover, there was a poor 
correlation between RAMRIS5 and 
DAS28 at baseline (r=0.17, p=0.11) 
and follow- up (r=0.31, p<0.01). 

There was a strong correlation between 
RAMRIS5 and RAMRIS (r=0.87, 
p<0.001) at baseline and follow-up 
(r=0.87, p<0.001). There was also a 
good correlation between RAMRIS5 
and the subscores RAMRIS  and 
RAMRISwrist at baseline (r  = 0.66, 
rwrist = 0.72, each p<0.001) and fol-
low-up (r  = 0.74, rwrist = 0.69, each 
p<0.001).

Course of clinical and imaging 
parameters under therapy
Under therapy DAS28 and CRP de-
creased from 4.87±2.94 (baseline 
score) to 2.88±2.18 (follow-up) and 
from 16.63±22.56 to 9.08±15.48, re-
spectively. Baseline RAMRIS score 
was 37.65±31.06 and decreased to 
25.22±17.90 in follow-up measurement 
(percentage change: 33.01%). Baseline 
RAMRIS5 score was 14.91±10.77 and 
decreased to 11.00±7.38 in follow-
up measurement (percentage change: 
26.22%). 

time comparative analysis
One radiologist tested the time which 

in the caput of metacarpal 3 (white arrow). Coronal plane show erosion in capitate and triquetral bone (white arrows in picture BA). Picture C presents a 
coronal plane after contrast agent application. There is a strong enhancement of the synovitis MCP 2 and 3 (white arrow); additionally, synovitis can be seen 
in intercarpal and radiocarpal joints.

 Correlation of RAMRIS and RAMRIS5 at baseline and follow-up measurement. There was a 
-

urement.
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was used for both scoring methods. The 
examination time varied with the num-
ber of lesions present and ranged from 
28 to 55 seconds (39.4±9.00) when 
using RAMRIS5 and from 242 to 312 
seconds (278.8±20.31; p=0.001) when 
using RAMRIS. Under therapy the time 
period for RAMRIS5 was 30 to 53 sec-
onds (38.3±8.63) and for RAMRIS 240 
to 315 seconds (277.8±21.00; p=0.001).

 
The development of new therapeutic 
strategies for rheumatoid arthritis, aim-
ing at the early suppression of the dis-
ease activity using DMARDs and bio-
logicals promoted the use of MRI for 
the sensitive detection and monitoring 

The Outcome Measures in Rheumatol-
ogy Clinical Trials (OMERACT) Rheu-
matoid Arthritis Magnetic Resonance 
Imaging Score is the current standard 
for the structured, semi-quantitative 
assessment of joint alterations in rheu-
matoid arthritis (6). Since RAMRIS 
scoring is time-consuming, even after 

training, we evaluated an abbreviated 
scoring system, the RAMRIS5, com-
prising 5 instead of 23 joint sites. We 
found that the RAMRIS5 was strongly 
correlated to the standard RAMRIS at 
baseline and one year after anti-rheu-
matic therapy (DMARD). Additionally, 
RAMRIS5 and RAMRIS both showed 
similar tendencies under anti-rheumat-
ic therapy and were both concordant 
with the clinical parameters (DAS28 
or CRP) that demonstrated therapy re-

reduction of scoring time. Thus RAM-
RIS5 is a time and resource saving al-
ternative for semi-quantitative scoring 

the hand and their change in follow-up 
patients. 
In contrast to the SAMIS (13), another 

not reduce the number of steps on the 
scales for BME, erosions and synovitis 
that have to be applied to all RAMRIS 
joint sites, in order to prevent the ne-
cessity of a new training of the read-
ers, who are already familiar and well 

trained on the original scoring system. 
Instead, following examples of well-
established ultrasound scoring systems 

reducing the number of joint sites that 

frequently affected in RA. Backhaus et 

wrist: wrist, MCP 2 and 3, proximal 
interphalangeal joint (PIP) 2 and 3. In 
contrast to Backhaus we evaluated ero-
sions, synovitis and bone marrow oede-
ma according to the original RAMRIS 
criteria. The ultrasound scoring system 
cannot detect bone marrow oedema 
depends on technical factors. Instead, 
the scoring system take synovitis, teno-
synovitis and bone marrow oedema into 
account (29). 
Sharp et al. had previously reported that 
an abbreviated scoring system, using a 
combination of 17 joints to score ero-
sions and 18 to score joint space nar-

-
mension of abnormalities than does the 
original scheme including more bones 
(32). Compared to the score of Sharp et 

original RAMRIS criteria and encom-
passed the scoring of erosions, bone 
marrow oedema and synovitis. Since 
the latter are the dominant MRI pa-
thologies found in RA we consider the 
preservation of the original RAMRIS 
criteria an advantage of the RAMRIS5.
To save additional time for imaging and 
image evaluation, departing from the 
original RAMRIS recommendations, 
we only imaged and scored the clini-
cally dominant hand. However, we do 
not consider this approach a relevant 
drawback of our study, since Ejbjerg 
et al. had previously demonstrated that 

respect to the detection of progressive 
joint destruction in rheumatoid arthritis 
between unilateral and bilateral MR im-
aging of the wrist and MCP joints (33).
Our study has limitations. We did not 
evaluate the inter- and intra-reader re-
liability of the RAMRIS5. Since the 
RAMRIS scoring system has a previ-
ously described high inter- and intra-
reader reliability (34, 35) and due to the 
fact that both readers of this study were 
well experienced and trained for RAM-
RIS scoring, we consider this a minor 

 Correlation of RAMRISMCP subscore and RAMRIS5. The graphic shows a good correlation 
between RAMRISMCP subscore and RAMRIS5. 

 Correlation of RAMRISWRIST subscore and RAMRIS 5. The graphic shows a good correlation 
between RAMRISWRIST subscore and RAMRIS5.
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limitation. Additionally, the evaluation 
of the correlation between the RAM-
RIS5 and the RAMRIS when applied 
by readers with different levels of ex-
perience would have been desirable to 
establish the objective reliability of the 
abbreviated score. Further longitudinal 
studies with larger patient cohorts are 
needed to support our results and to 
answer the question if RAMRIS5 and 

disease activity, therapeutic decisions 
and remission.
In conclusion, the shortened MR im-
aging scoring method RAMRIS5, is 
closely correlated with the RAMRIS 
for baseline and follow-up measure-
ments. Thus RAMRIS5 can be used as a 
time and resource saving alternative for 

-
matory joint changes and therapy moni-
toring in RA. 
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Glycosaminoglycan Chemical Exchange
Saturation Transfer of Lumbar

Intervertebral Discs in Patients With
Spondyloarthritis
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Purpose: To assess glycosaminoglycan (GAG) content of lumbar intervertebral discs (IVD) in patients with spondyloar-
thritis (SpA) using glycosaminoglycan chemical exchange saturation transfer (gagCEST).
Materials and Methods: Ninety lumbar intervertebral discs of nine patients with SpA and nine age-matched healthy
controls (eight patients with ankylosing spondylitis; one patient with spondylitis related to inflammatory bowel disease;
mean age: 44.16 14.0 years; range: 27–72 years) were examined with a 3T magnetic resonance imaging (MRI) scanner
in this prospective study. The MRI protocol included standard morphological, sagittal T2-weighted (T2w) images to
assess Pfirrmann score of the five lumbar IVDs (L1 to S1) and biochemical imaging with gagCEST to calculate a region
of interest analysis of nucleus pulposus (NP) and annulus fibrosus (AF). Prior to statistical testing of gagCEST effects
(MTRasym values in percent) in patients and controls, IVDs were classified according to the Pfirrmann score.
Results: Significantly lower gagCEST values of NP and AF were found in SpA patients compared with healthy volunteers
(NP: 1.41%6 0.41%, P50.001; 95% confidence interval, CI [0.600%–2.226%]; AF: 1.19%6 0.32%, P< 0.001; CI
[0.560%–1.822%]) by comparing the differences of the means. Pooled nondegenerative IVDs (Pfirrmann 1 and 2) had
significantly lower gagCEST effects in patients suffering from SpA compared with healthy controls in NP (P< 0.001; CI
[1.176%–2.337%]) and AF (P<0.001; CI [0.858%–1.779%]). No significant difference of MTRasym values was found in
degenerative IVDs between patients and controls in NP (P5 0.204; CI [–0.504%–2.170%]).
Conclusion: GagCEST analysis of morphologically nondegenerative IVDs (Pfirrmann score 1 and 2) in T2w images dem-
onstrated significantly lower GAG values in patients with spondyloarthritis in NP and AF, possibly representing a deple-
tion of GAG in spondyloarthritis in the absence of morphologic degeneration.

J. MAGN. RESON. IMAGING 2015;42:1057–1063.

Magnetic resonance imaging (MRI) has become an

important tool in the evaluation of patients suspicious

for spondyloarthritis (SpA), which was addressed by the

Assessment of SpondyloArthritis international Society

(ASAS) group in the SpA classification criteria.1–4

SpA is associated with discovertebral changes, such as

spondylitis and aseptic spondylodiscitis (discovertebral ero-

sion) representing active inflammatory lesions of the

spine5–9 or chronic spine lesions, such as syndesmophytes

and ankylosis.10 Compared to other imaging techniques,

discovertebral lesions can be detected earlier with MRI.7,11

Biochemical imaging assesses changes of the cartilage

composition on a molecular level prior to the occurrence of

morphological alterations.12,13

Glycosaminoglycan chemical exchange saturation

transfer (gagCEST) is a novel technique that allows
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visualization and quantification of biochemical compo-

nents in intervertebral discs (IVD). GagCEST acquires

molecule-specific saturation information on bulk water

protons for the indirect detection of glycosaminoglycans

(GAG) in IVDs.14 The CEST dataset consists of multiple

images acquired with presaturation impulses at different

offset frequencies around the water resonance, and one

reference image without saturation. The normalized signal

as a function of the presaturation offset (z-spectrum) can

then be used to determine and quantify CEST effects,

which are asymmetric (MTRasym) with respect to the

water resonance due to the AOH protons of GAG

appearing in a frequency range of 0.9 to 1.9 ppm from

the water resonance. The magnitude of the measured

MTRasym correlates directly with the underlying concen-

tration of GAG.15

Initial feasibility studies report on successful differen-

tiation of degenerative and nondegenerative IVDs with

gagCEST13,16 or cartilage quality after autologous chondro-

cyte transplantation.14

Our hypothesis was that the GAG content of IVDs in

patients with SpA was decreased compared to healthy

controls.

Materials and methods

Study Population
The study was approved by the local ethics committee and written

informed consent is obtained from all participating individuals.

Eighteen subjects were enrolled in this prospective study: nine

patients suffering from SpA (mean age: 44.16 14.0 years; range:

27–72 years) and nine age-matched healthy controls (mean age

43.56 13.6 years, range 26–69 years). Patients with SpA com-

prised eight patients with ankylosing spondylitis (disease duration:

�5 years; therapy: seven patients were treated with tumor necrosis

factor alpha ([NFa] inhibitors, one patient with methotrexate) and

one patient with spondylitis related to inflammatory bowel disease

(disease duration: 1.5 years; therapy: patient was treated with

methotrexate).

MR Hardware and Sequence Protocol
MRI of the lumbar intervertebral disc was performed on a

whole-body 3T MRI system (Magnetom Trio A Tim System, Sie-

mens Healthcare, Erlangen, Germany) with a dedicated built-in

spine matrix coil. All individuals were investigated in supine posi-

tion. After a localizer and T2-weighted (T2W) sagittal imaging,

CEST imaging was performed using a prototype sequence based

on a 2D RF-spoiled GRE (radiofrequency-spoiled gradient-echo)

readout. Therefore, two sequences were applied: a gagCEST

sequence for evaluation of the CEST effect and a water saturation

shift referencing (WASSR) sequence for field inhomogeneity

correction.

The sagittal T2W sequence consisted of 15 slices. The acqui-

sition parameters were: TE/TR5 105/3100 msec, spatial reso-

lution5 1.2 3 1.2 mm2, slice thickness5 3 mm, flip

angle5 160�, field of view5 300 3 300 mm2, number of signal

averages5 2, and acquisition duration of 3 minutes and 39

seconds.

GagCEST imaging was applied using a presaturation module

consisting of six Gaussian-shaped RF pulses with a B1 amplitude

of 1.5 lT averaged over time using a pulse duration of 100 msec

and an interpulse delay of 100 msec. The Z-spectrum was acquired

from 24 ppm to 4 ppm in an interval of 0.33. The acquisition

parameters of the gagCEST sequence were: TE/TR5 3.01/1590

msec, spatial resolution5 1.6 3 1.6 mm2, slice thickness5 5 mm,

flip angle a5 12�, field of view5 300 3 300 mm2, number of

signal averages5 6, and acquisition duration of 12 minutes and 24

seconds.

WASSR imaging was performed using a presaturation mod-

ule consisting of a single Gaussian-shaped RF pulse with a B1
amplitude of 0.3 lT and a pulse duration of 100 msec and an

interpulse delay of 100 msec. The Z-spectrum of the WASSR

acquisition ranged from 21 ppm to 1 ppm in an interval of 0.05.

The acquisition parameters of the WASSR sequence were: TE/

TR5 3.01/590 msec, spatial resolution5 1.6 3 1.6 mm2, slice

thickness5 5 mm, flip angle a5 12�, field of view5 300 3

300 mm2, number of signal averages5 6 and acquisition duration

of 7 minutes and 26 seconds. Table 1 provides an overview of the

sequence parameters of CEST and WASSR sequences.

Suppression of bowel movement artifacts was achieved by

the application of a saturation slab anterior to the spine.

Data Analysis
All lumbar IVDs (L1 to S1; a total of 90 IVDs) were scored

according to the morphological Pfirrmann classification based on

sagittal T2W images by a radiologist with 4 years of experience in

musculoskeletal radiology.17

Before CEST data evaluation, both CEST and WASSR data-

sets were motion-corrected using a diffeomorphic registration

approach incorporated in the prototype software (fMRILung Sie-

mens).18 Afterwards, the WASSR dataset was used to assess and

correct magnetic field inhomogeneities of the CEST dataset using

the WASSR maximum symmetry algorithm introduced by Kim

et al.19 Subsequently, the magnetization transfer asymmetry ratio

MTRasym was calculated in the offset range from 1–1.5 ppm and

presented in percent of the nonsaturated water signal.

TABLE 1. Detailed Sequence Parameters of the CEST
and WASSR Sequences

Parameters CEST WASSR

TE/TR [msec]/[msec] 3.01/1590 3.01/1590

Resolution [mm3] 1.6 3 1.6 3 5 1.6 3 1.6 3 5

Flip angle [�] 12 12

FOV [mm2] 300 3 300 300 3 300

Duration [min:sec] 12:24 7:26

Averages 6 6

Basic resolution 192 3 192 192 3 192
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The following IVD segmentation was performed using an

in-house developed MatLab software (MathWorks, Natick, MA,

R2012b). All lumbar IVDs were detected automatically. The disc

segmentation was based on Bayes-classification to divide bone and

ligament from disc tissue of the lumbar spine (Fig. 1). The seg-

mentation area merely comprised the lumbar spine. According to

the different tissue signal intensity of nonsaturated and saturated

images, the segmentation tool could distinguish IVDs from the

other tissues of the lumbar spine by learning on several training

objects before data analysis. The defined regions of interest (ROIs)

were divided into nucleus pulposus (NP) (the innermost 60% of

the IVD) and annulus fibrosus (AF) (the remaining region of the

IVD), as reported in the preceding studies.20,21

Afterwards, the results were analyzed by pairs between the

patients and healthy controls for each Pfirrmann grade and disc

localization (L1 to S1; Figs. 2, 3).

Statistical Analysis
SPSS (v. 22; Chicago, IL) was used for statistical analysis. The

mean, confidence intervals (CIs) for these mean values, median

and standard deviations for NP and AF were calculated as descrip-

tive statistics. Kolmogorov–Smirnov tests verified normal distribu-

tion of MTRasym values of the IVDs graded Pfirrmann score 1–3

in NP and AF. Univariate analysis of variance (ANOVA) and post-

hoc Tukey test demonstrated the performance of a cluster analysis

of gagCEST values between SpA patients and healthy controls

according to Pfirrmann scoring (NP: P5 0.154, AF: P5 0.820;

P> 0.05 would show a significant interaction between SpA/con-

trols and Pfirrmann). Because of the marginal distinction of gagC-

EST values between Pfirrmann 1 and 2, ANOVA analyses and

post-hoc Tukey test were performed to summarize gagCEST effects

of Pfirrmann 1 and 2 to one group (NP: P5 0.139, AF:

P5 0.533; P> 0.05 would show a significant interaction between

SpA/controls and Pfirrmann). A paired t-test was used to assess sta-

tistical differences of the means of the MTRasym values of NP and

AF between spondyloarthritis patients and healthy controls accord-

ing to the Pfirrmann grade 1–3. The Wilcoxon signed-rank test

was used to compare MTRasym values of NP and AF with a Pfirr-

mann score 4 and 5, which showed no normal distribution accord-

ing to Kolmogorov–Smirnov tests. P< 0.05 was considered

significant.

Results

All measurements were technically successful. There were no

dropouts. A total of 90 IVDs (45 IVDs of patients with

spondyloarthritis and 45 IVDs of healthy controls) were

analyzed. According to the Pfirrmann classification system17

the 90 lumbar discs were graded into:

� 16 IVDs with Pfirrmann score 1

� 38 IVDs with Pfirrmann score 2

� 32 IVDs with Pfirrmann score 3

� 02 IVDs with Pfirrmann score 4

� 02 IVDs with Pfirrmann score 5

The descriptive statistics are summarized in Tables 2

and 3.

Significantly lower gagCEST values of NP and AF

were found in SpA patients compared with healthy volun-

teers (NP: 1.41%6 0.41%, P5 0.001; 95% CI [0.600%–

FIGURE 1: Automatic segmentation of lumbar intervertebral
discs to distinguish lumbar discs from other tissues of the lumbar
spine. The segmentation was performed using an in-house-
developed MatLab software being based on Bayes-classification.

Schleich et al.: gagCEST of Patients With Spondyloarthritis

October 2015 1059



FIGURE 2: Comparison of lumbar IVDs of a healthy volunteer (A,C) with a patient suffering from spondyloarthritis (B,D). A,B: Mor-
phological T2W images for Pfirrmann classification. Both pictures show nondegenerative IVDs with a Pfirrmann score 1 or 2. C,D:
Sagittal T2W images with an overlaid MTRasym color map illustrating the gagCEST effect in a healthy volunteer (C) and SpA
patient. Color coding indicates high glycosaminoglycan (GAG) content (red) to low GAG content (blue). The pictures indicate a
depletion of GAG in spondyloarthritis in the absence of morphologic degeneration.

FIGURE 3: MTRasym values according to different frequencies around the water resonance (left side) with the typical CEST peaks
at the specific frequency range of glycosaminoglycans from 0.9 to 1.9 ppm of a patient (red) and a healthy volunteer (black). On
the right side, CEST curves, Z-spectrums of the same patient and volunteer with the typical asymmetry at the specific frequency
range of GAGs. MTRasym values, and CEST curves derived from the same patient and healthy control of Fig. 2.
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2.226%]; AF: 1.19%6 0.32%, P< 0.001, CI [0.560%–

1.822%]) by comparing the differences of the means (Fig.

4).

MTRasym values of NP were significantly lower in

patients with spondyloarthritis compared to healthy controls

at Pfirrmann score 1 (1.05%6 1.20%; P5 0.042; CI

[0.047%–2.049%]) and 2 (2.05%6 1.50%; P< 0.001; CI

[1.334%–2.775%]).

MTRasym values of AF were significantly lower in

patients compared to controls at Pfirrmann score 1

(1.33%61.26%; P5 0.020; CI [0.280%–2.379%]), 2

(1.31%6 1.16%; P< 0.001; CI [0.754%–1.872%]) and 3

(0.98%6 1.80%; P5 0.046; CI [0.018%–1.936%]).

Summarizing gagCEST values of Pfirrmann 1 and 2

to one group, MTRasym values of NP (1.76%6 1.47%;

P< 0.001; CI [1.176%–2.337%]) and AF (1.32%6 1.16%;

TABLE 2. MTRasym Mean Values, Standard Deviation, 95% Confidence Interval, and Median of NP According to
Pfirrmann Score and the Corresponding Disc Localization Between SpA Patients and Healthy Controls

Pfirrmann score Mean value Standard deviation 95% confidence interval Median

1 SpA 2.55 1.38 1.40023.709 2.80

Con 3.60 1.38 2.35424.388 4.14

2 SpA 1.39 1.07 0.87421.910 0.95

Con 3.45 0.98 2.97723.917 3.36

3 SpA 20.44 1.71 21.35620.467 20.34

Con 0.39 1.65 20.49121.267 0.54

4 SpA 21.63 — — 21.63

Con 23.60 — — 23.60

5 SpA 26.85 — — 21.63

Con 26.33 — — 23.60

Pfirrmann 1: n5 16, Pfirrmann 2: n5 38, Pfirrmann 3: n5 32, Pfirrmann 4: n5 2, Pfirrmann 5: n5 2. Because of fewer IVDs
graded Pfirrmann score 4 and 5 no standard deviation and CI were performed.

TABLE 3. MTRasym Mean Values, Standard Deviation, 95% Confidence Interval, and Median of AF According to
Pfirrmann Score and the Corresponding Disc Localization Between SpA Patients and Healthy Controls

Pfirrmann score Mean value Standard deviation 95% confidence interval Median

1 SpA 0.65 1.36 20.486 21.790 2.80

Con 1.98 0.56 1.511 22.453 4.14

2 SpA 20.01 0.89 20.440 20.415 0.95

Con 1.30 0.97 0.832 21.769 3.36

3 SpA 21.36 1.55 22.184 20.527 20.34

Con 20.38 1.52 21.190 20.433 0.54

4 SpA 22.21 — — 22.21

Con 22.93 — — 22.93

5 SpA 26.59 — — 26.59

Con 22.50 — — 22.50

Pfirrmann 1: n5 16, Pfirrmann 2: n5 38, Pfirrmann 3: n5 32, Pfirrmann 4: n5 2, Pfirrmann 5: n5 2. Because of fewer IVDs
graded Pfirrmann score 4 and 5 no standard deviation and CI were performed.
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P< 0.001; CI [0.858%–1.779%]) were significantly lower

in SpA compared to healthy controls (Fig. 5).

MTRasym values of NP of IVDs with a Pfirrmann

score 3 showed no significant difference of the means

between spondyloarthritis patients and healthy controls

(0.83%6 2.51%; P5 0.204; CI [–0.504%–2.170%]). Only

one IVD of patients with spondyloarthritis and healthy con-

trols was graded Pfirrmann score 4 and 5, respectively. The

MTRasym values of NP and AF of this IVD demonstrated

negative data, which means there was no GAG content and

no significant difference between patients and controls

detectable.

Discussion

Biochemical imaging with glycosaminoglycan chemical

exchange saturation transfer MRI is a relatively new tech-

nique that has the ability to quantify the GAG level of

IVDs.22 In contrast to dGEMRIC, no contrast medium

application, which bears the risk of side and equilibrium

effects due to the dependency of the contrast medium distri-

bution within cartilage on cofactors,14,23 is required.

Our data indicate a significant loss of GAG in mor-

phologically normal-appearing IVDs (Pfirrmann score 1 and

2) of patients with spondyloarthritis compared to healthy

controls in NP and AF. This effect may be a result of the

inflammatory and structural lesions of the spine in axial

spondyloarthritis.

GAG is, next to collagen and aggrecan, a major part

of the extracellular matrix.24 The GAG content obviously

varies among the different parts of the human IVD (NP,

AF). In NP higher GAG concentrations were found com-

pared to AF.22 Earlier studies have shown that GAG is asso-

ciated with the maintenance of tissue fluid content and

plays a central role in degenerative disc disease.24

Haneder et al16 reported on a correlation between

degenerative disc alterations according to Pfirrmann score

and low gagCEST effects. In the presence of degenerative

disc disease (Pfirrmann 3–5 in NP and Pfirrmann 4, 5 in

AF), we found no significant GAG difference between

patients with spondyloarthritis and healthy controls.

Combining the gagCEST effects of discs with Pfirr-

mann score 1 and 2, we noted a highly significant reduction

of GAG in patients with SpA compared to healthy controls.

Summarizing our data, patients suffering from SpA

showed a significant loss of GAG in morphologically

normal-appearing IVDs.

Our study has several limitations. The main limitation

of this study is the limited number of patients with spondy-

loarthritis. The current results seem to be promising for

evaluating the initial results in a larger population. The

absence of cartilage biopsy is a further limitation. Biopsies

were not performed due to ethical considerations.

Spondyloarthritis is a heterogeneous disease comprising

different subtypes, such as ankylosing spondylitis, psoriatic

arthritis, arthritis related to inflammatory bowel disease,

reactive arthritis, or juvenile idiopathic arthritis. Our study

cohort reflects this heterogeneity. In this study no data of

spondylitis and spondylodiscitis activity and GAG altera-

tions were recorded. Additionally, our study is limited to

only lumbar IVDs and no gender differentiation was

performed.

Furthermore, no consensus analysis by a second reader

for gagCEST and Pfirrmann analysis was performed. For

Pfirrmann grading, we think that this is a minor limitation

because of the good intra- and interobserver agreement,

given in the literature.17 The gagCEST values for lumbar

IVDs were detected automatically with the algorithm men-

tioned above, so this point is also considered a minor

limitation.

GagCEST may be a powerful research tool to access

IVD composition in spondyloarthritis and to investigate

therapy effects on GAG content in advanced studies.

In conclusion, significantly lower gagCEST effects

were found in SpA patients compared with healthy controls.

GagCEST of nondegenerative IVDs (Pfirrmann score 1 and

FIGURE 4: MTRasym values of SpA patients and healthy controls
for NP and AF. In both, NP and AF, significantly lower gagC-
EST values were observed in patients with SpA.

FIGURE 5: Pooled MTRasym values of nondegenerative IVDs
(Pfirrmann 1 and 2) for NP and AF in patients with spondyloar-
thritis and healthy controls. In both NP and AF, significantly
lower MTRasym values were observed in patients with SpA.
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2 in T2w images) demonstrated significantly lower GAG

values in patients with spondyloarthritis, possibly represent-

ing a depletion of GAG in spondyloarthritis in the absence

of morphologic degeneration.
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Prospective MRI score to predict negative
EULAR response in patients with rheumatoid
arthritis (RA) before therapy-escalation to a
biological therapy

Dear Editor
We read with great interest the article by Baker et al1 who
showed that early MRI measures independently predict erosive
progression on X-ray and MRI after 1 and 2 years in therapy-
naive patients with rheumatoid arthritis (RA) from the
randomised-controlled GO-BEFORE trial. Due to these findings,
we re-evaluated MRI data from the German REMISSION-PLUS
Cohort2 3 at our centre to verify if a MRI score may predict nega-
tive response in patients with RA before therapy-escalation to a
biological therapy. MRI was performed in 257 patients before
therapy-escalation (T0) and after 12 months (T1) and analysed
by using the Outcome Measures in Rheumatology (OMERACT)
rheumatoid arthritis MRI score (RAMRIS). In addition, clinical
and laboratory parameters (Disease Activity Score 28 (DAS-28)
and C-reactive protein (CRP)) were collected for each visit.
Logistic regression combining clinical and MRI parameters was
performed resulting in a combination of the patients’ age and the
RAMRIS-T0 performing best for prediction of non-response.
Bootstrapping with 5000 resamples was performed to estimate
the accuracy of the model.

Of the patients included, 29 were escalated to a biological
therapy (20 women, median age 57 years (IQR 46–65), 95%
anti-tumour necrosis factor (TNF)-alpha therapy). Poor respon-
ders (n=5) and responders (n=24) had a mean RAMRIS-T0
score of 14.4 and 52.0, respectively (Wilcoxon test p<0.01).
High RAMRIS score showed a trend towards a protective effect
against non-response (OR 0.90 per RAMRIS point, 95% CI
0.79 to 1.03, p=0.12). The strength of the association was
stable after adjusting for age, CRP, anti citrullinated peptide anti-
bodies (ACPA)/rheumatoid factor and DAS-28 at baseline. The
median area under the curve in the bootstrap analysis was
88.9% with 95% CI 84.0% to 92.8%.

Thus, while Baker et al clearly demonstrated that a high
inflammatory activity on MRI (ie, RAMRIS) is associated with

Indeed, patients with a prognostic unfavourable high RAMRIS
were even more likely to respond, making them ideal candidates
for these costly drugs.

In summary, both studies emphasise the value of an MRI
before therapy initiation or escalation. Hence, further studies
are needed to improve our data in established patients with RA
before escalating the therapy to biological disease-modifying
anti-rheumatic drug (bDMARD).

Philipp Sewerin, Stefan Vordenbaeumen, Ralph Brinks,
Benedikt Ostendorf
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n = 315

– 64: Abbruch aufgrund von Therapieversagen, Schwangerschaft,
Tod, Umzug und lost to follow-up

– 24: andere Erkrankung als RA

– 20: kein MRT der Hand

– 3: Unterschiedliche Extremitäten gemessen

– 8: zeitliche Abstände zwischen den Messzeitpunkten zu groß

– 15: Keine Therapieänderung nach T0

– 30: RAMRIS unvollständig

– 5: DAS28 und/oder CRP unvollständig

Analysegrundlage finaler Datensatz zu T0

Analysegrundlage vollständiger Datensätze zu T0 und nach 12
Monaten (T4)

Initial eingeschlossene Patienten (über alle Zentren)

n = 251

n = 146

n = 80
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N = 80 N = 15

ba

DAS28 DAS28

ERO-Subscore BME-Subscore SYN-Subscore ERO-Subscore BME-Subscore SYN-Subscore
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Silent progression in patients with
rheumatoid arthritis: is DAS28 remission an
insufficient goal in RA? Results from the
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Abstract

Background: Remission is arguably the ultimate therapeutic goal in rheumatoid arthritis (RA). Applying modern
strategies, clinical remission can be achieved in a substantial number of patients with early RA (ERA). Even in those
patients, the number and scope of erosions can increase. We, therefore, investigated the value of MRI for the
detection of radiological progression in patients with DAS28 improvement and/or clinical remission of the German
Remission-plus cohort.

Methods: Data-sets of 80 RA patients (according to 2010 ACR/EULAR criteria) from the Remission-plus study cohort,
who fulfilled the following criteria, were retrospectively analysed: availability of two consecutive MRI scans (low-field
MRI, follow-up interval 1 year) of the clinically dominant hand and wrist, and the presence of DAS28 (CRP) scores at
both time points, which was used to assess disease activity.

Results: Seventy-one of the 80 investigated patients presented a numerical improvement of the DAS28 (CRP)
after 12 months (DAS28(CRP) T0 average (Ø) 4.96, SD 1.2; DAS28 T4 (12 month) Ø 2.6, SD 1.0), 73% of them
also improved in the RAMRIS-Score, while 24% demonstrated an increase despite DAS28 improvement and
3% showed equal values. 48% of patients who improved in the DAS28 reached EULAR remission. 41% of
these patients had an increase in the RAMRIS Erosion-subscore after 12 months. When considering EULAR
response criteria (non-response (n = 7), moderate response (n = 19), good response (n = 45)), an increase of
erosions was found in 71.4% of non-responders, 52.6% of moderate responders, and 31.1% of good
responders after 12 months, all compared to baseline.

Conclusion: Up to 40% of patients in this study demonstrated a progressive erosive disease detected by MRI
despite DAS28 improvement or EULAR remission. Future studies are needed to determine the prognostic
clinical impact of disease progression in MRI despite clinical remission, and to investigate if DAS28 remission
may be an insufficient therapeutic goal and should be accompanied by MRI remission criteria.

Keywords: Magnetic resonance imaging, Rheumatoid arthritis, RAMRIS, Therapy monitoring, Remission,
Silent progression
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Background
Remission in rheumatoid arthritis [RA] is arguably the
ultimate goal of an anti-rheumatic therapy [1, 2]. With
modern therapeutic strategies, this goal can be achieved
in the majority (up to 80%) of patients with early RA
(ERA) [3]. In this context, remission has been defined as
a “state of absent disease activity”. In contrast, flares are
defined as “a substantial increase of disease activity”
associated with more radiological progression and worse
functional outcome [4]. Hence, continuous remission is
the desired target state. A variety of response scores for
RA patients based on clinical and serological data have
been proposed and applied in clinical trials [5]. Among
these, the American College of Rheumatology (ACR)
response criteria, which rely on a relative change of five
core set variables [6], and the European League Against
Rheumatism (EULAR) response criteria, which are based
on an absolute change of the composite Disease Activity
Score in 28 joints (DAS28) including the ACR/EULAR
remission criteria [7–9], are most common.
In 2002, the OMERACT (Outcome Measures in RA

Clinical Trials) magnetic resonance imaging (MR)I-
group introduced a highly reliable sum-score (RA MRI
Score (RAMRIS)) [10] based on the semi-quantitative
rating of the severity of synovitis, bone marrow edema
and bone erosions in the joints of the hand and wrist
[10, 11]. The RAMRIS system has been shown to be a
sensitive tool for the evaluation of therapy in patients
receiving conventional synthetic and biologic DMARDs
(Disease-modifying anti-rheumatic drugs) [12, 13] simi-
lar to scores measuring clinical and serological para-
meters [14]. However, Emery et al. reported a weak
correlation between the individual change of the RAM-
RIS and the change of the DAS28 and C-reactive protein
(CRP) levels, respectively. This was thought to be due to
superior sensitivity of MRI compared to DAS28 and
CRP [15]. It is additionally known that the number and
scope of erosions can increase instead of clinically low dis-
ease activity or remission (measured by DAS28). In particu-
lar, the existence and continuous presence of bone marrow
edema as depicted by MRI is the strongest predictor for
bony erosiveness in RA patients [16, 17]: Imaging studies
with ultrasound and MRI revealed signs of synovitis and/or
bone marrow edema in patients with clinical remission (i.e.
according to ACR or EULAR criteria). This phenomenon,
often denominated “silent progression”, thus came into
scientific focus [18, 19]. Consequently, the question was
raised whether extended remission criteria which incorpor-
ate modern imaging tools could be of superior value
compared to clinical composite indices [20].
We, therefore, investigated the value of MRI for

the detection of erosive changes in patients with
DAS28 improvement and/or remission of the German
Remssion-plus cohort [21].

Methods
Study design
Retrospective analysis was done on the Remission-
plus cohort in which the data had been prospectively
evaluated [21].

Patients cohort
Datasets of 146 RA patients from the Remission-plus
study cohort who fulfilled the ACR/EULAR 2010
Criteria for RA [21] were retrospectively analysed in
this study. Moreover, 80 patients who fulfilled ad-
vanced inclusion criteria consisting of (1) availability
of two consecutive MRI scans (follow-up interval
1 year) of the clinically dominant hand and wrist, (2)
the presence of DAS28 (CRP) scores at both time
points and (3) had an DAS28 > 3,2 at T0 were
investigated.

Clinical assessment
The following EULAR core set of variables was
recorded: patient’s global assessment of overall disease
activity, number of tender and swollen joints, erythro-
cyte sedimentation rate (ESR) and C-reactive protein
(CRP (<5 mg/l)).
The DAS28 [22] was used to assess disease activity.

Changes of disease activity were graded by the following
classification criteria: DAS28 < 2.6 = clinical remission, ≤ 3.2
mild disease activity < 5.2 moderate disease activity
and > 5.2 severe disease activity [23, 24].

Table 1 Patient’s characteristics at T0 (begin of the study)
including the sex, disease duration, seropositivity, conventional
x-rays, clinical and laboratory parameters and MRI scores
(RAMRIS and RAMRIS-Subscores)

N = 80

Male 24 [30%]

Female 56 [70%]

Disease-duration <6 month 15 [19%]

Disease-duration <24 month 42 [53%]

Disease-duration ≥24 month 38 [47%]

RF pos. 47 [59%]

CCP antibody pos. 49 [62%]

Erosiv x-rays 23 [32%] [missings n = 9]

CRP [mg/l] 9.35 [SD 15.61; Min 1, Max 88]

DAS28 2.98 [SD 1.2; Min 1, Max 6,8]

RAMRIS 7,78 [SD 7.16; Min 0, Max 33]

SYN-subscore 2,34 [SD 2.54; Min 0, Max 11]

ERO-subscore 4,39 [SD 4.74; Min 0, Max 19]

BME-subscore 1,05 [SD 1.96; Min 0, Max 12]
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EULAR response assessment
Therapy response was graded by the following im-
provement criteria proposed by the EULAR commit-
tee [7, 8]: DAS28 decrease >1.2 units and endpoint
score <3.2 = good response, DAS28 decrease >1.2
units and endpoint score >3.2 or DAS28 decrease
0.6–1.2 units and endpoint score <5.1 =moderate re-
sponse, DAS28 decrease <0.6 or DAS28 decrease 0.6–1.2
units and endpoint score >5.1 = poor response.

Imaging procedure [low-field MRI examination]
All examination were performed with the same low-
field strength 0.2-T dedicated extremity MRI unit
(Esoate, C-Scan, Esaote Biomedica Germany GmbH),
and the same dedicated, dual phased-array coil. The
clinically dominant hand was examined. Patients with
renal dysfunction and known allergic reactions to
gadolinium-diethylenetriaminepentaacetic acid (Gd-
DTPA) were excluded from the study. The imaging

protocol comprised pre- and post-contrast (i.v. gado-
linium-based MRI contrast material, e.g. Magnevist,
Schering AG, Berlin) T1-weighted images with a max-
imum slice thickness of 3 mm in at least two orthogonal
planes and coronal fat-suppressed short tau inversion
recovery (STIR) sequences [in detail coronar T1-weighted
before contrast agent, coronar fat-suppressed STIR
before contrast agent, 3-D GE T1-weighted after con-
trast agent with multiplanar reconstruction in three
slide positions, coronar T1- weighted after contrast
agent, axial T1-weighted after contrast agent].

MRI-scoring (RAMRIS)
MRI images were scored in each centre by MRI trained
rheumatology specialists according to the RAMRIS
based on OMERACT recommendations [10]. MR
images were read in consensus by two board-certified
radiologists with special expertise in musculoskeletal
MRI and trained for RAMRIS scoring.

Fig. 1 Comparison of DAS28 response to changes in ESR and CRP. Each left column: patients who improved in DAS28 after 12 month (T4 < T0);
each middle column: patients with equal values (T4 = T0) and each right column: patients who worsened in DAS28 after 12 month (T4 > T0). Green
coloured sections: improvement in ESR or CRP; yellow coloured sections: equal values; red coloured sections: worsening in ESR or CRP
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Statistical analysis
Results of the analyses were reported as absolute num-
bers and percentages where appropriate. Data manage-
ment and analysis was performed with SAS, version 9.3
(SAS Institute, Cary, North Carolina).

Results
Characteristics of patients
Overall, 146 patients were included in the Remission-
plus cohort. 64 patients were excluded due to pregnancy,
death, movement or loss to follow-up. Finally, 80
patients were included in the final evaluation (30% male,
70% female). 19% showed a disease duration of less than
6 months, while 53% presented disease duration of less
than 24 months, and 47% showed a disease duration of
more than 24 months. The entry patient characteristics
are outlined in Table 1.

Erosiveness at TO
At T0 (begin of the study) conventional x-rays of the
hands were performed. 23 of the 71 patients (32%, 9
missings) already showed at least one erosion in plane x-
rays of the hand while 48 patients had no detectable
erosions. Regarding the concordant MRI scans, 44 of
these 48 patients [92%] showed at least one single
erosion in the MRI scans (Erosion (ERO)-subscore ≥ 1).

Clinical improvement and MRI results
Seventy-one of the 80 analysed patients presented a clin-
ical improvement of the DAS28 after 12 months (T4),
while two showed a stable disease activity and 7 wors-
ened (DAS28(CRP) T0 average (Ø) 4.96; SD 1.2; DAS28
T4 (12 month) Ø 2.6; SD 1.0) (Fig. 1).
After 12 months, 73% of the 71 patients who improved

in DAS28 showed a lower RAMRIS-Score, while 24%
worsened despite DAS28 improvement, 3% showed
equal values (Fig. 2). When considering RAMRIS-
Subscores, 41% (n = 29) of these 71 patients had more
erosions on MRI compared to baseline (ERO-subscore
T4 > T0), while 39% showed less erosions (T4 < T0) after
12 months. Hence, 8 of 29 patients who worsened in
ERO-subscore showed a difference of 1 point while 21
(approximately 72%) patients changed by at least 2
points. Regarding the affected joints, the proximal meta-
carpophalangeal (MCP) 2-joint was most frequently
affected by worsening in ERO-subscore (9/29) followed
by the trapezoid bone (6/29), the proximal MCP-3 (4/
29) and proximal MCP-4 joint (4/29). Only 1/29 patients
worsened in the PIP joints. We studied in addition the
impact of age, sex, antibody status, systemic inflam-
mation (CRP) and RAMRIS-subscores and found no
relevant association.
In contrast, the intensity of Bone Marrow Edema

(BME) and Synovitis (SYN) in MRI decreased in

accordance to clinical improvement in 69% (BME) and
76% (SYN) (Fig. 3).
In a subgroup of patients with a short disease duration

(<6 month, n = 15), tantamount results were found: 38%
showed less erosions after 12 months of treatment, 23%
a stable erosion score and 38% increased erosions score
despite DAS28 improvement (Fig. 4).

MRI criteria with respect to EULAR remission
Thirty four of the 71 patients who improved in DAS28
reached EULAR remission. Despite remission, 41% of all
patients who attained remission showed an increased
ERO-subscore after 12 months (T4) (Fig. 5).

Fig. 2 Comparison of DAS28 response to changes in RAMRIS. Left
column: patients who improved in DAS28 after 12 month (T4 < T0);
middle column: patients with equal values (T4 = T0); right column:
patients who worsened in DAS28 after 12 month (T4 > T0). Green
coloured sections: improvement in RAMRIS; yellow coloured sections:
equal values; red coloured sections: worsening in RAMRIS
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MRI changes with respect to EULAR response
Of the 71 patients who improved in DAS28 after
12 months, 7 showed EULAR non-response, 19 had
moderate and 45 good EULAR responses. An increase of
erosions was found in 71.4% of non-responders, 52.6%
of moderate responders, and 31.1% of good responders
at T4, all compared to baseline (Fig. 6). Representative
MR-Images are shown in Fig. 7.

Discussion
Remission is the ultimate goal in RA-therapy. This has
been underscored by successful applications of the
Treat-to-Target (T2T)-strategies in studies and clinical
practice in the last few years [2]. Interestingly, MRI does
not always reflect clinical improvement, but on the con-
trary, does show persisting or progressive joint patholo-
gies in a considerable number of cases in most studies
[25, 26]. However, the presence of erosions is associated
with a high risk of progression of the disease, while this
was only shown for erosions in conventional x-rays, yet
[27, 28]. Up until now, therapy response criteria like the
well-established EULAR response criteria are based on

different constellations of clinical data, while matching
MRI criteria are not available. In our study, a high num-
ber of 94% of patients showed erosions on MRI in at
least one region. Importantly, roughly 40% of all patients
who improved in DAS28 or who were in EULAR-
defined remission, showed an increase of MR-detectable
erosions after 12 months. Approximately 72% of these
patients who worsened in ERO-subscore showed a
subscore-deterioration of at least 2 points, so that an
inaccuracy of the measurement is unlikely and a verit-
able increase of the MR-detectable erosivness must be
assumed. Moreover, there was no relevant distinction
between early and late RA, as even patients with a short
disease-duration (less than 6 months) progressed.
The course of erosive changes depended on EULAR

response in the current study: patients showing DAS28
improvement but EULAR non-response presented an
increase of erosiveness in almost 72% of the patients,
while only 31% of patients with good EULAR response
had progressive erosions in MRI. Thus, our data is in
accordance with a study by Van Gestel et al. who
demonstrated that the improvement regarding the

Fig. 3 Comparison of DAS28 response to changes in Erosion-subscore, Bone-Marrow Edema (BME)-subscore and Synovitis-subscore of the
RAMRIS Score. Each left column: patients who improved in DAS28 after 12 month (T4 < T0); each middle column: patients with equal values
(T4 = T0); each right column: patients who worsened in DAS28 after 12 month (T4 > T0). Green coloured sections: improvement in the
RAMRIS-subscores; yellow coloured sections: equal values; red coloured sections: worsening in RAMRIS-subscores
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Fig. 4 Comparison of DAS28 response to changes in Erosion-subscore, Bone-Marrow Edema (BME)-subscore and Synovitis-subscore of the
RAMRIS Score of patients with short disease duration (less than six month). Each left column: patients who improved in DAS28 after 12 month
(T4 < T0); each right column: patients with equal values (T4 = T0). Green coloured sections: improvement in the RAMRIS-subscores; yellow coloured
sections: equal values; red coloured sections: worsening in RAMRIS-subscores

Fig. 5 Comparison of patients who reached DAS28-remission to changes in Erosion-subscore, Bone-Marrow Edema (BME)-subscore and
Synovitis-subscore of the RAMRIS Score. Green coloured sections: improvement in the RAMRIS-subscores; yellow coloured sections: equal
values; red coloured sections: worsening in RAMRIS-subscores
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Fig. 6 Comparison of patients who improved in DAS28 after 12 month to changes in Erosion-subscore, Bone-Marrow Edema (BME)-subscore and
Synovitis-subscore of the RAMRIS Score. Each left column: patients who reached good EULAR-response regarding the EULAR response criteria
(DAS28) after 12 month (T4 < T0); each middle column:patients moderate EULAR-response (T4 = T0); each right column: patients who reached
none EULAR-response but improved in DAS28 after 12 month (T4 > T0). Green coloured sections: improvement in the RAMRIS-subscores (ERO, BME
or SYN); yellow coloured sections: equal values; red coloured sections: worsening in RAMRIS-subscores

Fig. 7 a Nativ T1-weighted image in coronal orientation. Erosion grade 1 in the head of metacarpus D2 (*), erosion grade 3 in the head of
metacarpus 3 (#). Additionally, erosion of the basis of metacarpus 3 (+). The RAMRIS score of this patient was 48. b Short-Tau-Inversion-Recovery
Sequenz (STIR) in coronal orientation: Osteoedema in Os hamatum (arrow with *) and Os triquetrum (arrow with #) grade 3. Additionally grade 2
osteodema in Os scaphoideum (arrow with +). The whole RAMRIS score was 43
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EULAR-response criteria is associated with less disease
progression considering the clinical and conventional
radiological course (highly sensitive imaging tools like
MRI were not considered in this study) [8]. In contrast, it
has been demonstrated that up to 20–30% of patients
reaching clinical remission showed progressive erosive
joint damage (silent progression) [9, 29]. Regarding the
presented data, the proximal MCP-2 joints were most fre-
quently affected by worsening in the ERO-subscore
followed by the trapezoid bone and the proximal MCP-
joints 3 and 4. The PIP joints were almost not affected (1/
29). Regarding our additional analyses for possible predict-
ive markers for silent progression (age, sex, antibody
status, systemic inflammation (CRP) and RAMRIS-
subscores), there were no statistical significant associa-
tions. However, we note that the study was not powered
for specific subgroup analysis. It is known that erosive
changes and BME detected by MRI lead to bone erosions
which can be depict by conventional x-rays later on [16].
There is a lot of evidence that erosive progression in con-
ventional x-rays is related to functional loss in the course
of disease [30–32], while there is a lack of long term MRI
data investigating the functional meaning of MR-
detectable erosions, yet. Regarding that, long-term studies
focused on this question are urgently needed.
Due to these issues, supplementary use of MRI scans

could be of additional value to evaluate the therapy
response, for example by using a smaller field of view to
achieve a shorter examination time. In summary, MRI
data in clinical routine confirm a high rate of silent
progression despite DAS28 improvement or remission.
This study has some limitations. First, low-field MRI is

used which is known to have a poorer local resolution in
comparison to high-field MRI. Moreover, this multicentre
study was a “real life” study without a static protocol, so
that some patients were lost to follow-up or were excluded
due to incomplete data. The study is not controlled for
confounders such as RF, CCP-status, smoking or ethnicity.
Moreover, we cannot completely exclude that progressive
erosiveness detected by low-field MRI overestimates the
risk of progression. In addition to that, it must be recog-
nized that erosions were scored by MRI which is known as
a very sensitive tool and could lead to occasionally over-
interpretation. Hence, some sequences (for example STIR-
sequences) are not fully comparable to high-field MR-scans
due to the poorer resolution. To solve this last issue, both
compound scores, such as the DAS28 and MRI based
scores (e.g. RAMRIS), should be evaluated against gold
standards such as functional or conventional radiological
outcome measures in the long term in future studies.

Conclusion
In conclusion, approx. 40% of patients demonstrated a
progressive erosive RA detected by MRI despite DAS28

improvement or EULAR remission. Data is accumulat-
ing that DAS28 remission may be an insufficient therapy
goal in RA. This is the first study showing the very high
number of MRI-progression in RA patients despite
clinical remission. Hence, MRI should be considered as
a secondary outcome measure in interventional thera-
peutic trials with subsequent observational extension
including functional measures and conventional x-rays
to systematically assess this question.
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Big Data in der Bildgebung

Bis heute sind diewissenschaftlichenund
klinischen Fortschritte in der Medizin
primär durchhypothesengetriebene For-
schungsansätze imRahmen von kontrol-
lierten klinischen Studien erreicht wor-
den. So wird davon ausgegangen, dass
eine zuvor definierte klinische Variable
das Outcome beeinflusst oder gar be-
stimmt. Andere Störgrößen („confoun-
der“) werden dabei z.B. durch ein de-
finiertes Patientenkollektiv oder durch
Randomisierung etc. auszuschalten ver-
sucht.TrotzderenormenErrungenschaf-
ten ist ein solches Vorgehen durch die
unzähligenVariablen (Demographie, Pa-
thophysiologie, genetischerHintergrund
usw.) extrem kosten- und zeitintensiv
undblendetdurchdenVersucheinerHo-
mogenisierung gewisse Kollektive nach-
haltig aus. ImGegensatz zu diesen hypo-
thesengetriebenen bieten datenbasierte
(Big-Data-)Forschungsansätze die Mög-
lichkeit, zahlreiche ungefilterte Daten zu
untersuchen, die alle Effekte bei mögli-
cherweise allen Patienten berücksichti-
gen [1, 9]. Big Data wird durch verschie-
dene Eigenschaften, die 4 „V“, charakte-
risiert [6]:
1. „Volume“: Es werden sehr große

Datensätze generiert.
2. „Variety“: Hierfür werden Daten aus

verschiedenen Quellen benötigt.
3. „Velocity“:DieDaten sollenmit hoher

Geschwindigkeit zur Verfügung
gestellt werden.

4. „Veracity“: Eine Überprüfbarkeit der
Daten fehlt gelegentlich.

Alle bildgebenden Verfahren speichern
heute i.d.R. Bildmaterial digital, sodass
sie prinzipiell für eine Big-Data-Lösung
(zentrales Speichern, Vergleichen und

Auswerten) prädestiniert wären. Wäh-
rend konventionelle Röntgenbilder noch
bis vor wenigen Jahren in den meisten
klinischen Settings als klassische Hard-
copys verfügbar waren, wurden bis heute
nahezu flächendeckend in ambulanten
Praxen und der klinischen Radiologie
digitale konventionelle Röntgenunter-
suchungen eingeführt [3]. Gleiches gilt
für die Computertomographie (CT)
und die Magnetresonanztomographie
(MRT), die heute bereits große Daten-
sätzealsPrimärdatenspeichern,umdiese
dann rekonstruieren und auswerten zu
können. Gerade für schnittbildgebende
Techniken werden zahlreiche digitale
Auswertungsmöglichkeiten geboten, die
erst durch einen schnellen und effek-
tiven Datentransfer möglich wurden
(Teleradiologie; [11]). Allerdings beste-
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Abb. 19 Entwick-
lung des USB-Spei-
cherplatzes über
die Zeit. Logarith-
mische Speicherka-
pazität inMegabyte

hen hierbei nach wie vor Auflagen des
Datenschutzes, die überwunden werden
müssen [16].

Entwicklung undMöglichkeiten
von Big Data

In den vergangenen Jahren wurden zu-
nehmend Konzepte präsentiert, die die
Möglichkeit bieten, große Datenmengen
inderBildgebungeinfachundeffektiv für
Ärzte und Patienten zugänglich zu ma-
chen [12]. Gerade in der onkologischen
Bildgebung schien hier großes Potenzi-
al vorhanden zu sein, durch die zentrale
VerarbeitungundAuswertungvonDaten
spezifische Auswertungsalgorithmen zu
standardisieren und zu verbessern [15].
Gleiche Ideen entstanden für das sog.
Neuroimaging,dahierTherapieentschei-
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Abb. 29 a PubMed-Da-
tabank-Suche zu Publi-
kationen „artificial“ AND
„intelligence“ AND „imag-
ing“,b PubMed-Databank-
Suche zu Publikationen
„deep“ AND „machine“
AND „imaging“. Zeitraum
von 1981 bis 2017

dungen häufig insbesondere von bildge-
benden Verfahren gesteuert werden und
Experten rar sind [14]. Darüber hinaus
wurden in zahlreichen klinischen Studi-
en zentrale Auswertungsverfahren ange-
wendet, in denen die einzelnen Studien-
zentrenanonymisierteBildgebungsdaten
einstellen, um diese dann zentrumunab-
hängig verblindet auswerten zu können
[8]. All diese Lösungen sind häufig auf
wenige Zentren beschränkt und können
übergreifend nicht vereinheitlicht umge-
setzt werden [7].

» Technische Weiterentwick-
lungen ermöglichen die einfache
und schnelle Handhabung sehr
großer Datenmengen

Die Entwicklung von Big Data und v. a.
deren Anwendung und Bearbeitung be-
ruhen auf dem Zutreffen des Moore-Ge-
setzes in derDaten- undTechnologieent-
wicklung. Dieses besagt, dass sich Tech-
nologien über die Zeit exponentiell ver-
bessern [2, 10]. Hierbei entstehen durch
den technologischen disruptiven Fort-
schritt kosteneffiziente Einsatzmöglich-
keiten von Medizingeräten und Anwen-
dungen. Vor allem in der Speicherplatz-
entwicklungzeigte sich indenletztenJah-
ren,welchesPotenzialdieDatenverarbei-
tung aufweist (. Abb. 1). So erhielt man
imJahr2000einenUSB-Stickmit8Mega-
byte für ca. 40€ und zahlt heute für einen
mit 128.000 Megabyte (128 Gigabyte)
30€. Dem Entwicklungsfortschritt ent-
gegengesetzt bleibt das Preisgefüge be-

stehen oder Kosten verringern sich in
der Produktion der Hardware selbst.

Bezogen auf den Medizinmarkt, ins-
besondere die Entwicklung der Bildge-
bung, ermöglicht der Datentransport
die einfache und schnelle Handhabung
sehr großer Datenmengen. IBM Wat-
son Health beispielsweise wirbt dafür,
1 Mrd. an medizinischen Bilddaten in
einem Cloud-basierten Archiv zu spei-
chern (http://www.merge.com/Blogs/
Enterprise-Imaging-Blog/April-2017/
One-Billion-Images-in-the-Cloud-A-
Merge-Milestone.aspx). Dies ist nur
aufgrund der oben beschriebenen Spei-
cherfähigkeit, aber auch Schnelligkeit
der Datenübertragung – ebenso ein
wesentlicher Fortschritt der Datenver-
arbeitung – durchführbar. Mit solch
einer Datenbasis sind nun auch eine
systematische Analyse, Quantifizierung
und Anwendung spezieller Algorithmen
möglich. Einige Proof-of-concept-Stu-
dien wurden bereits im Bereich der CT-
Bildgebung veröffentlicht: von kleinen
Feldstudien zur Analyse von Bronchiek-
tasien mit unterstützender Software bis
zu künstlicher Intelligenz („artificial
intelligence“) mit „deep machine learn-
ing“ und neuronalen Netzwerkansätzen,
die an Tausenden von Bildern geschult
werden [4, 5]. So zeigten beispielswei-
se DeBoer et al. [4], dass es anhand
vorher „erlernter“ Algorithmen möglich
ist, automatisiert Bronchiektasen in CT-
Scans von Kinder mit einer zystischen
Fibrose zu quantifizieren. Hierbei wurde
eine Software validiert, die durch zuvor
definierte Prozesse ektatische Bronchien
und „air trapping“ objektiviert undmög-

lichst untersucherunabhängig bewerten
sollte. Die Autoren schlussfolgerten, dass
solche automatisierten und vergleichs-
weise objektiven Verfahren ggf. auch für
klinische Studienprogramme sinnvoll
einsetzbar wären.

Der Fortschritt wird durch vielfältige
Publikationen von computerunterstütz-
ten Diagnose-Tools mit einem Gipfel
um 2007 belegt (. Abb. 2). Nicht nur
IBM Watson Health, sondern auch klei-
ne Start-ups (oft Ausgliederungen aus
Universitäten) entwickeln diesbezüglich
Softwarelösungen, umdieArbeitsabläufe
zu verbessern und durch automatisierte
Bildanalyse ein Vorscreening mit hoher
Spezifität und Sensitivität zu ermögli-
chen und damit Zeit zu sparen (z.B.
http://aidence.com/). Wissenschaftlich
verlagert sich das Feld zu spezifischen
Softwarelösungen (z.B. „deep maching
learning“), das die Publikationsleistung
imVerlauf belegt („artificial intelligence“
vs. „deep machine learning“; . Abb. 2).

» Wissenschaftlich verlagert
sich das Feld zu spezifischen
Softwarelösungen

Ein weiteres Beispiel stellt QUIBIM S.L.
dar.AufBasis vonDICOM-Bilddatensät-
zen sollen mittels Deep-Learning-Tech-
nologie und künstlicher Intelligenz klini-
sche „Bildgebungsbiomarker“ entschlüs-
selt werden (www.quibim.com). In der
Osteologie fokussiert das Team dabei auf
quantitative morphometrische Analysen
derKnochenmikrostruktur, inderOnko-
logie aufMarker wie z.B. Knochenmark-
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infiltrationen mittels kombinierter Posi-
tronenemissionstomographie/MRT und
multiparametrischer Analysen, um nur
wenige zu nennen.

Bis heute waren Kohortenanalysen
in der Bildgebung nur im Rahmen
von Studien zu vergleichen. Im Bereich
der Osteoimmunologie entwickelte die
Arbeitsgruppe um S. Boyd (Universi-
ty of Calgary) eine Software, die die
Analyse einzelner Osteodensitometrie-
Messungen (Radius, Tibia) anhand eines
kanadischen Kollektivs von gesunden
Probanden erlaubt (https://normative.
ca/). Datensätze können anonymisiert
über die Webbrowser-basierte Software
einfach eingespielt und analysiert wer-
den. Benutzt werden lediglich Alter und
Geschlecht. Durch ständiges Einspielen
von Daten wächst das zentral abgelegte
Kontrollkollektiv, und Abfragen werden
nicht gegenüber historischen Werten,
wie z.B. bei der Dual-Röntgen-Absorp-
tiometrie (DXA), sondern anhand eines
dynamischen aktuellen Datensatzes ab-
geglichen. Dies kann im Bereich der
quantitativen Knochendichtemessung
als erster Schritt in Richtung einer per-
sonalisierten individuellen Empfehlung
für den Patienten betrachtet werden.
Dieser Ansatz stellt jedoch die Ausnah-
me dar, da aktuell noch regionen- und
krankenhausspezifische Insellösungen
heterogene Bilddatensätze generieren
und so häufig noch keine gemeinsame
Auswertung möglich ist (. Abb. 3).

Diskussion

Die hier aufgeführten Beispiele zeigen
eindrucksvoll den enormen Fortschritt
vornehmlich in der letzten Dekade, aber
auch die damit verbundenen Heraus-
forderungen. Zahlreiche, teilweise noch
kleine Feldstudien machen darüber hi-
naus deutlich,welches Potenzial BigData
für die bildgebenden Verfahren haben
kann. Durch die enorme Leistungsfähig-
keit könnten zukünftig konventionelle
Röntgenverfahren, aber auchdie Schnitt-
bildgebung wie CT oder MRT zentral
und automatisiert nach zielgerichteten
erlernten Algorithmen ausgewertet wer-
den. Erste Arbeiten zeigen, mit welcher
Präzision und Reliabilität dies beispiels-
weise bei der Bewertung von Bronchiek-
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Big Data in der Bildgebung

Zusammenfassung

Die großen wissenschaftlichen Fortschritte in
der Medizin wurden bis heute hauptsächlich
durch hypothesengetriebene Forschungs-
ansätze im Rahmen von kontrollierten
klinischen Studien erreicht. Hierbei können
allerdings aufgrund der zahlreichen Variablen
nur einzelne Fragestellungen untersucht
werden, sodass diese nach wie vor sehr zeit-
und kostenintensiv sind. Big Data bietet
durch einen neuen datenbasiertenAnsatz die
Möglichkeit, mit sehr großen Datenmengen
alle vorhandenen Variablen zu untersuchen,
und öffnet somit neue Horizonte. Die
Bildgebung scheint für solche Ansätze
durch die weitestgehend flächendeckende
Digitalisierung der Daten und der immer
besseren Hard- und Softwarelösungen
prädestiniert zu sein. Einige kleine Studien
wiesen bereits nach, dass automatisierte
Auswertungsalgorithmen und künstliche

Intelligenz Pathologien mit höchster
Präzision erkennen können. Auch in der
rheumatologischen Bildgebung erscheinen
solche automatisierten Systeme sinnvoll, da
seit Langem nach personalisierter Risikostra-
tifizierung für die Patienten gesucht wird. Bei
all den vielversprechenden Möglichkeiten
muss allerdings heute noch festgestellt
werden, dass die Heterogenität der Daten
und die sehr komplexenDatenschutzauflagen
in Deutschland eine Big-Data-Lösung in der
Bildgebung noch erschweren. Die enormen
Chancen in der klinischen Versorgung und
der Wissenschaft sind es aber wert, diese
Herausforderungen anzunehmen.

Schlüsselwörter

Datenanalyse · Entscheidungsfindung ·
Künstliche Intelligenz · Magnetresonanz-
tomographie · Computertomographie

Big data in imaging

Abstract

Until now, most major medical advancements
have been achieved through hypothesis-
driven research within the scope of clinical
trials. However, due to a multitude of
variables, only a certain number of research
questions could be addressed during a single
study, thus rendering these studies expensive
and time consuming. Big data acquisition
enables a new data-based approach in
which large volumes of data can be used to
investigate all variables, thus opening new
horizons. Due to universal digitalization of
the data as well as ever-improving hard- and
software solutions, imaging would appear
to be predestined for such analyses. Several
small studies have already demonstrated that
automated analysis algorithms and artificial
intelligence can identify pathologies with

high precision. Such automated systems
would also seemwell suited for rheumatology
imaging, since a method for individualized
risk stratification has long been sought for
these patients. However, despite all the
promising options, the heterogeneity of the
data and highly complex regulations covering
data protection in Germany would still render
a big data solution for imaging difficult today.
Overcoming these boundaries is challenging,
but the enormous potential advances in
clinical management and science render
pursuit of this goal worthwhile.

Keywords

Data analysis · Decision making · Artificial
intelligence · Magnetic resonance imaging ·
Computed tomography

tasen oder Screeningprogrammen in
der CT möglich ist [4, 5]. Vergleichbare
Verfahren wären auch in der Rheumato-
logie denkbar, sei es bei der Bewertung
pulmonaler Beteiligung bei Systemer-
krankungen oder dem Befunden und
Scoring konventioneller bzw. MR-mor-
phologischer Bildgebung der Hände und
Füße (Synovialitis, Erosionen, Knochen-
marködem am Beispiel automatisierter

Scoringsysteme, z. B. RAMRIS [13]).
Darüber hinaus könnten so neue di-
agnostische Informationen gewonnen
werden, die bisher aufgrund der häufig
nicht vergleichbaren Protokolle bzw. des
fehlenden zentralen Zugriffs der Daten
der klinischen und wissenschaftlichen
Bewertung verborgen geblieben sind. In
Zeiten, in denen gezielt gute prognosti-
sche Marker zur Therapiestratifizierung
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Abb. 39 Übersicht
möglicher Big-Data-
Bildgebungsakqui-
se in Anlehnung an
Kansagra et al. [6]

gesuchtwerden,könntenausBigDatage-
nerierte Marker (sei es in der Bildgebung
oder anderweitig) eine wichtige Rolle
spielen. So könnten sich durch automa-
tisierte Prozesse und Algorithmen auch
neue wissenschaftliche Fragestellungen
ergeben, die aus den bisher primär hy-
pothesengetriebenen Gedankengängen
nicht entstanden wären. Ziel sollte es
daher sein, die bildgebende Forschung
in Deutschland zu homogenisieren (ver-
gleichbare und austauschbare Systeme,
angeglichene Protokolle, zentrale Spei-
cherung, Cloud, „common repository“)
um somit zukünftig ggf. sogar digitale
Bildgebungsregister („digital imaging
register“) etablieren zu können.

» Die bildgebende Forschung
in Deutschland muss
homogenisiert werden

Die hiermit verbundenen Herausforde-
rungen und Schwierigkeiten sollen da-
bei nicht unerwähnt bleiben: Bis heute
sind die erhobenen Daten ohne Zweifel
extrem heterogen. Wir finden Hunder-
te von lokalen Insellösungen, die häufig,
selbst wenn gewollt, nicht vergleichbar
sind. Dies beginnt bei der Aufnahme-
technik, der Hardware, der ausgespielten
Bild-undDateiformateundendetbeiden
hohen Datenschutzhürden. Zudem sind
bildgebende Verfahren nur ein Teil der
möglicherweisezahlreichenAgonistenin

einer Big-Data-Lösung. Hier muss eine
sinnvolleVerknüpfung zu anderenbeste-
henden Datensätzen angestrebt werden
(klinische Daten, serologische Biomar-
ker, ggf. Genetik). Weiter ist unklar, wer
auf Daten zugreifen kann, sei es zur me-
dizinischen oder zur wissenschaftlichen
Auswertung, und welche Institution die
AnalyseapplikationenundInterpretation
bereitstellt. Neue digitale Technologien,
wie z.B. „blockchain“ (ein kryptographi-
sches Verfahren, eingesetzt im estländi-
schen Gesundheitssystem), könnten den
Datenschutz inklusive individualisierter
Zugriffsrechte neu definieren. Ungelöst
ist auch, wie solche Leistungen im jewei-
ligen Gesundheitssystem vergütet wer-
den. All dies zeigt die zahlreichen Her-
ausforderungen, die eine sinnvolle Ver-
wendung vonBigData in der Bildgebung
mit sich bringt. Die Möglichkeiten, die
sich darauswissenschaftlich und klinisch
ergeben könnten, sind es allerdings wert,
diese Herausforderungen anzunehmen.

Fazit für die Praxis

4 Big-Data-Lösungen haben durch
datenbasierte Forschungsansätze
neue und innovative Möglichkeiten
eröffnet.

4 Durch die heute nahezu flächen-
deckende Digitalisierung ist die
Bildgebung in der Medizin prädes-
tiniert, hierbei eine Vorreiterrolle zu
spielen.

4 Automatisierte Auswertungsalgo-
rithmen sind schon heute in Teilbe-
reichen in der Lage, hochreliabel und
präzise Pathologien zu erkennen und
einzuordnen.

4 Dies erscheint auch für bildgeben-
de Verfahren in der Rheumatologie
möglich und könnte einen wich-
tigen Beitrag zur personalisierten
Risikostratifizierung liefern.

4 Allerdings sind durch die sehr hete-
rogenen Daten und strenge Daten-
schutzauflagen ein flächendeckender
Austausch und eine Verknüpfung der
Daten eingeschränkt.

4 Die enormen Möglichkeiten, die
sich aus Big Data in der Bildgebung
ergeben, sollten uns motivieren,
Lösungsansätze zu finden und die
Herausforderungen anzunehmen.
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Fachnachrichten

Virtual Reality soll Menschen in Krankenhäusern und Heimen zu
mehr Lebensqualität verhelfen

Ein Spin-off der Uni Hohenheim entwickelt virtuelle Entspannungs-,

Bewegungs- und Atemübungen, speziell für kranke, demente oder

bettlägerige Menschen.

Bewegung auf grüner Wiese oder eine
entspannende Bootsfahrt auf dem Bodensee

statt trister Krankenzimmerwände: Mit

diesem Angebot will ein Start-up der
Universität Hohenheim in Stuttgart

Patienten in Krankenhäusern und Menschen
mit eingeschränkter Mobilität zu mehr

Lebensqualität verhelfen. Das Uni-Spin-Off

ANDERS VR produziert maßgeschneiderte
Visualisierungen in virtueller Realität und

entwickelt eine selbstlernende App, die sich

individuell auf den Nutzer einstellt.

Psychischer Stress – hohe Folgekosten

Patienten haben so die Möglichkeit,mit 360-

Grad-Aufnahmen für eine gewisse Zeit dem

Krankenzimmer zu entfliehen. Über eine App
können verschiedene Szenarien gewählt

werden, z.B. Naturaufnahmen, angeleitete

Atemübungen oder Entspannungssequen-
zen und auch leichte Bewegungsübungen.

Zahlreiche eigens produzierte Inhalte sol-
len verschiedene Fachbereiche ansprechen.

Ein Fokus werde derzeit auf Krebspatienten

undPatienten in der Schmerztherapie gelegt.
Demnächst sei auch der Einsatz in der Ortho-

pädie, bei Querschnittspatienten und in der

Palliativmedizin vorgesehen. „Wir nehmen
ein Problemmit gravierenden ökonomischen

Folgen in den Fokus“, so Wirtschaftswissen-
schaftler Dr. Andreas Haas von der ANDERS

VR. „Die psychologische Belastung des Pati-

enten kann Einfluss auf die Behandlungszeit
undauchdenBehandlungserfolghaben,weil

Therapien abgebrochen oder nicht gut ange-

nommen werden. Geschätzte 300 Mio. Euro
Folgekosten entstehen daraus pro Jahr. Und

es könntenmehr werden, wenn Krankenhäu-

ser aus Kostengründen weniger Therapeuten
beschäftigen können.“

Langfristiges Ziel: eine Plattform

Langfristig soll das Angebot in eine Plattform

umgewandelt werden, auf die auch andere
Produzenten Inhalte aufspielen können. Die

VR-Brille, das notwendige Handy sowie das

Tablet zum Auswahl der Inhalte, als auch die
Inhalte vermietet ANDERS VR als Paket an

interessierte Einrichtungen.
Das Bundesministerium für Wirtschaft und

Energie sowie der Europäische Sozialfonds

förderten das Start-up über das EXIST-Grün-
derstipendiummit 145.000 Euro.

Universität Hohenheim,
www.uni-hohenheim.de/presse
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ABSTRACT. Objective. Markers for treatment response in rheumatoid arthritis (RA) are lacking. The aim of the
study was to assess the performance of the RA magnetic resonance imaging (MRI) scoring system
(RAMRIS) in combination with serum biomarkers to predict response to methotrexate (MTX)
treatment in therapy-naive patients with early RA by using high-field MRI. 
Methods. Twenty-eight patients with RA were prospectively assessed with baseline 3-T MRI of the
clinical dominant hand, 3 and 6 months after MTX. The patients met the 2010 American College of
Rheumatology/European League Against Rheumatism (EULAR) criteria [average age 56.8 yrs (range
39–74); positive for rheumatoid factor and/or anticyclic citrullinated peptide antibodies; disease
duration < 6 mos (range 2–23 weeks)]. RAMRIS and serum biomarkers consisting of various experi-
mental proteins including receptor activator of nuclear factor- B ligand (RANKL) were obtained.
Remission or treatment response was defined according to EULAR. To adjust for intrapersonal corre-
lation, generalized linear mixed models were used. 
Results. Treatment response at 3 months was associated to low RAMRIS erosion subscores and low
total RAMRIS scores (p = 0.019 and 0.03, respectively). Remission at 6 months was associated to
low RANKL levels (p = 0.033). In multivariate analyses, response at 3 and 6 months was predicted
more accurately with the inclusion of total RAMRIS score, RAMRIS synovitis subscore at the second
metacarpophalangeal (MCP) joint, or a combination of the two (p value likelihood ratio test = 0.035,
0.035, and 0.041, respectively). Remission was more accurately predicted with inclusion of RANKL,
with no significant predictive effect of MRI.
Conclusion. Baseline total RAMRIS can predict EULAR response. RAMRIS synovitis subscore at
the second MCP joint and RANKL are associated with response and remission, respectively. 
(First Release April 1 2018; J Rheumatol 2018;45:753–9; doi:10.3899/jrheum.170797)
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Reaching remission in rheumatoid arthritis (RA) unambigu-
ously is the goal of any antirheumatic therapy1,2. Treatment
guidelines and recommendations published by the American

College of Rheumatology (ACR) and the European League
Against Rheumatism (EULAR) state that all patients
diagnosed with RA should initially be treated with conven-
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tional synthetic disease-modifying antirheumatic drugs
(csDMARD) from the point of diagnosis with the ultimate
aim of achieving this goal3,4. By using modern treat-to-target
strategies, remission or at least low disease activity can be
reached in up to 82% of patients5,6.
    Currently, the absence of rheumatoid factors (RF) and/or
anticyclic citrullinated peptides antibodies (anti-CCP), the
absence of bone erosions in conventional radiographs, the
presence of low disease activity, and early intervention with
csDMARD are considered good prognostic markers5. The
sometimes poor performance of these markers might lead to
under- or overtreatment of patients with early RA7. Owing
to the more sensitive classification criteria introduced by
EULAR/ACR in 2010, patients are now diagnosed and
treated earlier in the course of the disease8. Moreover, the
prognostic markers mentioned above are mostly based on
randomized controlled trials including a homogeneous and
preselected patient population, with generally higher preva-
lence of poor markers and high disease activity, so that gener-
alizability to daily practice may be hampered. There is a lack
of valid prognostic markers to help physicians to assess
clinical response or remission at the onset of the disease in
patients with early RA.
    In clinical practice, radiographs are routinely used in most
parts of the world, although their use in early RA is limited.
Therefore, they are no longer part of the updated classification
criteria for RA8. In contrast, magnetic resonance imaging
(MRI) is a well-evaluated imaging technique and is used more
frequently in daily practice and clinical trials for diagnosis and
therapy control in patients with RA9,10,11. It was previously
shown that MRI can depict typical pathological signs for RA
such as inflammation (e.g., synovitis or tenovaginitis12) and
bony changes early in the disease course, and with sensi-
tivity13,14. These signs correlate to histological changes within
the synovium15. In addition, MRI can reveal bone marrow
edema (BME), which is known to be of high prognostic value
in RA16. So far, the predictive role of MRI prior to initiation
of csDMARD has not been systematically assessed, especially
in a routine setting in patients with early RA.
    Further, serological biomarkers play an increasingly
important role in diagnosis, therapy control, and prognosis
of early RA. Research focused especially on bone and
cartilage in the last decade, with receptor activator of nuclear
factor- B ligand (RANKL) and osteoprotegerin (OPG)
examined and evaluated even in RA17,18,19. However, no data
for early arthritis and the prognostic value for reaching
remission or at least clinical response have been published to
date20.
    In our study, we prospectively investigated the validity of
the Outcome Measures in Rheumatology (OMERACT)
RA-MRI scoring system (RAMRIS) and serological
biomarkers as possible prognostic markers for remission or
clinical response after 3 and 6 months of methotrexate
(MTX) therapy in patients with therapy-naive, seropositive

(RF and/or anti-CCP antibodies) early RA with severe disease
activity [28-joint count Disease Activity Score (DAS28)
baseline about 4.7; C-reactive protein (CRP) about 9.6 mg/l;
Table 1]. The cohort was part of the German ArthroMark
initiative, which aims to assess prognostic markers for RA
[supported by the German Federal Ministry of Education and
Research; ArthroMark (01EC1009)].

MATERIALS AND METHODS
ArthroMark was a multicenter consortium [Berlin (Charité, Deutsches
Rheumaforschungszentrum), Frankfurt, Munich, and Düsseldorf], while the
Düsseldorf location was responsible for the MRI substudy for defining
predictive MRI and serological biomarkers for patients with early RA.
ArthroMark Düsseldorf was a prospective MRI study of patients with
seropositive early RA before initiating a therapy with MTX.

Study design. This was a prospective cohort study (ArthroMark) using
high-field MRI (3-Tesla) of the clinically dominant hand at beginning of the
study (V0) before initiating MTX therapy in patients with early RA, after 3
months (V3), and after 6 months (V6). Prednisone was allowed at the
description of the treating physician, up to 10 mg per day. The study was
conducted in accordance with the principles of the Declaration of Helsinki
and the International Conference on Harmonisation Guidance for Good
Clinical Practice and approved by ethics committees at each site (Charite
Berlin EA1/193/10 and local ethic committee of Heinrich-Heine-University
Düsseldorf 3483).

Patient cohort. Twenty-eight patients with early seropositive RA were
consecutively examined [age 56.8 yrs (range 39–74 yrs); positive for RF
and/or anti-CCP antibody; disease duration < 6 mos (average 16.3 weeks,
range 2–23 weeks)] fulfilling the 2010 ACR/EULAR criteria for RA8.
Patient characteristics are listed in Table 1.
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Table 1. Patient characteristics at the beginning of the study. 

N = 28                                 Values

Male                                    9 (32%)
Female                                 19 (68%)
Age                                      average 56.8 yrs (min 39 yrs, max 74 yrs)
Disease duration                 average 16.3 weeks (min 2 weeks, max 23 
                                            weeks)
RF+ and/or anti-CCP          28 (100%): average RF 215 IU/ml (min 24, max 

antibody+                         2314 IU/ml); average anti-CCP antibodies  
                                            131 U/ml (min 5, max > 200 U/ml)
CRP, baseline, mg/l            average 9.6 (SD 9.3; min 3, max 37)
CRP, V3 (3 mos), mg/l        average 6.5 (SD 8.6; min 3, max 37)
CRP, V6 (6 mos), mg/l       average 3.6 (SD 2.5; min 1, max 12)
DAS28 baseline                  average 4.7 (SD 0.85; min 3.3, max 6.3)
DAS28 V3 (3 mos)             average 3.5 (SD1.3; min 1.6, max 6.2)
DAS28 V6 (6 mos)             average 2.6 (SD 0.83; min 1.6, max 4.8)
RAMRIS baseline               average 29.25 (SD 12.5; min 10, max 59)
RAMRIS V3                       average 27.38 (SD 11.35; min 10, max 57)
RAMRIS V6                       average 27.61 (SD 10.5; min 9, max 52)
Erosion subscore baseline   7.93 (SD 6.7; min 0, max 21)
Erosion subscore V3          9.0 (SD 6.96; min 0, max 21)
Erosion subscore V6          9.1 (SD 7.05; min 0, max 21)
Erosions (radiograph), 

baseline                            1/28 

RF: rheumatoid factor: anti-CCP: anticyclic citrullinated peptide antibodies;
CRP: C-reactive protein; DAS28: 28-joint count Disease Activity Score;
RAMRIS: rheumatoid arthritis magnetic resonance imaging scoring system.
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Clinical assessment. The following EULAR core set of variables was
recorded: patient’s global assessment of overall disease activity, number of
tender and swollen joints, erythrocyte sedimentation rate, and CRP 
(< 5 mg/l). The DAS28 was used to assess disease activity21. Remission was
defined according to the EULAR remission criteria22, and clinical response
according to Fransen, et al23.

Biomarker assessment. Blood serum samples were collected at every visit
(0, 3, and 6 mos) on the same day as the clinical examination, and the MRI
were performed and stored for posthoc analyses after the study. The
following assays were carried out: human Dickkopf-1 (DKK-1; Quantikine
ELISA, R&D Systems); OPG (Biomedica); free soluble RANKL high sensi-
tivity (Biomedica); matrix metalloproteinase 3 (MMP-3; Quantikine ELISA,
R&D Systems); human chitinase 3–like 1 (Quantikine ELISA, R&D
Systems); neuropeptide-Y (NPY; ELISA, RAB0387 Sigma).

Magnetic resonance imaging. All MRI data were acquired on the same
whole-body 3-Tesla MRI scanner (Magnetom Trio A Tim System; Siemens
Healthcare). Images were made using a 4-channel flex coil. Before contrast
media application, a coronal short-tau inversion recovery (STIR) and
T1-weighted turbo spin echo sequence as well as a T1-weighted 3-D fast
low angle shot sequence for T1 mapping using a dual flip-angle approach
were acquired. Afterward, perfusion imaging was acquired with a dynamic
2-dimensional T1-weighted turbo flash sequence. Twenty seconds after the
beginning of the sequence, the contrast agent Magnevist was injected with
a dose of 0.4 ml/kg body weight.

Protocol for delayed gadolinium-enhanced MRI of cartilage (dGEMRIC).
After a 40-min delay, the dGEMRIC imaging sequence was applied, using
a dual flip-angle approach for T1 estimation. The sequence variables were
as follows: repetition time, 15 ms; echo time, 3.34 ms; flip angles, 5° and
26°; field of view, 90 mm × 53 mm; and slice thickness, 2 mm. The
dGEMRIC analysis was performed by 1 radiologist with 6 years of
experience in musculoskeletal imaging. The reader was blinded to RAMRIS
analysis.

RAMRIS scoring. MRI scans were analyzed using RAMRIS23. According
to OMERACT guidelines, RAMRIS was scored in consensus (1 radiologist
with 6 years of experience in musculoskeletal imaging and 1 rheumatologist
with 5 years of experience in musculoskeletal imaging). RAMRIS subscores
including single joint scores were included posthoc. All scorings were
performed by the same readers.

Ethical approval and consent to participate. Ethical approval for the study
was received from the ethics committee of the Heinrich-Heine-University
of Düsseldorf (reference no.: 3483) and the Charite Berlin (EA1/193/10).
All patients provided written informed consent.

Statistical testing. The effect of biomarkers (DKK, OPG, RANKL, MMP,
NPY) and MRI variables (RAMRIS and perfusion) on the outcomes EULAR
response and remission at V6 have been studied in univariate analyses with
the Mann-Whitney U statistical test and in multivariate analyses with logistic
regression models adjusted for DAS28 at V0. Box plots are used to depict
the distributions of markers in the outcome groups.
      To adjust for intrapersonal correlation, we calculated generalized linear
mixed models (GLMM) for the outcomes EULAR response at V6 or
EULAR remission at V6. GLMM are set up with time as the independent
variable and a random intercept for each study subject. Models incorporating
the respective independent variables (biomarkers and MRI variables as
above) were systematically assessed by likelihood ratio (LR) tests comparing
with the null model (M0) that has time as the only independent variable.
MRI scans (RAMRIS scoring) were blinded to the rheumatologist until the
end of the study. All statistical tests are 2-sided, with a significance level of
0.05. P values are not adjusted for multiple testing.

RESULTS
To select potential markers for further assessment, univariate
logistic regression analyses were performed in the

ArthroMark cohort MRI substudy, to investigate the associ-
ation between these markers and clinical remission or
response (according to EULAR criteria) after 3 (V3) or 6
months (V6). The RAMRIS subscore for erosions (p = 0.019)
and total RAMRIS (p = 0.03) score were significantly
associated with response at V3 (Figure 1). No further signifi-
cant results were found for the other imaging markers
assessed for response prediction at either V3 or V6
(Supplementary Material, Table 1, available from the authors
on request). Of note, BME was detectable in only 4 patients
of our cohort. Hence, BME was not further considered in
subsequent analyses.
    Concerning remission, low values of RANKL at baseline
were significantly associated with EULAR remission at V6
(p = 0.033; Figure 2). Other markers including DKK1, OPG,
MMP-3, NPY, RAMRIS and RAMRIS subscores (BME,
erosions, and synovitis) did not show significant results at
either V3 or V6 (Supplementary Material, Table 2, available
from the authors on request). 
    Next, we performed multivariate analyses with the
inclusion of candidate markers identified by univariate
analyses, i.e., RAMRIS, RAMRIS erosion and synovitis
subscore, and RANKL. Models incorporating the respective
variables were systematically tested for EULAR response at
V6 or EULAR remission at V6, respectively. As can be seen
in Table 2, response was predicted more accurately with the
inclusion of either RAMRIS (p value of LR test 0.035),
RAMRIS synovitis subscore at the second MCP joint 
(p value of LR test 0.035), or a combination of the two 
(p value of LR test 0.041). Conventional potential predictors
of response such as baseline DAS28 (Table 2), TJC, SJC, and
CPR were assessed as well, but did not improve prediction
(data not shown).
    As can be seen in Table 3, remission was more accurately
predicted when RANKL was considered, with increasing
RANKL values worsening the chance of remission (p value
of LR test 0.004). In contrast to response prediction, adding
MRI markers (RAMRIS total or subscores) did not signifi-
cantly improve model fit for remission.
    Finally, interreader reliability of MRI scoring at T0 was
assessed to estimate the generalizability of scoring. Smallest
detectable differences were as follows: RAMRIS total score
4.53, RAMRIS synovitis subscore for second MCP joint
3.53, and RAMRIS erosion subscore total 4.07.

DISCUSSION 
Because treat-to-target strategies are increasingly imple-
mented in the therapeutic algorithm and highly effective
antiinflammatory therapies are available, low disease activity
or even remission can be achieved in the majority of patients
with RA5,24,25. Despite these improvements, there is a lack
of valid data for prediction of therapy response or remission
using clinical, serological, or radiographic variables before
starting an antirheumatic therapy. ACR and EULAR recom-
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mend starting a csDMARD therapy immediately after the
diagnosis of RA. Further, it is recommended that patients
with a very high risk for rapid progression be treated initially
with biologicals (for example, antitumor necrosis factor
therapy)3. Accurate tools to select patients who likely profit
from immediate biologic initiation rather than prior
csDMARD therapy are needed. Indeed, ACR and EULAR
stressed the importance of research to accomplish stratifi-
cation and personalization of RA therapy in the future4.
    MRI is used increasingly in clinical trials and in daily
practice26. It was shown that MRI is able to sensitively depict
even subclinical joint inflammation27. To date, there are no
data for the prediction of clinical outcome for high-field MRI
scans of the hand before initiating an antirheumatic therapy
in therapy-naive patients with early RA. RAMRIS is a
validated tool that was investigated and evaluated in many
studies, but was not hitherto evaluated in response or
remission prediction before initiating an antirheumatoid
therapy in patients with early RA28. 
    In our study, high RAMRIS scores were highly associated
with negative therapy response to MTX after 3 months, while
low RAMRIS scores were associated with good or at least
moderate therapy response (as assessed by DAS28 according
to EULAR). This may indicate that RAMRIS is a potential

predictive imaging marker for response. Similarly, high initial
levels of the RAMRIS synovitis subscore of the second MCP
joint showed association with a higher risk for poor response
after 6 months, while there was no association between MRI
value and remission overall. It could be demonstrated that
there is sustaining inflammation in MRI despite clinical
response or even remission as a sign of silent progres-
sion10,26. In support of this, we found that low RAMRIS or
synovitis subscores of the second MCP joint were not
associated with remission. Reasons for this lack of
predictability may be the short therapy duration of only 
6 months and the homogeneous treatment with “only” MTX.
We cannot exclude that a longer followup of patients may
have resulted in therapy response or remission even in those
patients with a high baseline RAMRIS. However, current
treatment guidelines recommend treat-to-target strategies and
advise against tolerating active disease or low disease activity
in biological-naive patients without contraindication1.
    We found a surprisingly low amount of BME in our study.
BME is known to be highly predictive for the development
of erosive disease16. In accordance with this observation,
there was only 1 patient with erosions on conventional
radiographs of the hands at baseline within the current cohort.
We maintain that the low burden of BME or erosive disease
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Figure 1. Comparison of DAS28 responders versus nonresponders (according to EULAR) at 3 months (V3, left side) and 6 months
(V6, right side) depicted by box plots. Erosion subscore (upper half) and total RAMRIS (lower half) were significantly different
between groups at 3 months. At 6 months no significant differences were found. DAS28: 28-joint count Disease Activity Score;
EULAR: European League Against Rheumatism; RAMRIS: rheumatoid arthritis magnetic resonance imaging scoring system.
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is a consequence of the short disease duration of only 16.3
weeks and subsequent immediate treatment. Of note, patients
with BME did not appear to display higher scores in the other
RAMRIS domains, potentially due to the low number of
cases (n = 4).
    Further and longer studies are needed to prove that
RAMRIS is predictive for remission after a longer treatment
period or an escalated treatment.

    In contrast, baseline serum level of RANKL was signifi-
cantly associated with remission in a longitudinal analysis.
RANKL is known to correlate with cartilage and bony
changes in degenerative or inflammatory joint diseases17 and
is considered to contribute to bone destruction in RA29.
    Our data suggest moreover that besides implemented
clinical and serological markers for negative response, a high
RAMRIS and a high synovitis subscore of the second MCP
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Figure 2. Comparison of DAS28 responders versus nonresponders (according to EULAR) at 3 months (V3, left side) and 6
months (V6, right side) depicted by box plots. RANKL was significantly different between groups at 6 months. DAS28: 28-joint
count Disease Activity Score; EULAR: European League Against Rheumatism; RANKL: receptor activator of nuclear factor- B
ligand. 

Table 2. Specifying the marker models for the outcome response.

Y = response status (yes/no)                                M1             M2             M3           M4             M5            M6

Xi =
     Time (in days)                                                  x                 x                 x               x                 x                x
     RANKL                                                           x                                                                                          
     RAMRIS erosion subscore total                                         x                                                                       
     RAMRIS total score                                                                             x                                  x                 
     RAMRIS synovitis subscore MCP-2                                                                     x                 x                 
     DAS28 score at baseline                                                                                                                             x
AIC                                                                    47.22         50.634        49.781      49.799        49.872       52.099
LR test                                                               vs M0        vs M0        vs M0       vs M0         vs M0       vs. M0
p                                                                         0.191         0.0576       0.03473    0.03511      0.04144      0.1435

Bold face indicates significant data. RANKL: receptor activator of nuclear factor- B ligand; RAMRIS: rheumatoid
arthritis magnetic resonance imaging scoring system; MCP-2: second metacarophalangeal joint; DAS28: 28-joint
count Disease Activity Score; AIC: Akaike information criterion; LR: likelihood ratio.
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joint are highly predictive for poor therapy response in
patients with early RA. The data also suggest that patients
presenting high RAMRIS and/or synovitis subscores at a
baseline MRI scan of the hand before initiating antiinflam-
matory therapy have a high risk of responding insufficiently
to a csDMARD therapy, so that a primary biological therapy
or at least a very tight therapy control could be of high value.
The same applies for RANKL as a serum biomarker. Patients
with high titers showed a high risk of not reaching remission
after 6 months of continuous MTX therapy and may thus
potentially be candidates for very tight control or immediate
biological therapy. 
    To our knowledge, this is the first longitudinal study using
GLMM showing the potential predictive value of the
RAMRIS (in total and synovitis subscore of the second MCP
joint) and RANKL, considering intrapersonal differences.
There is a need to perform further studies to validate these
findings and to define a clinically useful prediction model.
Because of the number of patients, we were not able to define
a cutoff value for response or remission (RAMRIS and
RANKL), so that further studies are needed to gain sufficient
data to justify clinical implementation. 
    At baseline, low RAMRIS scores were significantly
associated with therapy response in our longitudinal analysis
using GLMM. RAMRIS synovitis subscores at the second
MCP joint and RANKL were significantly associated to
response or remission, respectively. Our data suggest that
MRI and biomarkers may aid response prediction and facil-
itate patient selection for intensified therapy in the future.
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Abstract
Objective

The aim of the study was to investigate biochemical cartilage composition under methotrexate (MTX) therapy and to 

patients with early rheumatoid arthritis (eRA). 

Methods

Results

Conclusion
Under MTX therapy, biochemical cartilage integrity remains stable; no further cartilage destruction occurred if 

patients were treated early in the course of the disease. In addition, six months of MTX therapy triggered an alignment of 
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Introduction
Rheumatoid arthritis (RA) is charac-

-
via that can result in progressive joint 
destruction resulting in long-term 
functional disability (1, 2). The extent 

-
brane correlates with joint destruction 
and functional impairment (3-5). This 
implies the importance of early treat-
ment in RA reaching remission of the 

therapy guidelines and recommenda-
tions of the American College of Rheu-
matology and the European League 
Against Rheumatism that recommend 
all patients diagnosed with RA should 
be treated with conventional synthetic 
disease-modifying drugs, ideally before 
erosive disease will be detected (6, 7). 
Although patients contemporary gave 
the diagnosis RA and treated by the 
existing guidelines, some show erosive 
progression of the disease (1, 8). This 
has put magnetic resonance imaging 
(MRI) of bony and cartilage damage in 
the focus of monitoring RA. In 2003, 
the Outcome Measures in RA Clinical 
Trials group with the RA MRI Score 
(RAMRIS) established a highly reliable 
sum-score based on the semi-quantita-
tive rating of the severity of synovitis, 
bone marrow oedema and erosions in 
hand and wrist joints that has been ap-
plied in therapy-response trials in RA 
(9, 10). However, cartilage destruction 

This is all the more relevant in view of 
the study of Aletaha et al. who demon-
strated that physical disability in RA is 
associated with cartilage damage rather 
than bone destruction (11). Delayed 
gadolinium-enhanced MRI of the car-
tilage (dGEMRIC) is a highly reliable, 
histologically controlled MRI feature to 
visualise proteoglycan loss in cartilage 
composition (12-15). With dGEMRIC, 
it is possible to detect proteoglycan 
loss after the intravenous application 
of negatively charged contrast agent 
(gadolinium diethylenetriamine pen-
taacetate anion – Gd-DTPA). The nega-
tively charged Gd-DTPA penetrates 
cartilage in an inverse relationship to 
the concentration of negatively charged 
glycosaminoglycan side chains of pro-
teoglycan. A depletion of proteoglycan 

content in degenerated cartilage results 
in an accumulation of the paramag-
netic gadolinium ions (16, 17). This 
consecutively accelerates T1 relaxa-
tion time (18). Even in early RA (eRA), 
molecular cartilage damage could be 
found in this early stage of the disease 
while morphological alterations are not 
visible (19, 20). We know that struc-
tural bony destructions develop mostly 
at bare area, an area without cartilage 
coat. This protection is at stake in pro-
gressive disease and may lead to severe 
joint destruction. Additionally, McG-
onagle et al. found erosion formation 
which may not necessarily depend on 
the presence of a bare area (21). They 
found lesser bone destruction at these 
areas, so they conclude that cartilage 
coat minimise bone damage. However, 
cartilage damage is an important part 
of the disease progression in RA, and 
studies assessing joint space narrow-
ing on conventional radiography have 
shown that joint space narrowing is 
independently associated with func-
tional impairment and decreased work 
ability (22). The IMAGINE-RA trial 

treatment in RA (23). According to the 
European League Against Rheumatism 
recommendations, therapy with metho-
trexate (MTX) is the anchor of the treat-
ment management in early RA (24). The 
aim of our study was to investigate bio-
chemical cartilage composition under 
MTX therapy and to intra-individually 

severity and cartilage integrity by using 
dGEMRIC in patients with eRA. Our 
hypothesis was that MTX halts molecu-
lar cartilage degradation over time. 

Material and methods

Our study was approved by two local 
ethics committees (study number 3828; 
request number EA1/193/10). In-
formed consent was obtained from all 
individual participants included in the 
study. Metacarpophalangeal joints of 

-

weeks; min. 2 weeks, max. 23 weeks) 
-

ria from the ArthroMark study cohort 
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(mean age: 56.8 years; min. 39 years, 
max. 74 years; 18 females; 10 males) 
were enrolled in this prospective study, 
examined at a 3T MRI system (Mag-
netom Trio A Tim System; Siemens 
Healthcare, Erlangen, Germany) of the 
clinically dominant hand (hand with 
more pain and swollen joints compared 
to the other hand, scored by rheuma-
tologist (25)). MRI was performed at 
baseline (prior to therapy) and three 
and six months after starting of MTX 
therapy. RAMRIS, including synovi-
tis, oedema and erosion subscores, and 
clinical parameters (CRP and DAS28) 
were registered at all time points (26). 

MR protocol
MRI was performed of the dominant-
ly affected hand on a 3T MRI system 
(Magnetom Trio; Siemens Healthcare). 
Subjects were imaged in a prone posi-
tion with the hand extended over the 
head. For anatomical imaging, a coro-
nal short tau inversion recovery (STIR) 
sequence, T1-weighted turbo spin echo 
(TSE) sequence and two 3D fast low an-
gle shot (3D-FLASH) sequences using 

-
ping were acquired before injection of 

contrast agent. After contrast agent in-
jection, a coronal TSE and a transversal 
SE-sequence with fat suppression were 
applied. Sequence parameters were 
chosen accordingly to a previous study 
(20) and are listed in Table I. Gadolin-
ium-MRI contrast agent was applied 
intravenously (0.4 ml/kg body weight 
of Gd-DTPA2-, Magnevist; Schering). 
Biochemical MRI with dGEMRIC of 
the MCP joints of the index and middle 

loop surface coils placed above and 
beneath the MCP joint. The size of the 
coils and the FOV limited the examina-
tion to two adjacent joints: MCP 2 and 
3. dGEMRIC was acquired 40 min af-
ter contrast agent administration (17). 

angles) was used for T1calculation 
(17). Flip angles were set to 5° and 
26°. Twenty-two sagittal slices with a 
thickness of 2mm were positioned per-
pendicular to the joint spaces. The ma-
trix of 312×384 provided an in-plane 

time was 2.25 min. To reduce move-
ment artefacts, motion correction was 
performed on each patient’s MCP joint 

before image analysis using STROKE-
TOOL (Frechen, Germany) (27).

Image analysis 
MR images were analysed according to 
RAMRIS in consensus by two radiolo-
gists trained in musculoskeletal imag-
ing to assess synovitis subscore (range 
0–3), especially of MCP 2 and 3. The 
two readers were blinded to patients’ 
data and dGEMRIC values. In the cases 
of identical RAMRIS synovitis sub-
scores in MCP 2 and 3, a subjective gra-
dation into the joint with more severe 
synovitis and the joint with less severe 
synovitis was undertaken by the two ra-
diologists in consensus. Based on this 
data, the RAMRIS synovitis subscore 
of second and third MCP, each patient’s 
pair of MCP2 and MCP3 was dichot-
omised into the joint with more severe 
synovitis versus the joint with less 
severe synovitis (‘bad joint vs. good 
joint’) according to a prior study of our 
working group (19). Molecular imaging 
with dGEMRIC was performed of sec-
ond and third MCP. To determine car-
tilage quality, T1 maps were analysed 
using region of interest (ROI) measure-
ments. T1 values were calculated pixel-

angle of 5° were used as anatomic ref-

ROIs were set in the phalangeal and 
metacarpal cartilage of the MCP joints 

ROIs were transferred to the co-regis-
tered T1 map. The dGEMRIC index in 
ms was recorded.

Statistical analysis was performed us-
ing MATLAB (MathWorks, Natick, 

-
dence intervals for the mean values, 

Table I.

Sequence/ STIR T1w-TSE 3 D-FLASH TSE with SE with 3D-FLASH
parameter without without without contrast contrast with
 contrast contrast contrast agent agent contrast
 agent agent agent     agent

Orientation coronal coronal coronal coronal transversal Sagittal
TE/TR (ms/ms) 31 / 5560  25/ 860 1.44/ 15 25/ 120 12/ 765 3.34 / 15
Flip angle (°) 120 150 5 and 26 150 90 and 120 5 and 26
Slice thickness (mm) 2.5  2.5 3 2.5 2.5 2.0
Field of view FOV 120 x 120 120 x 120 160 x 160 120 x 120 120 x 60 90 x 53.5 
   (mm x mm) 
Number of acquired slices 17 17 14 17 17 22
Time interval between - - - - - - 
   two acquisitions 
Number of images 1 1 2 1 1 2

Table II.

D2 Index Finger (ms) General Low synovitis (‘good joints’) High synovitis (‘bad joints’)

 T0 T3 T6 T0 T3 T6 T0 T3 T6

Mean  344.07 361.11 367.23 381.38 396.63 393.74 324.90 376.33 359.45
Std. 78.32 79.88 69.73 74.56 73.48 50.43 96.44 111.81 64.08
Min. 250.78 189.46 192.28 290.70 304.27 320.51 212.05 217.92 282.14
Max. 514.22 528.97 505.29 493.08 528.97 439.21 520.07 566.64 477.87
Lower Limit 310.57 326.95 337.41 326.14 342.20 356.38 253.46 293.50 311.98

Median 331.46 354.53 379.49 391.70 409.97 422.42 296.42 381.97 352.61
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median and standard deviations for 
dGEMRIC indices were calculated as 
descriptive statistics (listed in Tables 
II-IV). 
Kolmogorow-Smirnow-Lilliefors tests 
were used for testing normal distribu-

normally distributed data) was applied 
to show the differences of cartilage 
composition with the dGEMRIC in-
dex of second and third MCP joints 
between the different time points be-
fore and after the initiation of MTX 
therapy. Wilcoxon paired rank sum test 
for dichotomous analysis was applied 
to compare dGEMRIC index of the 
MCP joints with more severe synovitis 
(‘bad joints’) and less severe synovitis 
(‘good joints’) to illustrate if param-

-
ferent time points (0, 3 and 6 months). 
p-values below 0.05 were considered 

Results
Descriptive analysis of dGEMRIC in-
dex in milliseconds (mean, standard 
deviation, median minimum, maxi-
mum, upper and lower limit of the 95% 

as well as separated into low synovitis 
(‘good joints) and high synovitis (‘bad 
joints’), at the three different time 
points (T0 = baseline MRI before MTX 
treatment; T3 = three months, T6 = six 
months after beginning of MTX thera-
py) are summarised in Tables II-IV. 
Additionally RAMRIS synovitis sub-
score demonstrated a decrease after 
three months of MTX therapy on MCP 
2 (T0: 2.5; T3 2.0) and MCP 3 level 
(T0: 2.36; T3 2.04). Further, there also 
was a decrease in the RAMRIS oedema 
subscore on MCP 3 level after three 
and six months (T0: 0.43; T3: 0.29; T6: 
0.29).

cartilage under MTX therapy
dGEMRIC index of second and third 

-
ence between T0 and T3 (D2: p=0.45; 
D3: p=0.55) and between T0 and T6 
(D2: p=0.15; D3: p=0.42) (Fig. 1-3). 

-

MCP joints with more severe synovitis 
-

ly lower dGEMRIC values compared 
to MCP joints with less severe synovi-
tis (‘good joints’) at time-point 0 and 3 
months (p=0.002; p=0.019, respective-
ly). After 6 months of MTX therapy, 

index was found between good and bad 
joints (p=0.086) (Fig. 4-5). RAMRIS 

Table III.

D3 Middel Finger (ms) General Low synovitis (‘good joints’) High synovitis (‘bad joints’)

 T0 T3 T6 T0 T3 T6 T0 T3 T6

Mean 400.65 423.76 392.71 438.52 447.48 409.34 325.41 343.35 353.98
StD. 110.82 129.33 82.69 99.84 134.70 87.93 75.80 79.40 75.75
Min. 212.05 217.92 244.54 280.90 226.08 244.54 250.78 189.46 192.28
Max. 577.00 724.20 556.74 576.98 724.20 556.74 514.22 448.56 505.29
Lower limit X 353.25 368.44 357.34 386.23 376.92 363.28 285.70 301.76 314.30

Median (X) 372.39 392.31 364.52 444.83 443.96 405.51 303.50 343.14 371.89

Table IV.

Total D2+D3 Low synovitis High synovitis

 T0 T3 T6 T0 T3 T6

Mean 400.65 423.76 392.71 344.07 361.11 367.23
Std. 110.82 129.33 82.69 78.32 79.88 69.73
Min. 212.05 217.92 244.54 250.78 189.46 192.28
Max. 576.98 724.20 556.74 514.22 528.98 505.29
Lower Limit 353.25 368.44 357.34 310.57 326.95 337.41

median 372.39 392.31 364.52 331.46 354.53 379.49

Fig. 1. dGEMRIC 
index in ms of MCP 
D2 of the different 
time points (from 
left to the right: T0, 
T3 and T6). 

-
ference was found 
between the differ-
ent time points.

Fig. 2. dGEMRIC 
index in ms of MCP 
D3 of the different 
time points (from 
left to the right: T0, 
T3 and T6). 

-
ference could be re-
vealed between the 
different time points.
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-
ly higher scores in ‘bad’ versus ‘good’ 
joints (p=0.02; 2.64 vs. 2.18). 

Discussion
Treat-to-target strategies are key con-
cepts in current RA therapy manage-
ment by which achieving remission or 
at least low disease activity via a rapid 
diagnosis combined with the use of cs-
DMARDs, like MTX, is possible in the 
majority of patients (28-31). Subclini-

trigger for progressive joint destruction 
was reported and puts preservation of 
joint integrity into focus of therapy (1, 
8). Our results revealed a stop of car-
tilage degradation under MTX therapy 
in a six months follow up. Herz et al. 
investigated the relation between in-

degradation measured with biochemi-
cal and morphological MRI (32). They 
demonstrated an association with high 
synovitis and proteoglycan loss meas-
ured by dGEMRIC. 
A depletion of the proteoglycan content 

-
creased accumulation of contrast me-
dium and an accelerated T1 relaxation 
time that can be detected with dGEM-
RIC (13, 19). In this context, joints 
with a higher RAMRIS synovitis sub-

dGEMRIC values in an intraindividual 
analysis. To diminish confounders be-
tween subjects such as disease duration, 
age, gender, or therapy effects, we com-
pared particular pair of adjacent joints in 
each patient (19). Our follow up study 
displayed higher cartilage destruction 
in joints with higher synovitis subscore 

(‘bad joints’) compared to joints with 
lower synovitis subscore (‘good joints’) 
at baseline and three months after start 
of MTX therapy. Six months after ini-
tiation of MTX therapy, we found an 
alignment between the proteoglycan 
loss of the previously ‘bad and good 
joints’. Our results support the concept 

with cartilage damage on a single joint 
level and can be stopped with antirheu-
matic therapy. In MCP D2, dGEMRIC 
indices increased over time. This may 
be a healing effect of the cartilage with 
higher proteoglycan content after the 
initiation of therapy. This effect was 
already described in knee joints after 
exercise (33). In RA, this effect was not 
described yet. In our study, the dGEM-

is possible that artefacts of molecular 
imaging lead to the increase. We had no 

Our study has limitations. One limita-
tion was the small number of patients 
investigated in this study. This was 
partly due to the strict requirements of 
this study including only patients with 
early RA which were investigated at 
three time points. Further longitudinal 

-
sults. No synovial and cartilage biop-
sies for histological analysis as a gold 

-
mation were available. Only few stud-
ies prepared synovial biopsies as gold 
standard (15). However, RAMRIS 
synovitis sub-score and dGEMRIC 
are well established methods to assess 

-
tilage damage (35). Additionally, the 
dGEMRIC values vary among different 
studies and protocols (32). The lack of 
a standard protocol for biochemical car-
tilage imaging limits the comparability 
of dGEMRIC between individual stud-
ies. Additionally, there is major overlap 
when comparing the different groups 
and dGEMRIC indices. This has to be 
taken into account when interpreting 
the results.
In conclusion, under MTX therapy, 
biochemical cartilage integrity remains 
stable, no further cartilage destruction 
occurred in the six month follow up. 
This might be explainable through re-

Fig. 3. Colour-coded dGEMRIC map with low dGEMRIC index in red and high dGEMRIC index in 

damage could be illustrated. In contrast, subtle higher dGEMRIC index in T6 could be displayed.

Fig. 4. ‘Bad joints’ 

lower dGEMRIC in-
dex compared to ‘good 
joints’ at baseline meas-
urements and three 
months after MTX 
therapy. Six months af-
ter the initiation of MTX 

difference between ‘bad 
and good joints’ could 
be found.



184 Clinical and Experimental Rheumatology 2019

High-resolution MRI in early rheumatoid arthritis / P. Sewerin et al.

addition, six months of MTX therapy 
triggered an alignment of dGEMRIC 
index of MCP joints with initially se-
vere synovitis and less severe synovitis 
in an intra-individual assessment. This 
underlines the importance of an early 
treatment in eRA to reduce further car-

dGEMRIC may be an important tool to 
detect early molecular damage of carti-
lage in RA.
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MRT-Diagnostik bei
entzündlichen Gelenk- und
Wirbelsäulenerkrankungen:
Protokolle und Spezial-
sequenzen: Wann und wozu?

Bildgebende Untersuchungen stellen
wichtige Hilfsmittel bei der Diagnostik
und Differenzialdiagnostik entzündlich
und degenerativ rheumatischer Gelenk-
und Wirbelsäulenerkrankungen dar.
Die konventionelle Röntgendiagnostik
diente hierbei lange Zeit – ob ihrer vielen
Vorteile – als der bildmorphologische
„Goldstandard“. Die Tatsache, dass ra-
diologische Veränderungen aber oft erst
Monate nach einer Gelenkentzündung
mittels konventioneller Röntgenunter-
suchung sichtbar werden, macht diese
Technik für die Frühdiagnostik weitest-
gehend unbrauchbar, wobei ein primäres
Röntgenbild bei der Diagnosestellung
weiterhin empfohlen wird. Grund ist
unter anderem, dass Erosionen im kon-
ventionellen Röntgen nach wie vor
wichtig für die Prognoseabschätzung
bleiben. Somit werden sensitivere bild-
gebende Verfahren wie hochauflösender
Ultraschall und die Magnetresonanz-
tomographie (MRT) heutzutage immer
mehr in Klinik, Praxis und Studien zur
frühen Diagnoseabsicherung als auch
Therapiekontrolle eingesetzt.

Die MRT hat hier einen besonde-
ren Stellenwert, denn ihr obliegt das
Potenzial – aufgrund der Schnittbild-
technik und verschiedener Wichtungen
und Sequenzen – Veränderungen im
und um das Gelenk bzw. der Wirbel-
säule frühzeitig im Krankheitsverlauf
abzubilden. MR-morphologisch können

so Gelenkerguss, Synovialitis, Tenova-
ginitis, Enthesitis, inzipiente Knorpel-
und Knochenstoffwechselstörungen und
die Erosion als auch Gelenkumbau und
-anbau (Syndesmophyt, Osteophyt) si-
cher erfasst werden. Auch subklinische
Entzündungen oder frühe degenerative
Veränderungen z.B. auf Knorpelebene,
welche dem konventionellen Röntgen-
bild entgehen, können mithilfe der MR-
Technik eher aufgedeckt werden.

Durch die Entwicklung von MRT-
Scoring-Instrumenten (z.B. RAMRIS für
Hand/Fuß[1],verschiedeneMRT-Scores
für die Wirbelsäule [2], WORMS für
Kniegelenke [3]) können MRT-Befunde
semiquantitativ graduiert werden und
sind somit standardisiert vergleichbar,
was für Studien und wissenschaftliche
Fragestellungen unabdingbar geworden
ist.

Alle diese Vorteile tragen dazu bei,
dass die MRT inzwischen praxistauglich
regelhaft in der Rheumatologie einge-
setzt, in EULAR-Empfehlungen zur Di-
agnostik der RA genannt wird und bei
den entzündlichen Wirbelsäulenerkran-
kungen auch Teil der ASAS-Klassifikati-
onskriterien geworden ist.

Es ist zu erwähnen, dass neben der
MRT auch die Sonographie in der Lage
ist, bildmorphologisch Pathologien, ins-
besondere derperipherenGelenke, zu er-
fassen und zu bewerten [4]. Heute steht
die Sonographie nahezu flächendeckend

sowohl im klinischen als auch im ambu-
lanten Setting zur Verfügung und wird
hier regelhaft eingesetzt. Trotz der tech-
nischen Fortschritte ist die Sonographie
nach wie vor nicht geeignet, um valide
Pathologien des Achsenskeletts abzubil-
den. Hinzukommend ist bisher nur die
MRT in der Lage, das prognostisch wich-
tige Knochenmarködem zu erfassen, was
anderenbildgebendenVerfahrenund so-
mit auch der Sonographie nicht gelingt
[5].

Als Rheumatologen sind wir gefor-
dert, die Grundlagen der MRT-Technik
zu verstehen, die Ergebnisse zu bewer-
ten undmit Anamnese, Klink und Labor
in einen Kontext zu setzen. Dies bedeu-
tet, dass auch die MRT-Diagnostik Teil
unserer Ausbildung ist und eine konti-
nuierliche Fort- undWeiterbildung nach
sich zieht.DieserGrundsatz bedingt aber
auch die intensive Kommunikation und
den regelhaften Austauschmit den Fach-
kollegen der Radiologie, welche in der
Regel die MRT-Diagnostik durchführen.
Nur die gezielte und überprüfte Indika-
tion zur MRT-Diagnostik, die korrekten
Angaben von Informationen zur Erkran-
kung und zum Patienten als auch der
fachlicheAustauschmit den befundenen
ärztlichen Kolleginnen/en zur entspre-
chenden MRT-Untersuchung wird die
Qualität dieser radiologischen Leistung
noch weiter verbessern, was letztendlich
unseren Patienten zugutekommen wird.

538 Zeitschrift für Rheumatologie 6 · 2018



Abb. 18 a STIR-Sequenz der Hand, koronare Schnittführung; Patientmit einer RA. Nachweis eines
Knochenmarködems und einer Synovialitis Metacarpophalangealgelenk (MCP)Digitus (D) 3 sowie
eine Erosion an der Basis desMittelhandknochens (MHK) 3.b T1-Sequenz der Hand, transversale
Schnittführung, fs post Kontrastmittel (KM), Nachweis einer Synovialitis und einer Tenovaginitismit
punctummaximumD3

In den folgenden Abschnitten werden
die derzeit relevanten MRT-Protokolle
respektive Spezialsequenzen und ergän-
zenden praxisnahen Empfehlungen zur
MRT-Diagnostik von rheumatischen
Erkrankungen peripherer Gelenke und
des zentralen Achsenskeletts synoptisch
und stichwortartig zusammengefasst
und vorgestellt.

Allgemeine Grundsätze in der
Untersuchung vonWirbelsäule
und Gelenken

Durch die immer bessere Verfügbarkeit
und die sinkenden Kosten werdenMRT-
Untersuchungen heute auch zunehmend
im klinischen Alltag eingesetzt. Unter-
suchungendesBewegungsapparateswer-
denmeist inMRT-SystemenmitMagnet-
feldstärken von 1,5–3 Tesla (T) durchge-
führt, die eine hohe Auflösung bei rela-
tiv kurzenUntersuchungszeiten ermögli-
chen. Besondere Indikationen und Tech-
niken ergeben sich für Niederfeldgerä-
te (0,2T), die in einem eigenen Kapi-
tel besprochen werden. Es muss beach-
tet werden, dass die Unmöglichkeit ei-
ner suffizienten Fettunterdrückung mit-
telskontrastunterstützterSequenzeneine
wesentliche Einschränkung für das Nie-
derfeld-MRT darstellt, da eine frequenz-
selektive Fettsättigung aufgrund des nur

geringen „chemical shift“ zwischenWas-
serundFettbeiniedrigerMagnetfeldstär-
ke nahezu unmöglich ist.

Allgemein ist zu bedenken, dass spe-
zifische Kontraindikationen zu beachten
sind, die vor einer Untersuchung be-
sprochenwerden müssen. Hierzu zählen
Klaustrophobie, akute und chronische
Niereninsuffizienzen (z.B. beiDialysepa-
tienten bzw. einer GFR von <30ml/min
wegen des erhöhten Risikos für ne-
phrogene systemische Fibrosen [NSF]),
bekannte KM-Allergien (Gadolinium)
oder Schwangerschaft. Hinzukommend
sollten besondere Kautelen, wie etwa
Implantate (die heute häufig MRT-fä-
hig sind), Herzschrittmacher und Stents
(die nach Endothelialisierung ins MRT
dürfen), ebenfalls frühzeitig diskutiert
werden.

Neben dem Scanner selbst ist zu
beachten, dass Gelenke mit dezidier-
ten Spulensystemen (z.B. für Knie-,
Schulter- oder Handgelenke) untersucht
werden sollten um die optimale Auflö-
sung und Signalausbeute zu garantieren.
Für die Untersuchung der Wirbelsäule
ist häufig bereits eine spezielle Spule im
Untersuchungstisch integriert.

Zu Beginn einer Untersuchung wer-
den immer Übersichtsbilder (sog. „lo-
calizer“) mit einer T1- und einer T2-
gewichteten Sequenz in 2 Ebenen aufge-

nommen. Das T1-Bild zeigt primär die
morphologischen Details, das T2-Bild
zeigt hingegen optimal pathologische
Flüssigkeitsansammlungen in Gelenken,
Sehnenscheiden, Knochen (Knochen-
marködeme; Osteitis) und Sehnenan-
sätzen (Enthesen). Anschließend sollte
versucht werden eine kontrastmittel-
unterstützte (Kontrastmittel [KM]) T1-
gewichtete Sequenz mit Unterdrückung
des Fettsignals in 2 bis 3 Schnittebe-
nen einzusetzen (z.B. durch „chemical
shift“ oder „Dixon“-Technik). Alternativ
können nicht fettgesättigte T1-gewich-
tete Bilder nach KM-Gabe generiert
werden, die in der Folge automatisiert
von den nativen T1-gewichteten Bil-
dern subtrahiert werden und dadurch
eine Kontrastmittelanreicherung sicht-
bar macht. Durch die Unterdrückung
des Fettsignals bzw. die Subtraktions-
technik kommt entzündliches Gewebe
(z.B. eine entzündliche Synovialprolife-
rate) selektiv signalreich zur Darstellung
und lässt sich vom umgebenden Fett-
gewebe gut abgrenzen. Im Bereich der
Wirbelsäule und der Iliosakralgelen-
ke (ISG) kann alternativ zu den KM-
unterstützten Sequenzen eine Short-
Tau Inversion Recovery (STIR)-Sequenz
eingesetzt werden, die ebenfalls eine
hohe Auflösung bei guter Angrenzung
von pathologischen Wasseransammlun-
gen ermöglicht und eine Fettsuppression
durch einen speziellenAnregungsimpuls
erreicht. In der Diagnostik der Wirbel-
säule gilt die STIR-Sequenz den KM-
unterstützten T1-gew. Sequenzen als
gleichwertig, in der Gelenkdiagnostik ist
die STIR-Sequenz abermeist unterlegen,
weil Erguss und Synovialproliferat nicht
gut zu unterscheiden sind, sodass hier
weiterhin der Einsatz von KM empfoh-
len wird. Eine weitere Möglichkeit der
suffizienten Fettunterdrückung zur Dar-
stellung von Flüssigkeitsansammlungen
bietet die „turbo inversion recoverymag-
nitude“ (TIRM)-Technik, die bereits bei
der Darstellung von Osteomyelitiden bei
Kindern zur Anwendung gekommen ist
[6].
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Empfohlene MRT-Protokolle:
Extremitäten

Hand (Hochfeld-MRT)

Gerät. 1,5–3T MRT (Hochfeld-MRT);
3T ist 1,5T oder Niederfeld-MRT
(0,2–1,5T; s. unten) vorzuziehen, da
ein höheres Signal-zu-Rausch-Verhält-
nis (SNR) zu einer besseren räumlichen
und zeitlichen Auflösung führt respek-
tive zu einer Kontrastverstärkung.

Indikation. Frühdiagnostik und Thera-
piekontrolle der rheumatoiden Arthritis
(RA)/Psoriasisarthritis (PsoA), Differen-
zialdiagnostikbei typischenMusternund
Studien [9].

MRT-Pathologien. Synovialitis, Erosion,
Knochenmarködem(„bonemarrowede-
ma“ [BME]), Enthesitis, Tenovaginitis,
Erguss.

Nebenbefunde. Traumatische und de-
generative Veränderungen.

Spule. Handspule, Oberflächenspule.

Lagerung.Bauchlage in„Superman“-Po-
sition oder Rückenlage, Hand über Kopf
oder Hand unter Gesäß. Alternativ ist
heute auch eine Off-Center-Lagerung in
einer dedizierten Handspule bei moder-
nen Geräten möglich.

MRT-Protokoll. Obligat sollten eine
STIR/TIRM coronar (cor), T1 cor na-
tiv und eine transversale Sequenz T2 fs
(„fat-saturated“/fett-unterdrückt), PD fs
oder STIR/TIRM durchgeführt werden.
Alternativ zur T1 nativ kann eine 3D-
GRE cor (z.B. VIBE/THRIVE oder Di-
xon-VIBE) zur Detektion von Erosionen
eingesetzt werden. Zur Abbildung der
Synovialitis kann nach KM-Applikati-
on eine T1 fs cor und ggf. transversal
(tra) durchgeführt werden. Alternativ
kann mittels Subtraktionstechnik eine
nicht fettgesättigte T1 post-KM von der
nativen T1 subtrahiert werden, voraus-
gesetzt die Sequenzparameter werden
zwischen beiden Sequenzen nicht ver-
ändert (. Abb. 1; [7, 8]).
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MRT-Diagnostik bei entzündlichen Gelenk- und
Wirbelsäulenerkrankungen: Protokolle und Spezialsequenzen:
Wann undwozu?

Zusammenfassung

Die Magnetresonanztomographie (MRT)
stellt heutzutage in der Rheumatologie einen
wichtigen Bestandteil bei der bildgebenden
Diagnostik und Therapiekontrolle bei
entzündlichen und nichtentzündlichen
Erkrankungen der Wirbelsäule und peripherer
Gelenke dar. Die richtige Wahl geeigneter
und praktikabler MRT-Protokolle und Se-
quenzen stellen den MRT-anfordernden und
indikationsstellenden Arzt aber häufig vor
große Herausforderungen. In der folgenden
Übersichtsarbeit werden Empfehlungen und

Vorschläge für MRT-Untersuchungsprotokolle
für die Anwendung in Klinik und Praxis
gegeben und neue Sequenzen evaluiert
und bewertet, um für die Rheumatologie so
in Zukunft möglichst standardisierte und
vergleichbare Untersuchungen zu generieren
und die Qualität der radiologischen Leistung
so zu optimieren.

Schlüsselwörter

Magnetresonanztomographie · Protokolle ·
Sequenzen · Arthritis · Spondyloarthritis

MRI diagnostics in inflammatory joint and spinal diseases:
protocols and special sequences: when and for what?

Abstract

Magnetic resonance imaging (MRI) is
an important component in rheumatology for
imaging diagnostics and therapy monitoring
of inflammatory and non-inflammatory
diseases of the spine and peripheral joints.
The correct selection of suitable and practical
MRI protocols and sequences represents
a great challenge for physicians with respect
to requesting and interpreting the indications
for MRI investigations. This review article
provides recommendations and suggestions

for MRI investigation protocols for clinical
utilization and practice. New sequences
are evaluated and assessed in order to
generate the best possible standardized and
comparable examinations for rheumatology
in the future and therefore optimize the
quality of radiological interventions.

Keywords

Magnetic resonance imaging · Protocols ·
Sequences · Arthritis · Spondyloarthritis

Zusatzinformation. Das „field of view“
(FOV) der koronaren Bildgebung um-
fasst in der Regel die komplette Hand
von der Fingerspitze bis zumdistalenRa-
dius/Ulna. Zur detaillierten Analyse der
arthritischen Veränderungen kann alter-
nativdasFOVverkleinertwerden,beiRA
dasRadiocarpalgelenk einschließlich der
MCP-Gelenke umfassen, bei PsoA von
der Fingerspitze bis zu den MCP-Ge-
lenken reichen. Die transversalen Bilder
umfassen bei RA die MCP-Gelenke, ggf.
das Radiocarpalgelenk; bei PsoA sollten
die transversalen Bilder die Fingerspitze
bis inklusive die PIP-Gelenke umfassen,
wobei bei der Wahl des FOV immer die
Beschwerden des einzelnen Patienten als
Grundlage des Protokolls dienen sollten;
es sollte eine Schichtdicke von 2–3mm
gewähltwerden; dieApplikation vonKM

erfolgt gewichtsadaptiert: 0,2ml/kg Kör-
pergewicht (maximal 20ml)undwird für
alleweiterenUntersuchungsprotokolle in
gleicher Dosierung angewendet.

Limitationen. Klaustrophobie, Lage-
rung, Dauer.

Dauer der Untersuchung. Untersu-
chungszeit einschließlich Gabe von KM:
RA: 20–30min; PsoA: 25–35min.

Scoring. Rheumatoid Arthritis Magnet-
ic Resonsance Imaging Score (RAMRIS;
RA; [1]), PSAMRIS (PsoA; [10, 11]).

Fuß (Hochfeld-MRT)

Gerät. 1,5–3T MRT.
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Abb. 29 a T1-Sequenz
des Fußes, koronare
Schnittführung, Patient
mit einer PsoA; fs post KM;
Nachweis einer Syno-
vialitismit begleitender
Weichteilbegleitreakti-
on.b STIR-Sequenz des
Fußes, sagittale Schnittfüh-
rungmit Nachweis einer
Daktylitis des 3. Strahles

Abb. 38 STIR-Sequenz des Os sacrummit
Nachweis einer akuten Sakroiliitis bei einem
Patientenmit einer axialen Spondylitis

Indikation. Frühdiagnostik und Thera-
piekontrolle der RA/PsoA, Differenzial-
diagnostik.

MRT-Pathologien. Synovialitis, Erosion,
BME, Enthesitis, Tenovaginitis.

Spule.Kopfspule,beikleinenFüßenauch
Kniespule möglich.

Lagerung. Rückenlage, Füße voran
(Neutral-Null-Stellung).

MRT-Protokoll. Obligat sollten korona-
re Sequenzen angefertigt werden: PD
fs, STIR/TIRM oder T2 fs. Transversal
sollten PD fs, STIR/TIRM oder T1-
Sequenzen durchgeführt werden. Zu-
sätzlich können PD fs sag oder T1 TSE
cor-Sequenzen angefertigt werden. Nach
KM-Applikation sollten T1 fs-Sequen-
zen, wenn möglich in allen 3 Raum-
richtungen, ergänzt werden (. Abb. 2;
[12]).

Zusatzinformation. Das FOV reicht von
der Fußwurzel ab dem Talonavikularge-
lenk bis zu den Zehenspitzen für die ko-
ronare und transversale Schichtführung;
die sagittalenBilder solltenden gesamten
Fuß, inklusivedesoberenSprunggelenks,
umfassen; es wurden Schichtdicken von
2–3mm gewählt.

Limitationen. Klaustrophobie, Lage-
rung, Dauer.

DauerderUntersuchung.Einschließlich
Gabe von KM: 30min.

Scoring. Hand- und Fuß-Score [13, 14].

Hand/Fuß (Niederfeld-MRT,
Extremitäten-MRT)

Gerät. Niederfeld-MRT (0,2–1T MRT).

Indikation. Frühdiagnostik und Thera-
piekontrolle der RA/PsoA, Differenzial-
diagnostik, Studien.

Spule. Dedizierte Spule (Hand, Fuß,
Knie, Ellenbogen).

Lagerung.Nurdie zu untersuchende Ex-
tremität liegt im Isozentrum des Magne-
ten, daher für Rheumatiker komfortabel;
ideal für Klaustrophobiker.

MRT-Protokoll. Hand/Fuß: STIR cor,
T1 GRE vor und nach KM-Applikation
(FOV: in der Regel ganze Hand, wenn
möglich; falls nur kleineres FOV bzw.
zur Detailanalyse FOV RA: Radiocar-
palgelenk – inklusive MCP-Gelenke;
FOV PsoA: Fingerspitze – inklusive PIP-

Gelenke), T1 GRE tra (FOV RA: CP-
Gelenke; PsoA: Fingerspitze bis inklusive
PIP-Gelenke); es werden Schichtdicken
von 3mm empfohlen. T2-gewichtete
Sequenzen in axialer Schichtführung
können fakultativ ergänzt werden [15].

Limitationen. Bildqualität, kleines FOV
(bei großen Händen kann das geplante
FOV nicht vollständig abgebildet wer-
den), nicht alle fettgesättigten Sequenzen
verfügbar.

Dauer der Untersuchung. Untersu-
chungszeit einschließlich Gabe von KM:
Hand oder Fuß: ca. 20–35min.

Scoring.RAMRIS,Hand-undFuß-Score
[13].

Knie

Gerät. 1,5–3T MRT.

Indikation. Diagnostik und Therapie-
kontrolle der Arthritis und Arthrose,
Differenzialdiagnostik.

MRT-Pathologien. Synovialitis, Erosion,
BME, Enthesitis, Tenovaginitis und Ge-
lenkbinnenschaden: Meniskus, Kreuz-
bänder, Knorpel, Knochen, Baker-Zyste,
Tumoren, Osteonekrose.

Nebenbefunde. Traumatische und de-
generative Veränderungen.

Spule. Dezidierte Kniespule, Oberflä-
chenspule.
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Tab. 1 Protokollvorschläge ausgewählter Gelenkregionen bei Arthritis

Untersuchte Re-

gion

MRT-Protokoll

Iliosakralgelenk Coronar obliquea T1-gewichtet (T1)

Coronar oblique STIR/TIRM oder PD fs, T1 fs oder Gradientenechosequen-
zen

Axialb PD fs oder STIR/TIRM

Post-KM T1 fs zur Darstellung einer Synovialitis, Enthesitis, Kapsulitis

Obligatorisch:Minimum coronar oblique T1-gewichtet, coronar oblique
STIR/TIRM;mindestens 2 aufeinanderfolgende Schichten sollten erfasst
werden

Wirbelsäule, SpA Sagittal T1-gewichtet

Sagittal STIR/TIRM

Axial T2 fs oder FFE (zur Darstellung des Osteoödems der posterior gelege-
nen kleinenWirbelgelenke)

Fettgesättigte T1-Post-KM-Bilder in axialer und sagittaler Schichtführung
werden häufig zur Darstellung der aktiven Inflammation benötigt

Wirbelsäule, RA Sagittal T1-gewichtet

Sagittal STIR/TIRM

Axial T2 fs oder FFE des Atlantoaxial- oder Atlantookzipitalgelenks

Koronare T1 bei atlantoaxialer/atlantookzipitalerSubluxationsstellung

Fettgesättigte T1-Post-KM-Bilder in axialer und sagittaler Schichtführung
werden häufig zur Darstellung der aktiven Inflammation benötigt

Handc Koronar T1-gewichtet/3D-GRE

Koronar STIR/TIRM oder T2 fs

Axial T2 fs oder PD fs oder STIR/TIRM

Post-KM T1 oder T1 fs (zur Darstellung der Synovialitis; isotrope 3-D-Se-
quenzen erlauben Rekonstruktionen in allen Ebenen)

Oberes
Sprunggelenk und
Fußd

Sagittal PD fs

Koronard T2 FS, STIR/TIRM oder PD fs

Axiale T1-gewichtet

Axial PD fs oder T2 STIR/TIRM

Post-KM T1 or T1 fs
Schultergelenk PD fs in allen Raumrichtungen, ausgerichtet an der Skapula

Parasagittal T1-gewichtet

Post-KM T1 fs zur Darstellung von entzündlichen Veränderungen
Hüftgelenk Cor STIR/TIRM, T2 fs oder PD fs

Cor T1-gewichtet

Tra STIR/TIRM, T2 fs oder PD fs

Post-KM T1 fs zur Darstellung von entzündlichen Veränderungen

FFE Fast-field-Echo, FS Fettsuppression, PD protonengewichtet, PsoA Psoriasisarthritis, RA rheuma-

toide Arthritis, SpA Spondylarthropathie, STIR „short tau inversion recovery“, TIRM „turbo inversion

recovery magnitude“
a
Coronar oblique: Schicht in koronarer Ebene der Iliosakralgelenke in Bezug auf die Tangente der

posterioren Oberfläche des Wirbelkörpers SWK2
b
Axial: eine transversale Schicht der Iliosakralgelenke senkrecht zur koronaren Schichtführung

c
Bei RA ist die Abbildung des Handgelenks bis zu den Metakarpophalangealgelenken essenziell; die

distalen Interphalangealgelenke sollten bei PsoA mit abgebildet werden
d
Koronare Schichtführung entlang der Körperachse

e
Axiale Schichtführung orthogonal zur Körperachse

Lagerung. Rückenlage, Neutral-Null-
Stellung.

MRT-Protokoll. PD fs in cor, tra und
sag Schichtführung. T1 cor vor und zur
Darstellung einer möglichen Synovialitis
nach KM-Applikation. Fakultativ kön-
nen T2 tra, T1 fs tra nach KM-Applika-
tion oder knorpelspezifische Sequenzen
(DESS, Truefisp) ergänzt werden.

Zusatzinformation. Das FOV umfasst
das gesamte Kniegelenk, inklusive dis-
taler Femur und prox. Tibia/Fibula; die
Schichtdicke aller Sequenzen beträgt
3mm.

Limitationen. Klaustrophobie, Lage-
rung, Dauer.

Dauer der Untersuchung. Untersu-
chungszeit einschließlich Gabe von KM:
15–30min.

Scoring. WORMS [3].

Schulter

Gerät. 1,5–3T MRT.

Indikation. Diagnostik und Therapie-
kontrolle der Arthritis und Arthrose,
Differenzialdiagnostik.

MRT-Pathologien. Synovialitis, Erosi-
on, BME, Enthesitis, Tenovaginitis und
Gelenkbinnenschaden: Rotatorenman-
schette, Bizepssehne, Knorpel, Knochen,
Tumoren.

Nebenbefunde. Traumatische und de-
generative Veränderungen.

Spule. Dezidierte Schulterspule, Alter-
native: Flexspule.

Lagerung. Rückenlage, Neutral-Null-
Stellung.

MRT-Protokoll. PD fs in parakoronarer,
parasagittaler und transversaler Schicht-
führung, alternativ STIR/TIRM, ausge-
richtet an der Skapula. Mindestens eine
T1-gewichtete Sequenz, zur Beurteilung
der Rotatorenmanschette ist eine para-
sagittale Schichtführung zu bevorzugen.
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Zur Darstellung einer möglichen Syno-
vialitis T1 fs parakoronar und transversal
nach KM-Applikation [16].

Zusatzinformation. Das FOV umfasst
das gesamte Schultergelenk; die Schicht-
dicke aller Sequenzen beträgt 3mm.

Limitationen. Klaustrophobie, Lage-
rung, Dauer.

Dauer der Untersuchung. Untersu-
chungszeit einschließlich Gabe von KM:
20–25min.

Hüftgelenk

Indikation. Diagnostik und Therapie-
kontrolle der Arthritis und Arthrose,
Differenzialdiagnostik.

MRT-Pathologien. Synovialitis, Erosion,
BME, Enthesitis, Tenovaginitis und Ge-
lenkbinnenschaden: Labrum, Knorpel.

Nebenbefunde. Traumatische und de-
generative Veränderungen.

Spule. Flexspule.

Lagerung. Rückenlage, Neutral-Null-
Stellung.

MRT-Protokoll. PD fs in cor und sag
Schichtführung. Alternativ können
STIR/TIRM oder T2 fs-Sequenzen an-
fertigt werden. T1 cor vor und zur Dar-
stellung einer möglichen Synovialitis
nach KM-Applikation. Zusätzlich soll-
ten tra-Sequenzen (PD fs, STIR/TIRM,
T2 fs) angefertigt werden. Fakultativ
können knorpelspezifische Sequenzen
(z.B. DESS) ergänzt werden [16].

Zusatzinformation. Das FOV umfasst
das gesamte Hüftgelenk; die Schichtdi-
cke aller Sequenzen beträgt 3–4mm.

Limitationen. Klaustrophobie, Lage-
rung, Dauer.

Dauer der Untersuchung. Untersu-
chungszeit einschließlich Gabe von KM:
ca. 30min

Enthesen

Gerät. 1,5–3T MRT.

Indikation. Frühdiagnostik und Thera-
piekontrolle bei der PsoA, SpA, Enthesi-
tis, Differenzialdiagnostik.

MRT-Pathologien. Enthesitis, Synovia-
litis, BME, Bursitiserosion, Syndesmo-
phyt, Exostose, Knochenmarködem.

Nebenbefunde. Traumatische (Ruptur)
und degenerative Veränderungen.

Spule. Die Enthesitis stellt eine Entzün-
dung des Sehnen-Knochen-Übergangs
dar, die sich prinzipiell an allen Körper-
regionen manifestieren kann. Besonders
häufig ist die Achillessehne betroffen.
Je nach Topographie bzw. Befallsmuster
und Vorkommen der Enthesitis kön-
nen verschiedene Spulen zum Einsatz
kommen; zur Darstellung der Achil-
lessehne kann ein OSG-Protokoll mit
Kopf- oder Kniespule (bei kleinen Fü-
ßen) eingesetzt werden; Enthesen am
Schultergelenk können mithilfe einer
dezidierten Schulterspule oder einer
Oberflächenspule dargestellt werden;
das Ellenbogengelenk kann mittels ei-
ner Oberflächenspule; einzelne Finger/
Fußzehen können mittels Ring- oder
einer dezidierten Handgelenkspule ab-
gebildet werden.

Lagerung. In der Regel Neutral-Null-
Position; in Rückenlage werden Schul-
ter und OSG (z.B. für Darstellung der
Achillessehne) dargestellt; das Ellenbo-
gengelenkwird normalerweise in Bauch-
lagemitgestrecktemArmuntersucht (die
Untersuchung ist ebenfalls inRückenlage
oder flektiertem Ellenbogengelenk mög-
lich); die MRT-Untersuchung einzelner
Finger wird in Bauchlage durchgeführt.

MRT-Protokoll. PD TSE cor, T1 TSE
cor vor und nach KM-Applikation,
T1 TSE transv. nach KM-Applikation,
ggf. T2 TSE tra, PD TSE sag, T1 TSE
sag nach KM-Applikation; die einzelnen
Ebenen im Schulterprotokoll werden
nach Glenoid/Skapula ausgerichtet, da-
durch werden parakoronare und para-
sagittale Ebenen abgebildet; die Achil-

lessehne wird im Rahmen des OSG-
Protokolls erfasst, auf eine vollständige
Abbildung nach kranial sollte geachtet
werden; sollten weitere Bandstruktu-
ren am OSG erfasst werden, muss eine
entsprechende Kippung entlang der ge-
wünschten Ligamente erfolgen; das FOV
sollte stets die komplette Enthese bzw.
das Gelenk umfassen; die Schichtdicke
beträgt zwischen 2 und 3mm, je klei-
ner die zu erfassende Struktur ist, desto
kleinere Schichtdicken sollten gewählt
werden [17].

Limitationen. Klaustrophobie, Lage-
rung, Dauer.

Dauer der Untersuchung. Untersu-
chungszeit einschließlich Gabe von KM:
Je nach Untersuchungsregion beträgt
die Untersuchungszeit zwischen 15 und
30min.

Scoring. PSAMRIS.

Empfohlene MRT-Protokolle:
Wirbelsäule

HWS

Gerät. 1,5–3T MRT.

Indikation. Entzündliche HWS-Beteili-
gung bei RA, z.B. Komprimierung des
Myelons, Densdestruktion, Instabilität,
präoperative Abklärung.

Spule. Halsspule.

Lagerung. Rückenlage.

MRT-Protokoll. STIR/TIRM sag, T1 TSE
sag vor und nach KM-Applikation (zur
Detektion entzündlicher Veränderun-
gen der Synovia, Enthesen). Fakultativ
T2 TSE sag. Das betroffene Bewegungs-
segment sollte zusätzlich transversal
abgebildet werden: T2 medic (alternativ
T2), T1 TSE tra nach KM-Applikation;
bei RAwird v. a. derDens axis transversal
abgebildet [16].

Limitationen. Klaustrophobie, Lage-
rung, Dauer; cave: Überstreckung bei
Lagerung (HWS-Instabilität).
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DauerderUntersuchung.DauerderUn-
tersuchung einschließlichGabe von KM:
20–25min.

Lendenwirbelsäule (LWS),
Brustwirbelsäule (BWS) und ISG
(Iliosakralgelenke)

LWS und BWS
Gerät. 1,5–3T MRT.

Indikation. Frühdiagnostik und Thera-
piekontrolle Spondyloarthritis (Spondy-
litis, Iliosakralarthritis).

Spule. Körperspule.

Lagerung. Rückenlage.

MRT-Protokoll. Das WS-Protokoll um-
fasst eine STIR sag, T1 TSE sag vor
und nach KM-Applikation, T2 TSE sag
mit einer Schichtdicke von 3–4mm;
zusätzlich können die gewünschten Be-
wegungssegmente transversal mit einer
Schichtdicke von 3mm dargestellt wer-
den: T2 TSE tra, T1 TSE tra nach
KM-Applikation, ggf. STIR cor mit ei-
ner Schichtdicke von 4mm; das FOV
sagittal sollte den kompletten WS-Be-
reich umfassen. Zur Diagnosestellung
Spondyloarthritis kann nach aktueller
Studienlage auf Kontrastmittel verzichtet
werden. Vorteile kann eine Kontrastmit-
telapplikationbringenbei der Suchenach
weiteren entzündlichen Veränderungen
im Rahmen einer Synovialitis, Enthesitis
oder Kapsulitis [20].

Limitationen. Klaustrophobie, Lage-
rung, Dauer.

Dauer der Untersuchung. Untersu-
chungszeit einschließlich Gabe von KM:
LWS-Protokoll: 20min; BWS-Protokoll:
20–30min.

Scoring.Z.B.Berlin-MRT-Score;ASpiM-
RI Score, Leeds Score, Berliner Score,
SPARCC, ASAS [2, 21].

ISG
Indikation. Frühdiagnostik Arthritis,
Enthesitis, Tumor.

Spule. Körperspule.

Lagerung. Rückenlage.

MRT-Protokoll. Das Protokoll der ISG
umfasst eine STIR/TIRM (alternativ PD
fs)parakoronar (ausgerichtet anderHin-
terkantevonSWK2),T1parakoronarvor
und nachKM-Applikation (zur dezidier-
ten Diagnostik einer Synovialitis, Enthe-
sitis, Kapsulitis, ansonsten verzichtbar).
Fakultativ T2 tra, PD fs oder STIR/TIRM
(orthogonalzurHinterkantevonSWK2),
T1tranachKM-Applikation;dieSchicht-
dicke beträgt 3–4mm(.Abb. 3; [18, 19]).

Limitationen. Klaustrophobie, Lage-
rung, Dauer.

Dauer der Untersuchung. Untersu-
chungszeit einschließlich Gabe von KM:
20–30min.

Scoring. Z.B. Aarhus-Score, Herrmann-
Bollow-Score, Leeds-Score, Rudwaleit-
Sieper-Score, SPARCC, ASAS [21].

MRT-Spezialsequenzen

DynamischeMRT

Indikation. Therapiekontrolle bei RA
durch KM-Dynamik (Perfusion) der
Hand [22, 23].

Die dynamischeMRTentspricht einer
Perfusionsmessung nach KM-Applikati-
on über die Zeit; dazu werden repetitiv
3-dimensionale T1 gewichtete Sequen-
zen in koronarer Schichtführung ange-
fertigt; insgesamt werden 200 Bilder in
einemAbstand von 1,7ms angefertigt; es
gibt zur dynamischenMRT herstellersei-
tig verschiedenste kommerzielle Anbie-
ter für Softwareapplikationen.

Spule.DieHandwirdmit einer dezidier-
tenHandgelenkspule in „Superman“-Po-
sition untersucht; alternativ kann eine
Flexspule verwendet werden; eine ver-
mehrte KM-Anreicherung eines Finger-
gelenkes korreliertmit derEntzündungs-
aktivität.

Dauer der Untersuchung. 5–7min;
dGEMRIC (Delayed Gadolinium-En-
hanced Magnetic Resonance Imaging of
Cartilage).

Indikation. Knorpelqualität/Frühdia-
gnostik der Arthrose [24, 25].

Cave.Double-dose bei intravenöserKM-
Applikation notwendig.

Protokoll. Bei der molekularen Bildge-
bung mittels dGEMRIC nutzt man die
chemisch-physikalischen Eigenschaften
der anionischen, negativ geladenen, ga-
doliniumhaltigenKontrastmittelGadoli-
nium,welcheauch inder täglichenRouti-
ne als MRT-Kontrastmittel Verwendung
finden; nach intravenöser Injektion dif-
fundiert das Kontrastmittel umgekehrt
proportional zum Anteil der ebenfalls
negativ geladenen Glykosaminoglykane
(Bestandteil der Knorpelmatrix; GAG)
in den Knorpel; da im degenerierten
Knorpel der Gehalt an GAG (negativ
geladen) verringert ist, kann sich im
Vergleich zum gesunden Knorpel ver-
mehrt Kontrastmittel imKnorpelgewebe
anreichern; das Gadolinium verkürzt die
T1-Zeit im MRT, sodass der GAG-Ge-
halt durch die T1-Analyse, innerhalb
eines umschriebenen Knorpelbezirks
als dGEMRIC-Index berechnet werden
kann.

Spule. Mit der dezidierten Handspule
können sämtliche Knorpelflächen der
kleinen Fingergelenke oder des Hand-
gelenks dargestellt werden; alternativ
können kleine „loop-coils“ verwendet
werden, die ober- und unterhalb des
jeweiligen Gelenks platziert werden; der
Patient wird, wie bereits bei der MRT-
Untersuchung der Hand, in Superman-
Position mit der Hand über dem Kopf
untersucht; die dGEMRIC-Sequenz wird
40min nach Kontrastmittelapplikation
angefertigt; zur Berechnung des dGEM-
RIC-Index wird eine 3-D-Gradienten-
Echo-Sequenz mit 2 unterschiedlichen
Flipwinkeln und einer Schichtdicke von
2mm aufgenommen.

Dauer derUntersuchung. 2:30min nach
einemDelay von 40min nachKM-Injek-
tion.

Kontrastmittelfreie Sequenzen

Durch die Entdeckung von Kontrast-
mittel(KM; Gadolinium)-Ablagerungen
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Abkürzungen

ASAS Assessment of SpondyloArthritis
international Society

ASpiMRI AS spinal MRI Score

BME „Bone marrow edema“

Cor Coronar

DESS Double Echo Steady State

DGEMRIC Delayed Gadolinium-Enhanced
Magnetic Resonance Imaging of
Cartilage

DIP Distales Interphalangealgelenk

DOTA (1,4,7,10-Tetraazacyclododecan-
1,4,7,10-tetraessigsäure, mit Gd
Gadotersäure)

DTPA Diethylentriaminpentaessigsäure

EULAR European League Against
Rheumatism

FOV „Field of view“

Fs Fettgesättigt

GAG Glykosaminoglykane (Bestandteil
der Knorpelmatrix)

GagCEST „Glycosaminoglycan chemical
exchange saturation transfer“

Gd Gadolinium

GFR Glomeruläre Filtrationsrate

GRE Gradienten-Echo-Sequenz

HWS Halswirbelsäule

ISG Iliosakralgelenke

KM Kontrastmittel

LWS Lendenwirbelsäule

MCP Metakarpophalangealgelenk

MEDIC „Multi echo data image combina-
tion“

NSF Nephrogene systemische Fibrose

OSG Oberes Sprunggelenk

PD Protonengewichtete Sequenz

PIP Proximales Interphalangealgelenk

PsAMRIS Psoriatic arthritis magnetic
resonance imaging scoring system

PsoA Psoriasisarthritis

RA Rheumatoide Arthritis

RAMRIS Rheumatoid arthritis MRI scoring
system

Sag Sagittal

SNR Signal-to-Noise-Ratio

Abkürzungen

SPARCC Spondyloarthritis Research
Consortium of Canada

STIR Short-Tau Inversion Recovery
Sequenz

T1 T1-gewichtet

T2 T2-gewichtet

TIRM „Turbo inversion recovery
magnitude“

Tra Transversal

TrueFisp True fast imaging with steady
state precession

TSE Turbo-Spin-Echo-Sequenz

WORMS Whole-organ MRI scoring method

im Gehirn in Post-mortem-Studien ist
die Diskussion um einen schonenden
Einsatz von MRT-Kontrastmitteln auf-
genommen. So konnte gezeigt werden,
dass es bei der intravenösen Applikation
von KM zu Ablagerungen von Gadoli-
nium im Gehirn kommen kann. Diese
Ablagerungen treten vorwiegend bei li-
nearen Kontrastmitteln, jedoch auch in
geringen Mengen bei makrozyklischen
Kontrastmitteln auf. Nach aktuellem
wissenschaftlichem Kenntnisstand sind
keine gesundheitlichen Auswirkungen
der Ablagerungen bekannt. Als Reaktion
auf die intrakraniellen Gadoliniumabla-
gerungenverbotdieEuropeanMedicines
Agency(EMA)dieAnwendungvoneiner
Vielzahl linearer, Gadolinium-basierter
Kontrastmittel, darunter auch das für
die dGEMRIC-Technik gebräuchliche
Kontrastmittel. Obwohl makrozyklische
Kontrastmittel nicht verboten wurden,
sollte ihre Verwendung auf notwendige
Untersuchungen beschränkt sein, so-
dass eine „double-dose“ Anwendung
zur Beurteilung des Knorpels obsolet ist
[26].

Aus diesem Grund wird aktuell an
zahlreichen KM-freien MRT-Protokol-
len gearbeitet, welche wir im folgenden
Abschlussauszugsweisedarstellenmöch-
ten.

Kontrastmittelfreie MR-Perfusion
zur Erfassung von Entzündung

Die ASL(„arterial spin labeling“)-Tech-
nik nutzt das Blut selbst als endogenes
Kontrastmittel, das durch einen Inversi-
onspuls vor der Datenauslese markiert
wird. In ersten Studien bei Patienten mit
ArthritiskonnteeineguteKorrelationder
ASL-Perfusion mit der etablierten kon-
trastmittelgestützten MRT-Perfusion er-
mittelt werden. Die Bedeutung der Me-
thode kann insbesondere darin gesehen
werden, dass engmaschige Verlaufskon-
trollen, wie sie imRahmen vonTherapie-
studien gewünscht sind, zukünftig mög-
licherweise kontrastmittelfrei ausgeführt
werden können.

Kontrastmittelfreie MR-
Sequenzen zur Erfassung von
Knorpelveränderungen

KM-freie Sequenzen. gagCEST („glyco-
saminoglycan chemical exchange satura-
tion transfer“) und Natriumbildgebung
zur Evaluierung der Knorpelqualität [27,
28].

Protokoll. gagCEST ermöglicht die Dar-
stellung von Molekülen mit geringer
Konzentration (mM) durch Messung
der Wasserstoffprotonen des Gesamt-
körperwassers (M); der CEST-Kontrast
basiert auf der Sättigung derWasserstoff-
protonen von Glykosaminoglykanen;
diese gesättigten Wasserstoffprotonen
sind in einem chemischen Austausch
mit den ungesättigten Wasserstoffproto-
nen des Gesamtkörperwassers; die Höhe
des Signalverlustes des Gesamtkörper-
wassers korreliert mit der Menge an
austauschbaren Protonen der angesteu-
erten Moleküle; der gagCEST-Effekt ist
bei einerFrequenzbreite von0,9–1,9ppm
der Wasserfrequenz messbar; der in die-
sem Bereich detektierbare Signalverlust
des Gesamtkörperwassers korreliert mit
demGAG-Gehalt des Knorpels; der Ver-
lust an GAG geht mit einer Schädigung
des Gelenkknorpels einher.

Spule. gagCEST kannmit einer dezidier-
tenHandgelenkspule angefertigtwerden.

Zeitschrift für Rheumatologie 6 · 2018 545



Übersichten

Eine weitere molekulare Bildgebungs-

modalität zur Abbildung des Gelenk-

knorpels ist die Natriumbildgebung.
Ähnlich zur gagCEST-Sequenz ist es
möglich, Natrium zur Bildgebung zu
nutzen; der Natriumgehalt des Knorpels
korreliert direkt mit dem GAG-Gehalt
des Knorpels; zur Natriumbildgebung
wird eine dezidierte Hardwareausrüs-
tung benötigt.

Dauer der Untersuchung. 12–15min.

Schlussfolgerung. Die MRT ist eine
bildgebende Methode, welche aufgrund
ihrer vielen Vorteile zur Diagnostik
entzündlicher und nichtentzündlicher
weichteiliger und knöcherner Verände-
rungen amSkelettsystem immerhäufiger
eingesetzt wird. Der hohe Stellenwert
der MRT wird für die strukturelle Früh-
und Differenzialdiagnostik in der Rheu-
matologie genutzt, welche mit anderen
konventionellen bildgebenden Techni-
ken oder Schnittbildmethoden nicht
gelingt. Die korrekte Durchführung
von MRT-Untersuchungen, die Verein-
heitlichung von MRT-Protokollen und
die Beachtung von Spezialsequenzen
könnten einen Beitrag zur Qualitätsver-
besserung der radiologischen Leistung
für die Rheumatologie liefern.

Weitere, kontrastmittelfreie Techni-
ken zur Darstellung des Knorpels sind
T1- und T2-mapping-Verfahren.

T1ρ imaging (T1rho)

T1ρ ist eine MRT-Technik, die Verän-
derungen des regionalen Proteoglykan-
gehalts erfassen kann. Dabei können die
Interaktionen zwischen den mit Makro-
molekülen assoziierten Protonen erfasst
werden. Ein Knorpelschaden führt zu ei-
nem Verlust an Proteoglykanen und da-
mit den Makromolekülen, was zu einer
erhöhten T1ρ-Zeit führt [29].

T2/T2* mapping

Transverse Relaxationszeiten sind von
der Gewebezusammensetzung abhän-
gig. Mit T2/T2*-Verfahren können die
Kollagenstruktur und damit ein Knor-
pelschaden erfasst werden [30].
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Fachnachrichten

Rauchen erhöht Risiko für Rheumaund verschlimmert rheumatische
Schäden

Raucher erkranken nicht nur häufiger an Rheuma als andere Menschen. Die

Gelenkzerstörung schreitet bei ihnen auch rascher voran. Sieben Zigaretten am

Tag steigern das Erkrankungsrisiko für eine rheumatoide Arthritis ummehr als das

Doppelte.

Zu den weniger bekannten Folgen des
Rauchens gehört der schlechte Einfluss auf

rheumatische Erkrankungen. Die Gründe

sind nach Auskunft von Professor Dr. med.
Hanns-Martin Lorenz, Präsident der DGRh

und Leiter der Sektion Rheumatologie am
Universitätsklinikum Heidelberg, nicht

genau bekannt: „Wir vermuten aber, dass

Rauchen Fehlfunktionen des Immunsystems
hervorruft, die bei bestimmten Menschen

den letzten Anstoß zur Entwicklung einer

rheumatoiden Arthritis geben können.“
Rauchen, so der Experte, könnte die Bildung

der Antikörper fördern, die die Gelenkhaut
attackieren und dadurch die Zerstörung der

Gelenke in die Wege leiten.

Eindeutige Studienergebnisse

Die Studienergebnisse sind eindeutig: Starke

Raucher erkranken deutlich häufiger an
einer rheumatoiden Arthritis. Besonders

gefährdet sind Frauen. Bereits weniger
als sieben Zigaretten am Tag steigern

das Erkrankungsrisiko um mehr als das

Doppelte. Das Risiko steigt bereits nach
wenigen Jahren an und es hält noch bis

zu 15 Jahre nach dem Rauchstopp an.

Zudem schlagen Therapien schlechter an:
„Rauchen kann auch die Wirksamkeit von

Rheumamedikamenten und hier vor allem
der neueren Biologika schwächen,“ erklärt

Lorenz: „Diese Patienten benötigen unter

Umständen höhere Dosierungen und sind
dadurch vermehrt den Nebenwirkungen der

Rheumamittel ausgesetzt.“

Frühere Untersuchungen haben auch
gezeigt, dass Rauchen das Fortschreiten

der Erkrankung beschleunigt. Eine neue

Untersuchung aus Schweden ergab, dass es
bei Rauchern bereits zu Beginn der Erkran-

kung häufiger zu einer raschen Zerstörung
der Gelenke kommen kann [1]. Emil Rydell

von der Universität in Lund und Mitarbeiter

haben Rheuma-Patientenüber mehr als fünf
Jahre begleitet. Bei jedem fünften Patienten

kam es während dieser Zeit trotz Behandlung

zu einer raschen Verschlechterung, in Form
einer zunehmenden Verschmälerung des

Gelenkspalts oder Erosionen des Knochens.
Raucher waren besonders häufig betroffen.

Bei aktiven Rauchern kam es 3,6-fach

häufiger zu einer schnellen Schädigung der
Gelenke. Bei früheren Rauchern war das

Risiko noch um den Faktor 2,79 erhöht.

Ein Rauchstopp gehört zu den wichtigsten

Begleitmaßnahmen der Rheumatherapie:
„Alle Patienten sollten spätestens mit der

ersten Medikamenteneinnahme mit dem

Rauchen aufhören.“ Diesen Rat müsse jeder
behandelnde Rheumatologe seinen Patien-

ten im Rahmen der Behandlung mit auf den

Weg geben.

[1] Rydell, E. et al. Arthritis Res Ther (2018) 20:
82. https://doi.org/10.1186/s13075-018-
1575-2

Stephanie Priester
Pressestelle DGRh
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Table 1 Prevalence of Pso and PsA from 2009 to 2012 in Germany

Year 2009 2010 2011 2012

Population (n) 64 637 752 63 962 071 64 988 016 65 792 296

Female (%) 53.5 53.4 53.3 53.2

Pso (n) 1 419 537 1 440 807 1 477 333 1 512 769

Pso prevalence (n/1000) 

  Male 22.22 22.59 22.69 22.86

  Female 21.27 21.76 21.93 22.12

Pso incidence (n/100 000) 

  Male 35.38–50.27 26.44–39.36 17.32–29.31 17.14–26.31

  Female 46.30–58.17 35.30–45.63 21.67–30.47 19.05–26.39

PsA (n) 127 334 137 763 146 463 156 182

PsA prevalence (n/1000) 

  Male 1.81 1.96 2.03 2.13

  Female 2.07 2.26 2.37 2.49

PsA incidence (n/100 000) 

  Male 13.81–14.88 11.59–12.54 9.59–10.39 9.84–10.49

  Female 18.12–19.14 15.23–16.14 12.03–12.80 11.76–12.38

Data from the German statutory health insurance system of approximately 64 
million people (population) were employed to assess age-standardised prevalence 
of psoriasis (Pso) and psoriatic arthritis (PsA) for the male and female German 
population (mean values). Age-standardised incidence was calculated based on 
prevalence data and different assumed mortality scenarios resulting in the given 
ranges.
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ABSTRACT
In recent years, the role of articular car-
tilage for understanding pathogenesis 
as well as for clinical research has be-
come increasingly important. Whereas 
previously cartilage could only be as-
sessed invasively, various imaging pro-
cedures are available for its evaluation 
now. Although still widely used, con-

limitations since it assesses cartilage 
indirectly by joint space width. Today, 
the cartilage thickness and structure can 
be reliably evaluated using ultrasound, 
although the molecular structure can-
not be determined, yet. Besides ultra-
sound, MRI offers the possibility to im-
age morphological changes with a very 
high resolution. In addition, the quality 
and composition of joint cartilage can 
already be measured due to a constant 
technical improvement and new MRI 
sequences such as dGEMRIC even in 
small joints (e.g. MCP or MTP joints). 
Despite the advantages of contrast 

its use is reevaluated today. Regarding 
that contrast agent-free imaging tech-
niques for the assessment of joint car-
tilage are developed with great effort 
to depict its quality and changes over 
time. These novel MRI methods such as 

and sodium imaging provide promising 
quantitative imaging biomarkers that 
can detect early cartilage changes be-
fore morphological alterations occur. 
Hence, US and MRI will likely be of 
paramount importance in future clinical 

-
matory and degenerative joint diseases 
not only for understanding pathogenesis 
but also for using its possible value in 
daily practice.

Introduction
Alterations in the composition of artic-
ular cartilage are a common feature in 

degenerative joint diseases. Cartilage 

extracellular matrix (ECM). Cartilage 
-

-

e.g. GAG-
containing proteins that are linked to 

-
-
-

Cartilage loss is a hallmark of osteo-

no effective pharmacological treatment 

-
stacle to the development of pharmaco-

-
imal invasive imaging techniques of 
cartilage therefore have the potential to 

-
fective treatments options

-

the European League Against Rheuma-
tism (EULAR) are directed to include 

-
cording to an index derived from an 

recommended to initiate conventional 
-
-

-

Update on imaging in rheumatic diseases: cartilage
1, C. Schleich 1, B. Ostendorf1
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erosions in conventional radiographs 

for a progressive course of the disease 

-

-

-
-

-
search and clinical routine to inform di-

-

-
ular imaging techniques in arthritis and 
osteoarthritis. 

Ultrasound
Conventional radiographs permit in-
direct recognition of cartilage damage 

-
-

-

(grade 1 defect) up to osteochondral 
defects appearing as a complete loss of 

-

-

-

-

ultrasound can depict cartilage defects 

-

-

C-reactive protein and matrixmetallo-

data for cartilage assessment up until 

-
thropathies such as gout or calcium 

(16, 17). Due to these opportunities ul-
-

-

-

-

-

to structural changes of the cartilage it-
self than to pain (19). Furthermore, US 

of radiographic progression of hand 
-

tilage changes (not on a molecular lev-

that US measures permit prediction of 

does not depict changes of the cartilage 
-

ture morphological damage of the car-

Magnetic resonance imaging

in RA clinical trials and is used more 

-

damage much earlier than conventional 
-

-

-

of Aletaha et al.

destruction (9). 
Morphological imaging of cartilage is 

-

-

-
quences (31).

-

-

thickness defect of the cartilage, grade 

-
other morphological technique is the 

-
fers high-resolution, three-dimensional 
(3D) imaging and multiplanar reformat-

-
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-
-

prove the visualisation the cartilage and 
provides information on the localisation
and extent of that is essential if surgical 

-

-
traoperative data (33) (Fig. 1).
Regarding the high impact of assess-

-
chemical imaging came more and more

-

after the intravenous application of neg-
-
-

inverse relationship to the concentra-
-

degenerated cartilage results in accumu-
lation of the paramagnetic gadolinium 

-
eral joints of patients suffering from 

et al.
demonstrated that cartilage damage in 

-
-

in RA (37). Schleich et al.
-

al feature in the preoperative assess-
ment of degenerated cervical interver-

-

OA is the most frequent condition as-

-
tilage degeneration in the knee joint and 

-

-

-

-

effect of cartilage repair procedures of 

Cartilage repair tissue after Matrix-
-

and a decrease in the relaxation rate of 
the deep zone of the transplant in the

-

metacarpophalangeal joints of RA pa-

-

potential adverse effects of gadolinium 
to international attention. Due to po-
tential gadolinium depositions in the

-

more on gadolinium-free molecular 
-

-

-

Fig. 1.
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and in monitoring cartilage changes. 
et al. found improved sensi-

-
-

Ellermann et al.

advanced degeneration (47). 

the ankle, proximal interphalangeal 
-

studies have assessed the relationship

-

-

-

-
logical alterations (for example joint 

et al. -

-
-

is at stake in progressive disease and

et al. found

-
cluded that cartilage coat minimises

Fig. 2.
-

Fig. 3.
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Future directions
-
-

RA cartilage damage. Conventional US 

of chemical cartilage or ECM composi-

-

patient and serious adverse events are 

importance in future clinical trials and 
clinical assessment of RA and OA.
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Abstract
Objectives To identify differences of radiocarpal cartilage alterations in osteoarthritis and arthritis using multiparametrical
magnetic resonance imaging (MRI) comprising morphological and biochemical sequences without gadolinium-based contrast
agent administration.
Methods In this prospective study, multiparametrical MRI of the radiocarpal cartilage was performed in 47 participants (mean
age, 46.6 ± 17.6 years; min., 20 years; max., 79 years) on a 3 Tesla MRI. The cohort consisted of 11 patients suffering from
arthritis, 10 patients with osteoarthritis, 14 patients after distal radius fracture, and 12 healthy volunteers. The radiocarpal cartilage
was assessed using morphological (DESS, TrueFISP) and biochemical (T2*) MRI sequences without the application of intra-
venous contrast agent. The modified Outerbridge classification system for morphological and region-of-interest analyses for
biochemical analysis was applied to assess the degree of cartilage damage in each patient before data were statistically tested for
significant difference between the groups using a post hoc Tukey test.
Results In morphological imaging, cartilage damage was significantly more frequent in arthritis and osteoarthritis than in healthy
volunteers (DESS: p = 0.01, p = 0.0004; TrueFISP: p = 0.02, p = 0.0001). In T2* imaging, patients with osteoarthritis showed
higher cartilage damage compared to patients with arthritis (p = 0.01).
Conclusion With multiparametrical MRI, it is possible to identify differences of radiocarpal cartilage alterations of patients with
arthritis and osteoarthritis using the combination of morphological and biochemical MR imaging of the radiocarpal cartilage
without the application of contrast agent. Multiparametrical MRI without the usage of contrast agent may be a potential tool
helping to distinguish both entities.
Key Points
•Multiparametrical MRI with morphological and biochemical sequences allows the differentiation of patients with arthritis and
osteoarthritis.
• High-resolution MRI of radiocarpal cartilage is possible without administration of contrast agent.
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Abbreviations
ANOVA Analysis of variance
CI Confidence interval
DESS Double echo steady state
DGEMRIC Delayed gadolinium-enhanced MRI of

cartilage
DRF Distal radius fracture
DWI Diffusion-weighted imaging
EMA European Medicines Agency
GagCEST Glycosaminoglycan chemical exchange satura-

tion transfer
ICC Intraclass correlation coefficient
LC Central lunate
LP Peripheral lunate
MRI Magnetic resonance imaging
OA Osteoarthritis
PD Proton density
RA Rheumatoid arthritis
ROI Region-of-interest
SC Central scaphoid
SP Peripheral scaphoid
STARD Standards for reporting of diagnostic accuracy

studies
TNF-α Tumor necrosis factor α
TRUFI True fast imaging with steady state precession

Introduction

The radiocarpal cartilage of the wrist is one of the most chal-
lenging joints for magnetic resonance imaging (MRI) due to
its thin hyaline cartilage layers and multiple surfaces [1].Wrist
pain is a common clinical problem of varying etiology [2]. In
many cases, articular cartilage injury or loss is suspected if
other obvious clinical syndromes are excluded [3]. To guide
therapy, it is essential to detect cartilage damage. Cartilage
injury may result either from direct trauma or as a common
end point of inflammatory or degenerative diseases [4]. In
clinical practice, the differentiation of arthritis and osteoarthri-
tis (OA)may cause diagnostic problems because of the chron-
ic progressive nature of both entities [5, 6].However, different
treatment strategies are tracked in both diseases, which asks
for better diagnostic tools to detect early stages, especially in
the case of rheumatoid arthritis where an early therapy start is
considered to be a decisive prognostic factor [7].

Conventional radiographs are limited in showing cartilage
damage until the disease has processed to joint space narrowing
[2]. For wrist imaging, MRI is the technique of choice [8].
Particularly,MRI is able to depict both focal and diffuse cartilage
defects [9]. Several MR sequences are available for morpholog-
ical cartilage imaging of the wrist.Among them, the TRUFI (true
fast imaging with steady state precession) sequence is the most
accurate method according to a current study [10]. The DESS

(double echo steady state) sequence is another morphological
MR sequence that has been proven useful for cartilage assess-
ment [11, 12]. Biochemical cartilage imaging has been proposed
to assess extracellular matrix components of hyaline cartilage
with delayed gadolinium-enhanced MRI of cartilage
(dGEMRIC) technique as the gold standard [13]. For
dGEMRIC, the application of intravenous contrast agent is oblig-
atory. However, recent studies brought potential adverse effects
of gadolinium to international attention [14, 15].Due to potential
gadolinium depositions in the brain, the European Medicines
Agency (EMA) banned several linear gadolinium-based contrast
agents, even though macrocyclic contrast agents have not been
suspended their use should be limited to those examinations
where there is no alternative [16]. Hence, future research should
focus on gadolinium-free molecular MR imaging of cartilage
such as glycosaminoglycan chemical exchange saturation trans-
fer (gagCEST), sodium MRI and T1 rho mapping to visualize
the GAG content,T2/T2*mapping to evaluate thewater content,
and collagen network integrity or diffusion-weighted imaging
(DWI) [17–19]. In this study, we applied T2* mapping for mo-
lecular cartilage imaging. T2*mapping is advantageous in many
ways.Next to no needed application of contrastmedia, it allows a
three-dimensional (3D), high-resolution, isotropic cartilage eval-
uation with a short acquisition time [20].

The purpose of this study was to identify differences in
osteoarthritis and arthritis with multiparametrical MRI using
morphological (DESS, TRUFI) and biochemical (T2*) se-
quences of radiocarpal cartilage without the usage of intrave-
nous contrast agent.

Materials and methods

Study design

The study was approved by the local ethics committee.
Written informed consent was obtained from all volunteers
prior to inclusion for this prospective study.

Study population

Forty-seven participants (27 male, 20 female; mean age, 46.6 ±
17.6 years; min., 20 years; max., 79 years) who underwent 3T
wrist MRI during the period from October 2016 to March 2017
were prospectively enrolled in this study. The cohort consisted of
11 patients suffering from arthritis (disease duration, 2.9 ±
1.7 years; min., 1 year; max., 7 years; 5 male; 6 female; mean
age, 47.3 ± 15.7 years; min., 27 years; max., 76 years), 10 pa-
tients with osteoarthritis (disease duration, 7.6 ± 4.7 years; min.,
2 years; max., 19 years; 6 male; 4 female; mean age, 63.3 ±
9.6 years; min., 50 years; max., 79 years), 14 patients with a
condition following distal radius fracture (trauma 4.1 ± 2.7 years
ago; min., 1 year; max., 11 years; 8 male, 6 female; mean age,
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45.5 ± 16.3 years;min., 23 years;max., 70 years) and 12 healthy
controls (8 male; 4 female; mean age, 33.5 ± 13 years; min.,
20 years; max., 65 years) without any wrist pain or trauma in
their clinical history. The patients with condition following distal
radius fracture could be divided into six patients with
intraarticular fracture and eight patients without joint involve-
ment. The group of arthritis consisted of five (three seropositive)
patients with rheumatoid arthritis (RA). Among them, two pa-
tients were treated with methotrexate (one in combination with
prednisolone), one patient received TNF-α inhibitors in combi-
nation with prednisolone, one patient prednisolone only, and
another patient received no therapy. The other six arthritis pa-
tients were suffering from psoriatic arthritis (treated with
apremilast in combination with prednisolone), spondyloarthritis
(treated with TNF-α inhibitors), Stills disease (treated with pred-
nisolone), sarcoidosis (treated with prednisolone), and systemic
juvenile idiopathic arthritis (treated with methotrexate). All pa-
tients with arthritis showed signs of wrist synovitis in a clinical
examination. The patients suffering from osteoarthritis received
conservative therapy, such as pain medication or physical thera-
py. All patients with a condition following distal radial fracture
had terminated disease-specific therapy and osteosynthesis
equipment had been removed prior to the study.All patients were
diagnosed by clinically experienced rheumatologists and trauma
surgeons. Exclusion criteria were general contraindications to
MR imaging, metal implants at the wrist, and undefined wrist
disease.

MR imaging protocol

All MR examinations were performed at a 3T MRI scanner
(Magnetom Skyra, Siemens Healthineers) using a dedicated,
16 channel, high-resolution wrist coil. Two patients were mea-
sured with a four-channel flex coil, because they did not fit
into the dedicated wrist coil due to plaster casts. All partici-
pants were examined in prone position with the arm over the
head, the so-called superman position. Our sequence protocol
included the morphological sequences DESS and TRUFI as
well as the biochemical imaging sequence T2*, each acquired
in coronal orientation. For T2* mapping, nine consecutive
echoes were obtained (TE: 16.1 ms, 32.2 ms, 48.3 ms,

64.4 ms, 80.5 ms, 96.6 ms, 113.0 ms, 129.0 ms, 145.0 ms).
To complete the sequence protocol, T1- and PD (proton den-
sity)-weighted images in coronal orientation were supple-
mented for the evaluation of bone and joint fluid in a clinical
setting. These five sequences resulted in an examination du-
ration of about 22 min. No intravenous contrast application
was applied. The MR protocol details were given in Table 1.

Data analysis

All data sets were evaluated by a board certified radiologist
with 6 years of experience in musculoskeletal imaging and a
medical student, trained in cartilage segmentation. Both
readers were blinded to clinical diagnosis and to the other
morphological analyses, respectively. The molecular image
analysis was performed in consensus [21]. Analysis of the
two morphological sequences and the biochemical sequence
were performed separately and with 2 weeks apart to avoid
recognition bias. Due to the scapholunate ligament, the
radiocarpal cartilage was divided into different zones: periph-
eral lunate (LP), central lunate (LC), peripheral scaphoid (SP),

Table 1 Detailed sequence
parameters T2* map 3D DESS 3D TrueFISP 3D

TR/TE ms/ms 33.0/4.95 11.86/4.54 10.06/4.16

Field of view mm2 100 × 61 94 × 61 100 × 61

Slice thickness mm 0.42 0.42 0.42

Flip angle ° 25 25 57

Averages 1 2 2

Basic resolution 256 128 256

Number of slices 144 144 144

Acquisition duration min:sec 5:47 5:41 5:13

Fig. 1 Screening flow chart of the study participants according to
STARD. Three patients (one with arthritis and two with osteoarthritis)
prematurely terminated the MR examination and hat to be excluded
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and central scaphoid (SC). For morphological cartilage assess-
ment, the modified Outerbridge classification [22] was used:
grade 0, normal; grade 1, cartilage softening; grade 2, cartilage
abrasion; grade 3, cartilage loss; grade 4, no evaluation of
cartilage possible. The data sets of the molecular sequence
were converted to the Leonardo® Workstation (Siemens
Healthineers) and a region-of-interest (ROI) analysis was per-
formed for each cartilage zone. T2* images with a TE time of
16.1ms were used as an anatomic reference for cartilage iden-
tification. The ROIs were transferred to the co-registered T2*
map. TE times in milliseconds of the different cartilage zones
were calculated. The degree of cartilage damage correlates
with decreasing TE times in the T2* map [23].

Statistical analysis

Statistical analysis was performed using MATLAB
(MathWorks). The mean, standard deviations, median, mini-
mum, maximum, and 95% confidence interval (CI) were cal-
culated for morphological and biochemical assessment of

radiocarpal cartilage. Kolmogorow-Smirnow-Lilliefors tests
were used to assess normal distribution. Univariate analysis
of variance (ANOVA) and post hoc Tukey test were per-
formed to assess statistical differences of the means of the
morphological and biochemical cartilage evaluation of the
different groups and subgroups. After Bonferroni correction,
p < 0.0167 was assumed statistically significant. Intra- and
interreader reliability were tested with intraclass correlation
coefficient (ICC) for morphological cartilage evaluation.

Results

The cartilage assessment of 47 participants could be used for
statistical analysis.Three patients (onewith arthritis and twowith
osteoarthritis) had prematurely terminated the MR examination
(Fig. 1). The descriptive statistics were summarized in Table 2
(mean ± standard deviation;median; minimum/maximum; 95%
CI [lower limit; upper limit]). Interreader (ICC = 0.91) and
intrareader reliability (ICC = 0.91) were excellent.

Table 2 Morphological and
biochemical assessment of
radiocarpal cartilage in healthy
participants, patients with
arthritis, osteoarthritis, and with a
condition following distal radius
fracture

Mean Std Median Min Max CI (lower limit) CI (upper limit)

Control DESS 0.521 0.511 0.375 0 3 0.355 0.81

Control TrueFISP 0.25 0.433 0 0 3 0.005 0.495

Control T2* map [ms] 21.398 3.45 21.525 12.7 26.9 19.44 23.35

Arthritis DESS 1.625 1.31 1.125 0 4 0.813 2.437

Arthritis TrueFISP 1.475 1.48 0.875 0 4 0.557 2.393

Arthritis T2* map [ms] 19.08 3.579 19.325 10.2 27 16.964 21.195

Osteoarthritis DESS 2.639 1.263 3 0 4 1.814 3.464

Osteoarthritis TrueFISP 2.472 1.192 2.75 0 4 1.694 3.251

Osteoarthritis T2* map
[ms]

14.698 4.478 14.64 5.8 23.5 11.922 17.468

Trauma DESS 1.696 1.035 1.5 0 4 1.154 2.239

Trauma TrueFISP 1.607 1.174 1.375 0 4 0.992 2.222

Trauma T2* map [ms] 18.366 2.913 17.938 11.3 28.8 16.84 19.766

Fig. 2 Bar chart of the morphological radiocarpal cartilage assessment
according to modified Outerbridge classification for healthy controls,
patients with arthritis, osteoarthritis (OA), or with a condition following

distal radius fracture (trauma). Significantly higher cartilage damage was
found in patients with arthritis, OA, or trauma compared to healthy
controls with morphological cartilage imaging (DESS, TRUFI)
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Analysis of morphological cartilage assessment

DESS sequence showed significantly higher cartilage damage
in patients with arthritis (p = 0.018) and osteoarthritis
(p < 0.0001) and patients with condition after distal radius

fracture (p = 0.005) compared with healthy controls. TRUFI
revealed significantly higher cartilage degradation in patients
suffering from arthritis (p = 0.0162), patients with osteoarthritis
(p < 0.0001), and patients with condition after distal radius frac-
ture (p = 0.003) compared with healthy controls. For both,
DESS and TRUFI, patients with arthritis illustrated significant-
ly lower cartilage damage in central zones (LC and SC) com-
pared to osteoarthritis (DESS: p = 0.003; TRUFI: p = 0.011).
For peripheral zones (LP and SP), no significant difference
could be found (p > 0.05). In patients with arthritis, as well as
in patients suffering from osteoarthritis, significantly higher
cartilage loss was found in central zones (LC and SC) compared
to peripheral zones (LP and SP) (arthritis: p = 0.04; osteoarthri-
tis: p = 0.02). No significant difference between intraarticular
fracture and no intraarticular fracture line could be depicted in
patients with condition after distal radius fracture for DESS and
TRUFI (p > 0.05) (Fig. 2).

Analysis of molecular cartilage assessment

T2* sequence showed significantly higher cartilage damage in
patients with osteoarthritis compared to patients with arthritis
(p = 0.005), patients with condition after distal radius fracture

Fig. 3 Bar chart of the biochemical radiocarpal cartilage assessment
according to T2* mapping in milliseconds (ms) for healthy controls,
patients with arthritis, osteoarthritis (OA), or with a condition following
distal radius fracture (trauma). Significantly higher cartilage damage with
lower T2* values was found in patients with OA compared to patients
suffering from arthritis, patients with condition after distal radius fracture,
and healthy controls

Fig. 4 Image synopsis of a healthy participant (a), a patient with arthritis
(b), and a patient suffering from osteoarthritis (c). For each case, the three
main sequences DESS (1), TrueFISP (2), and T2*map (3) were present-
ed. The arrows in figures b1–b3 emphasize a low-grade cartilage damage

of central zone under the scaphoid of a patient with arthritis. Images c1–
c3 of a patient suffering from osteoarthritis show a high-grade cartilage
damage of the articular cartilage of the lunate
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(p = 0.014), and healthy controls (p < 0.0001). For T2*, pa-
tients with arthritis illustrated significantly lower cartilage
damage in central zones (LC and SC; p = 0.005) and periph-
eral zones (LP and SP; p = 0.0002) compared to osteoarthritis.
Patients with arthritis illustrated significantly higher cartilage
damage in central zones (LC and SC) compared to peripheral
zones (LP and SP) (p = 0.0004). No significant difference be-
tween intraarticular fracture and no intraarticular fracture line
could be depicted in patients with condition after distal radius
fracture for T2* (p > 0.05) (Figs. 3, 4, 5 and 6).

Discussion

Our data showed that multiparametrical MRI of the
radiocarpal cartilage with the combination of high-resolu-
tion, morphological DESS and TRUFI sequences and bio-
chemical T2* mapping has the potential to identify differ-
ences of cartilage alterations in patients with arthritis com-
pared with patients with osteoarthritis. This is all the more
important because it can clinically be difficult to distin-
guish both diseases, especially in the condition of erosive
osteoarthritis [24]. Additionally, our data revealed that
multiparametrical MRI of assessing radiocarpal cartilage
is able to differentiate healthy participants from patients
suffering from arthritis, osteoarthritis, or distal radius frac-
ture. In many cases, articular cartilage injury or loss is
suspected for wrist pain [3]. Haims et al could not

demonstrate significant cartilage alterations in patients
with wrist pain using indirect MR arthrograms and
unenhanced MRI [2]. Our MR protocol comprised 3D,
high-resolution sequences that allow the detailed illustra-
tion of the thin hyaline cartilage layers of radiocarpal car-
tilage [1]. For the triangular fibro-cartilaginous complex
(TFCC), high-resolution MRI has shown good sensitivity
in co r r e l a t i on wi th a r th ro scopy [25 , 26] . Our
multiparametrical MRI demonstrated higher cartilage deg-
radation in central compared to peripheral zones in arthritis
and osteoarthritis. In addition, significantly higher carti-
lage damage in central zones of radiocarpal cartilage was
found in patients with osteoarthritis compared with pa-
tients suffering from arthritis. This may be explainable by
force distribution over the wrist that relatively show a
stronger impact on the central zones of radiocarpal carti-
lage in patients with osteoarthritis compared with arthritis
[27]. In patients with a condition after distal radial fracture,
no significant difference of cartilage alterations could be
found between intraarticular fracture and no intraarticular
fracture line. Both entities could lead to severe post-
traumatic cartilage damage and secondary osteoarthritis
[28]. The advantage of our MR protocol is that no contrast
media is necessary for cartilage evaluation. With regard to
the recently discovered gadolinium deposits in the brain
resulting from intravenous MR contrast agent application,
gadolinium-free imaging of articular cartilage is becoming
a focus both for research and clinical imaging [16].

Fig. 5 Delamination of radial
articular cartilage after
intraarticular distal radius fracture
19 months ago. The damage can
be shown in DESS (a) and is also
recognizable in the corresponding
T2* map (b). A bone marrow
edema in the distal radius can be
illustrated in the DESS sequence
(a)

Fig. 6 Intraarticular fracture of distal radius that was treated osteosynthesis.The current picture represents severe local cartilage damage corresponding to
the former fracture line. The trauma happened 5 years ago
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Our study has limitations. In spite of 47 examined par-
ticipants, the main limitation is the small sample size. It
should be noted that the study was performed without an
arthroscopic or histological correlation. This was not pos-
sible due to ethical reasons. For patients suffering from
osteoarthritis, no classification system could be specified.
Conventional radiographs were not performed in this pro-
spective study. Another limitation is the missing inter- and
intrareader reliability for biochemical imaging. In our
opinion, this is a minor limitation, as T2* mapping has
already been proven to provide high inter- and intrareader
reliability in former studies [29]. No age-matched groups
between patients suffering from arthritis and patients with
osteoarthritis could be applied. This is because of the dif-
ferent onset of the two diseases.

In conclusion, multiparametrical MRI of the radiocarpal
cartilage with a combination of high-resolution morpho-
logical and biochemical sequences on a clinical 3T MRI
system may be a powerful, non-invasive tool to investigate
and diagnose patients with wrist pain. Our MR imaging
protocol allows to identify differences in cartilage evalua-
tion of patients with arthritis and osteoarthritis, healthy
subjects could be distinguished from patients suffering
from arthritis, osteoarthritis, or trauma, and zonal distribu-
tion of cartilage damage could be worked out. Moreover,
we found that this is possible without the use of
gadolinium-based contrast agent, that is expected to be a
growing focus in future MR imaging trials of articular
cartilage.
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Abstract
Objective

the importance of tryptophan metabolism in this disease.

Methods

Results

respectively.

Conclusion
This study supports the hypothesis that tryptophan and its metabolites can be used as biomarkers predicting radiologic 

metabolism is closely linked to RA disease mechanisms. 
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Introduction
Rheumatoid arthritis (RA) is a chronic 

-
acterised by autoantibody production, 
joint destruction and disability (1). 
Healthy synovial tissue is comprised 

-
rophages, whereas lymphocytes mi-
grate to the joint in the course of RA. 

SF into a “tumor-like” phenotype with 
the capacity to degrade cartilage and 
bone (1, 2).  One major goal in caring 
for patients with RA is to prevent joint 
destruction by immunosuppressive 
therapy (1). Easy to determine markers 
that allow predicting risk for joint de-
struction are useful for the management 
of RA patients since use of more strin-
gent immunosuppressive regimens, 
e.g. biologics could be guided by such 
biomarkers. Sensitive imaging modali-
ties, like magnetic resonance imaging 
(MRI), support evaluation of outcome 
and prognostication of disease course 
(3). Modern techniques even allow 

joint cartilage degeneration in RA using 
Delayed Gd(DTPA)2-enhanced MRI of 
cartilage (dGEMRIC) (4, 5). 
Already twenty years ago, it was re-

-
tients shows highest indoleamine 
(2,3)-dioxygenase (IDO) activity and 
lowest tryptophan (TRP) as compared 
to gout, psoriatric arthritis (PsA), or 
osteoarthritis (OA) (6). IDO, which 
metabolises tryptophan to kynurenine, 
was clearly increased in lining layer 

7). In 
serum of treatment naïve RA patients 
TRP levels were decreased and kynure-
nine (KYN) was increased suggesting 
an increased activity of IDO (8). These 
changes are persistent even after treat-
ment (8, 9) and associated with dis-
ease stage (10) consistent with a role 
of IDO activity in RA pathogenesis. 
Inhibiting IDO activity results in ag-
gravated collagen-induced arthritis in 
mice (11). It has even been speculated 
that one mechanism by which shared 
epitope contributes to pathogenesis of 
RA involves inhibition of IDO (12, 13). 
However, in the K/BxN murine RA 
model which is more dependent on B 
cell antibody response, IDO inhibition 

results in amelioration of disease, pos-
sibly by paradoxically inhibiting B cell 
responses as opposed to innate and T 
cell responses (14).
TRP is a limiting and essential amino 
acid, and deprivation of TRP by IDO is 

observed during pregnancy to achieve 
tolerance of the fetus (15 -
broblast co-culture system showing 
Th1-inhibiting potential (16). Anti-

suggested by poor prognosis of several 
tumors which upregulate IDO to escape 
immune elimination (17). Besides deg-

IDO might be mediated via its product 
KYN which binds to the aryl hydrocar-
bon receptor (AHR) stimulating anti-

18) but also 
increasing bone resorption (19). There-
fore, rather than suggesting a mere ben-

IDO is more viewed as context-depend-

TRP levels are not only decreased by 
IDO activity, since it also serves as pre-
cursor of serotonin (SER) (20), a step 
initiated by tryptophanhydroxylase 
(TPH), which generates 5-hydroxytryp-
tophan that gets further metabolised to 
SER. SER is linked to mood disorders 
linking IDO pathway to depression and 
fatigue (21). In models of arthritis, i.a. 
SER results in aggravation of synovial 

-

(22). In RA patients, SER serum levels 
are positively associated with erosions 
at the temporomandibular joints (23). 
A direct link between bone loss and 
SER was established in animal mod-
els showing a direct inhibitory func-
tion of SER on osteoblast activity (24), 

showing negative association of bone 
mass with SER in postmenopausal RA 
patients (25). SER also has a direct 
effect on immune cells, which can be 

on cell type, context, and receptors in-
volved (26). 
As presented above, multiple evidence 
points towards an involvement of TRP 
and its metabolites in several aspects of 
RA. Therefore, we investigated the po-
tential of these metabolites to discrimi-
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nate between RA and OA and predic-
tive outcome in RA.

Materials and methods

Two cohorts of patients were analysed. 
Cross-sectional cohort 1 consisted of 
55 patients with long-standing RA ful-

for RA (27) and 81 patients with long-
standing OA who underwent elective 
joint replacement surgery.  
Longitudinal cohort 2 comprised 25 

-

criteria for RA. This cohort was ex-
tracted from the arthromark study (28), 

(3 Tesla) MRI (Magnetom Trio A Tim 
System; Siemens Healthcare, Erlan-
gen, Germany) of the dominant hand, 
affected by RA at 0, 3, and 6 months 

The MRI protocol includes a coronal 
short tau inversion recovery (STIR)-, 
T1-weighted turbo spin echo (TSE)-
, and T1 weighted 3D fast low angle 
shot (T1w-3D-FLASH)-sequence for 

-
proach. dGEMRIC was acquired with 
inversion recovery fast spin-echo se-
quences for 15 minutes. The applica-

method to dGEMRIC lead to shorter 

acquisition times and facilitated high 
resolution assessment of small joints 
(4, 5, 29). This dGEMRIC cartilage 
assessment is based on the fact that 
negatively charged glycosaminoglycan 
(GAG), a main component of hyaline 
cartilage, hinders the accumulation of 
Gd(DTPA)2-. Therefore, the T1-relax-
ation time of cartilage (dGEMRIC In-
dex, [ms]) is a measure of GAG loss 
(30).
RAMRIS score was determined ac-
cording to OMERACT guidelines, in 
consensus (one radiologist with at least 
six years’ experience in musculoskel-
etal imaging and one rheumatologist 

-
loskeletal imaging, both blinded to all 
relevant patient data) (31). 
Both studies were approved by the Eth-

-

cohort 2: no. 3828) and in case of co-
hort 2 also by the ethics committee of 
the Charité Berlin (EA1/193/10). The 
studies were conducted in accordance 
with the principles of the Declaration 
of Helsinki and the International Con-
ference on Harmonisation Guidance 
for Good Clinical Practice. All patients 
were informed about the purpose of the 
study and gave written consent upfront. 
Patient characteristics are summarised 
in Table I.

tryptophan, serotonin and kynurenine 
in serum 
Serum samples were taken at 0, 3 and 
6 months before MRI readings from 
initially treatment naïve, active pa-
tients as described in (28), or at the 
time of elective surgery in a non-active 
state, and were stored at -80°C until 
further processing. L-tryptophan and 
L-kynurenine were detected by IDKs 
IDO activity ELISA kit (K7726, Neu-
roimmun GmbH, Karlsruhe, Germany), 
serotonin was detected by IDKs sero-
tonin ELISA kit (K6880, Neuroimmun 
GmbH, Karlsruhe, Germany). Anti-
CCP antibodies were detected using a 
commercially available assay (Anti-
CCP hs (high sensitive)®, Orgentec di-
agnostic, Mainz, Germany). All assays 
were conducted according to the manu-
facturer’s protocols. 

Statistical analysis
Statistical analysis was performed with 

p<0.05 
and two-sided tests were performed. To 
minimise statistical error, non-normally 
distributed variables (Shapiro-Wilk 
test) were logarithmically transformed 
before parametric tests as indicated. To 
analyse discriminatory value of vari-
ables, ROC analysis was performed. 

Table I. Patient characteristics of cross-sectional cohort 1 and longitudinal cohort 2.
  
 Cross-sectional cohort 1 longitudinal cohort 2

 OA range RA range p-value  RA range

number (n) / visit 81  55   25 
female sex (%) 71.6  80   66.3 
median age (yr) 72 49 - 88 67 22 - 85 0.03 55 

cDMARD 0  36    
one 0  31   25 (MTX) 
two 0  5    

bDMARD   15    
anti TNF 0  13    
anti IL-6R 0  2    

Prednisolon (mg/d) 0  5 2.5 - 8.0   
median CRP (mg/dl)      0.3 0.1 - 3.7
median DAS28      3.7 1.4 - 6.3
median RAMRIS      25 9 - 59
median dGEMRIC       
median no. of erosions      7 0 - 26
median dGEMRIC [ms]      360.1 189.5 – 529
serotonin [ng/ml]      206.8 17 - 975
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To investigate the predictive value of 
baseline measurements for outcomes 
after six month, linear regression mod-

Ethics approval and consent 
to participate
Both studies were approved by the Eth-

-

cohort 2: no. 3828) and in case of co-
hort 2 also by the ethics committee of 
the Charité Berlin (EA1/193/10). The 
studies were conducted in accordance 
with the principles of the Declaration 
of Helsinki and the International Con-
ference on Harmonisation Guidance 
for Good Clinical Practice. All patients 
were informed about the purpose of the 
study and gave written consent upfront

Results

to OA patients and association of 
-

toid factor 
Average SER was increased (Fig. 1A, 
p<0.001) whereas TRP levels were 
markedly decreased (Fig. 1B, p<0.001) 
in serum of patients with RA as com-
pared to OA. KYN did show the least, 

-
creased serum levels in RA patients (Fig. 
1C; p=0.001). As expected, IDO activity, 
estimated by TRP / KYN ratio, was also 
increased in RA patients as compared to 
OA (Fig. 1D).
Further analysis revealed a nega-
tive association between rheu-
matoid factor (RF) and TRP  
(-0.369, p=0.006), as well as a positive 
association between estimated IDO ac-
tivity (KYN/TRP; r=0.385, p=0.004) 
and quantitative RF in RA patients Sup-
plementary Table S1). In contrast, lev-
els of KYN (r=-0.439, p=0.001) as well 
as estimated IDO activity (r=-0.276, 
p=0.044) showed negative association 
with RF in linear correlation analysis for 
OA patients (Table S1). These results 
might indicate a context-dependent in-
volvement of IDO pathways in RF pro-
duction. However, we could not detect 
any correlation of tryptophan metabo-
lites and anti-CCP antibody levels. 

To characterise the value of TRP and 
its metabolites to distinct between sys-

-
formed ROC analysis. Estimated IDO 

showed better test characteristics than 

even similar test characteristics to anti-

0.984) in discriminating RA from OA 
(Fig. 2). A cut-off value of 0.0253 for 
IDO activity (KYN/TRP ratio) dis-
criminated patients with RA from OA 

-
tivity of 96.3%. 

-
ferences in RA versus OA regarding 
metabolites of the TRP metabolism 
with an increase in SER and IDO activ-
ity in RA patients, respectively. In con-
trast to anti-CCP serum levels, which 
did not show any correlation to trypto-
phan metabolites, the production of RF 
is positively associated with estimated 
IDO activity, whereas a negative asso-
ciation was found in OA patients.

tryptophan metabolism is modulated 

Since levels of autoantibodies, like RF, 
are regarded as prognostic markers and 
therefore are directly related to joint 
destruction in RA, we further analysed 
association and predictive value of 
TRP metabolites in a second, radiolog-
ically well characterised patient cohort. 
These RA patients were characterised 
by CRP, DAS28, different radiologic 
scores and values (RAMRIS, dGEM-
RIC index) and number of radiologi-
cally detected erosions (Table I). We 

analysis to determine, if linear relation-
ships exist between TRP metabolism 
and determined RA parameters.
Correlation analysis revealed that KYN 
(r=0.224, p=0.046), number of ero-
sions (r=0.405, p<0.001), and RAMRIS 
(r=0.485, p<0.001) was associated with 
age and KYN (r=0.262, p=0.020) was 
also associated with sex. After control-
ling for age and sex by partial correla-
tion analysis, no linear association of 

Fig. 1. Level of tryptophan and metabolites in serum of rheumatoid arthritis (RA) and osteoarthritis 
(OA) patients. Serum levels of serotonin (A), trypophan (B), kynurenine (C), and estimated indoleamine 
(2,3)-dioxygenase (IDO) activity (kynurenine / tryptophan ratio) (D), is depicted. Each dot corresponds 
to one individual patient. p ***p<0.0001, **p<0.001. 
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CRP with TRP or its metabolites was ev-
ident. However, only analysing patients 
with increased CRP (>0.3 mg/dl) values 

with serum SER levels in partial correla-
tion analysis (r=0.527, p=0.006, Fig. 3), 

whereas RA patients with normal CRP 
values (<0.3 mg/dl) did not show any 
association with CRP (r=-0.065, p=0.7). 
This points to an association that is only 

For KYN and TRP such dependency on 

(data not shown). 
DAS28 did show a weak linear rela-
tionship with KYN (r=0.237, p=0.055) 
and estimated IDO activity (r=0.218, 
p=0.079) in partial correlation con-
trolled for age, sex and CRP. Relation-
ship to radiological outcomes and pa-
rameters such as RAMRIS, dGEMRIC 
index, or the number of erosions could 

-
sis (data not shown).

bolism for radiologic outcome in RA
In clinical practice, the most impor-
tant question would be to determine 
outcome from one baseline measure-
ment of TRP metabolites. Therefore, 
we investigated a possible predictive 
value for TRP metabolites measured at 
baseline regarding changes in RA out-
comes at month 6 by linear regression 
modelling (Table S1). By backwards 
exclusion of predictors, serum SER 
level measured at baseline (standard-
ised beta: 0.529, p=0.014) was shown 
to be the best sole predictor of percent 
change in RAMRIS at month six of 
follow-up. Controlling for age and sex 
weakened the role of SER in the model 
(standardised beta: 0.426, p=0.056) and 
the predictive value of this model was 
modest (corrected r2=0.245, p=0.074).
However, since analysis above showed 
that associations were primarily ob-
served in patients with increased CRP 
and in clinical practice this patient 
group would experience the highest 
risk of radiographic progression (32, 
33), we analysed this subgroup of pa-
tients with in the same model. This 
markedly improved model characteris-
tics (Table II) and best predictive value 
for change in RAMRIS at month 6 was 
calculated for a model including TRP, 
KYN, and SER (corrected r2=0.529, 
p=0.01) with SER being the sole sig-

0.676, p=0.004) even after controlling 
for sex and age (Table II). On the other 
hand, serum KYN levels at baseline 

model (corrected r2=0.228, p=0.048) 
predicting increase in erosions at 
month 6 (standardised beta: -0.536, 
p -

Fig. 2. Receiver Operator Characteristic (ROC) of tryptophan and metabolites to destinct between 
rheumatoid arthritis (RA) and osteoarthritis (OA). ROC of serotonin (green line), kynurenine (brown 
line), tryptophan (light brown line), estimated indoleamine (2,3)-dioxygenase (IDO) activity (thick 
blue line) are compared to rheumatoid factor (RF, thick red line) and anti-CCP antibody levels (anti-

are given for each metabolite. 

Fig. 3. Linear correlation 
of serum serotonin and c-
reactive protein (CRP) in 
patients with increased CRP 
values. A dot plot of serum 
serotonin levels and CRP 
values is depicted. Every 
dot represents one patient. 
The straight line represents 
the linear regression of the 
data (r2 = 0.263).
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cant after controlling for age and sex 
-

ity as a predictor for developing more 
erosions at month six further improved 
the model (Table III, standardised beta 
-0.609, p=0.021, corrected r2=0.318, 
p=0.021). A predictive model could 

its metabolites regarding changes in 
DAS28 or dGEMRIC index at month 6 
(data not shown). 

In conclusion, for patients with in-
creased CRP at baseline, a negative as-
sociation of baseline KYN serum levels 
with increase in erosions after six month 
and a positive association of baseline 
SER serum levels with increases in 
RAMRIS at month six were detected. 

Discussion
This study contributes to a better un-
derstanding of TRP and its metabolites 

in RA and OA patients. Basically, we 
found parameters of the TRP metabo-
lism altered in RA as compared to OA, 

described in the literature (8, 10, 34). 
However, to our knowledge, this is the 

power of IDO activity between OA and 
RA patients, which was even better, or 
similar than the established markers RF 
and anti-CCP, respectively. In addition, 
we could show that IDO is directly re-
lated to serum level of RF, pointing to 
a possible role of TRP metabolism in 
autoantibody production. This assump-
tion is supported by reports showing a 

B cell function, concluding that IDO2 
activity is directly linked to autoan-
tibody production in animal models 
of arthritis, and therefore proposing 
IDO2 as therapeutic target (14, 35, 36). 

-
port such a mechanism in human RA, 
at least for RF, since we could not show 
such an association with anti-CCP an-
tibody levels, possibly pointing to a 
different role of IDO in generation of 
RF vs. anti-CCP antibodies. However, 

-
tion with decreased pathology in model 
of arthritis was demonstrated (36). In-
terestingly, this role for IDO2 seemed 

-
body responses and was not observed 
in physiologic antibody responses (35, 
36). In our study, we also provide sup-
port for this hypothesis in humans, 
since in patients suffering from OA, 

the production of RF was negatively 
associated with IDO activity, contrast-
ing the result in RA patients and point-
ing to a different role of IDO activity 

A similar dual role, depending on in-

SER, since we observed an association 
of SER with CRP only in patients with 
increased CRP values, but not in non-

to KYN and TRP, SER behaved like 
an acute phase reactant. SER has been 

receptors in animal models of adjuvant 
induced arthritis in rats (37), however 

Table II. Linear regression model predicting change in RAMRIS at month six in RA         
patients with increased CRP values.

Model# model chracteristics predictor Std beta T p-value

1 r=0.800 constant  1.747 0.115
 r2=0.64 serotonin ng/ml 0.636 2.805 0.021
 
 p
  age -0.12 -0.486 0.638
    sex 0.02 0.084 0.935

2 r=0.800 constant  2.047 0.068
 r2=0.64 serotonin ng/ml 0.643 3.197 0.01
 
 p
    age -0.119 -0.51 0.621

3 r=0.794 constant  3.159 0.009
 r2=0.63 serotonin ng/ml 0.676 3.684 0.004
 
  p

4 r=0.760 constant  2.848 0.015
 r2=0.577 serotonin ng/ml 0.685 3.651 0.003
 
  p=0.006        

5 r=0.695 constant  9.32 0
 r2=0.483 serotonin ng/ml 0.695 3.482 0.004
 corr. r2=0.443    
 p=0.004

Table III. Linear regression model predicting change in erosions at month six in RA         
patients with increased CRP values.

Model# model chracteristics predictor Std beta T p-value

1 r=0.779 constant  2.051 0.07
 r2=0.607 serotonin 0.476 2.052 0.07
 corr. r2=0.432 IDO activity -0.831 -3.184 0.011
 p=0.056 age 0.449 1.685 0.126
    sex -0.186 -0.801 0.444

2 r=0.761 constant  1.952 0.079
 r2=0.579 serotonin 0.412 1.926 0.083
 corr. r2=0.452 IDO activity -0.768 -3.143 0.01
  p=0.029 age 0.393 1.557 0.151

3 r=0.690 constant  4.406 0.001
 r2=0.477 serotonin 0.329 1.495 0.163
 corr. r2=0.382 IDO activity -0.566 -2.573 0.026
  p=0.028        

4 r=0.609 constant  5.946 0
 r2=0.370 IDO activity -0.609 -2.657 0.021
 corr. r2=0.318    
 p=0.021
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its effect on bone metabolism (38) and 

blood vessels (39) might be protective. 
The measured total SER level depends 
more on release from thrombocytes 
than IDO or TPH activity and throm-
bocyte numbers are associated with in-

40). Furthermore, 
platelets have been shown to contain 
less and release more SER under in-

41). 
However, serum SER is a predictor 
of radiological outcome measured by 
RAMRIS in RA patients. RAMRIS is a 
MRI scoring system semiquantitatively 
assessing severity of synovitis, bone 
marrow oedema and erosions in hand 
and wrist joints, and was especially de-

and destructive changes in RA hands 
and wrists (31). It has been evaluated 
in many studies, including treatment-re-
sponse trials, and a recent meta-analysis 

in RA (42). Furthermore, subscores of 
the RAMRIS are directly linked to his-
topathological correlates, e.g.
on MRI are linked to cartilage damage 

29, 
43). The predictive value of RAMRIS 
for RA outcome measured by DAS28 
has been recently reported, and it has 
been suggested that RAMRIS might be 
a valuable parameter to predict treat-
ment response (28). Therefore, predic-

-

-
hibitors of SER receptors were already 
successfully used systemically and in-
tra-articularly in patients with RA (44). 
It is unclear why cartilage integrity, 
measured by dGEMRIC is not associat-
ed with TRP or its metabolites in the pre-
dictive regression model. We expected 
that SER shows some association with 

-
tion which itself is positively associated 
with production of metalloproteinases 
that are main contributors to cartilage 
degradation (45). However, dGEMRIC 
does not change considerable over time 
in our study within six month, although 

DAS28 was decreased in our cohort 

over time (data not shown). Therefore, 
it is possible, that study period was too 

-
porting this hypothesis is a study show-
ing that during anti-TNF therapy, even 
a good response to therapy measured 
by clinical and laboratory parameters, 
did not halt further knee joint cartilage 
GAG loss as measured by dGEMRIC 
(46). Therefore, dGEMRIC seems not 

-
mation and this might be the reason 
why it is not associated with serotonin 
in our study.
Interestingly, erosions itself are bet-
ter predicted by a negative association 
with KYN or IDO activity, respectively, 
than SER serum baseline levels, sug-
gesting that KYN might be particularly 
involved in bone pathology. Positive 
association of serum KYN with OCN, 
a marker of bone resorption, is known 
(47). It is also known, that TRP metabo-
lism and KYN, respectively, are posi-
tively linked to bone mineral density 
(48).  experiments show that in-
hibiting IDO1, and therefore decreasing 
KYN, decreases osteoblastogenesis and 
increases osteoclast activity, leading to 
osteopenia (19). This could be a direct, 
mechanistic explanation for the nega-
tive association of KYN with erosions 
and points out the importance of IDO 
activity in RA bone pathology. SER on 
the other hand showed no predictive 
value for erosions in particular. In con-
trast to IDO activity and KYN, in vitro 
experiments using murine osteoclast- 
and osteoblast-differentiation assays 
clearly demonstrated a protective role 
for SER via HT2A receptors, acting via 
increasing osteoprotegerin and decreas-
ing RANKL (38). In addition, protective 
HT2A receptors are downregulated in 
RA tissue (49). Therefore, it might well 
be that increased SER levels in RA pa-
tients, despite a possible systemic proin-

against bone loss and not a cause of the 
latter. However, this needs to be deter-
mined in future mechanistic studies.

Conclusion
In summary, our study provides evi-
dence for a role of SER serum level as 
prognostic marker of radiologic out-

come in RA measured by composite 
RAMRIS, whereas IDO activity and 
KYN baseline levels predict develop-
ing erosions. Therefore, it is not sur-
prising that IDO activity is an even 
better marker than RF, and equivalent 
to anti-CCP in discriminating between 
OA and RA patients. One important as-

of the patient into consideration while 
interpreting results concerning TRP 
metabolites. This might not only be rel-

-
matory diseases and could help solving 
some of the controversies regarding a 

and its metabolites (50).

Key message
RA and OA patients can be discrimi-
nated by IDO activity better than RF, 

-
tion in RA and serotonin, as well as 
IDO activity have prognostic value for 
radiologic outcome. 
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Abstract

Background: The aim of the study was to evaluate a simplified version of the Rheumatoid Arthritis Magnetic
Resonance Imaging Score (RAMRIS) for five joints of the hand (RAMRIS-5) in patients with early rheumatoid arthritis
(RA) before and after the initiation of methotrexate (MTX) therapy using high-resolution, 3-T magnetic resonance
imaging (MRI).

Methods: Twenty-eight patients with a seropositive, early RA (disease duration of less than 6 months (range 2–23
weeks)) according to 2010 American College of Rheumatology/European League Against Rheumatism (ACR/EULAR)
criteria (mean age 56.8 years, range 39–74) were prospectively assessed with a baseline investigation including
clinical assessment (disease activity score of 28 joints (DAS-28) and C-reactive protein (CRP)) and 3-T MRI of the
clinically dominant hand. Follow-up visits were performed 3 and 6 months after initiation of a MTX therapy at
baseline. MRI scans were analyzed in accordance with RAMRIS and the simplified RAMRIS-5.

Results: DAS-28 and CRP decreased significantly after initiation of MTX therapy. Even though erosion scores
increased over time, RAMRIS and RAMRIS-5 also decreased significantly after the start of therapy. There was a strong
correlation between the total RAMRIS-5 and RAMRIS at baseline (r = 0.838; P <0.001) and follow-up (3months: r = 0.876;
P <0.001; 6months: r = 0.897; P <0.001). In the short term (3-month follow-up), RAMRIS and RAMRIS-5 demonstrated
similar ability to detect changes for all subgroups (bone edema, erosion, and synovitis). In the long-term comparison
(6-month follow-up), RAMRIS-5 also showed similar effectiveness when detecting changes in bone edema and erosion
compared with RAMRIS. Deviations occurred regarding only synovitis, where change was slightly higher in RAMRIS-5: SRM
(RAMRIS) = 0.07 ± 0.14; SRM (RAMRIS-5) = 0.34 ± 0.06.

Conclusions: Three-Tesla MRI-based RAMRIS-5 is a simplified and resource-saving RAMRIS score which compares
favorably with the RAMRIS when detecting changes in early RA. Even though there is a slight abbreviation between
RAMRIS-5 and the original score regarding the change of synovitis, it may be used for diagnosis and therapy monitoring
in follow-up evaluations.
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Background
Rheumatoid arthritis (RA) is the most common inflamma-
tory joint disease. Early diagnosis and treatment signifi-
cantly improve the long-term outcome [1, 2]. Delayed
treatment leads to chronic synovitis, joint destruction,
pain, loss of function, and reduced quality of life [1–3].
Many studies have shown that early and rigorous treat-
ment significantly reduces the impact of chronic inflam-
mation and prevents radiological progression in a large
proportion of patients [3, 4]. In the early stage of the dis-
ease, there is a “window of opportunity”, which starts to
close between the third and fourth month after symptom
onset where patients have more benefits from active treat-
ment with conventional synthetic disease-modifying
anti-rheumatic drugs (csDMARDs) than in the later
course of the disease. This is because irreversible joint de-
struction occurs more often in the later stages of the dis-
ease [5]. Therefore, the current treat-to-target approach
demands therapy with csDMARDs at an interval no more
than 3months after symptom onset. Thus, early diagnosis
is crucial to allow early treatment and prevent irreversible
joint destruction [6]. In early stages, RA often shows
non-typical and only temporary symptoms. The revised
American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) Classification Cri-
teria were established to define early RA [7]. The ACR/
EULAR Classification Criteria include acute-phase reac-
tants, serology, joint distribution, and symptom duration
[8]. Erosive joint destruction, detected in conventional
radiography in a typical location, is proof enough to diag-
nose RA. However, it is not a sign of early RA. Even dur-
ing a very aggressive progression of the disease, erosive
joint destruction can be identified by using conventional
radiography 6–24months at the earliest following the
onset of symptoms [9, 10]. Therefore, in addition to clin-
ical examination and serological biomarkers, imaging
tools—such as ultrasound or magnetic resonance imaging
(MRI)—play an important role in the detection of early
RA. MRI can show changes associated with early RA that
are predictive for the development of bone destruction in
the course of the disease, such as soft tissue inflammation
and bone edema [11, 12]. As Schleich et al. [13] have
already shown, RAMRIS-5 is applicable in low-field MRI
scanners. Image generation speed, spatial resolution, and
contrast improve with increasing field strength. This is
most noticeable between low-field (≤0.3 T) and high-field
(≥1.5 T) imaging [14]. In order to detect changes associ-
ated with early RA (for example, small erosions), there is a
need for a high spatial resolution and thus a high field
strength. As spatial resolution increases with magnetic
flux density [15–17], it can be assumed that small changes
in the 3-T MRI can be detected even better than in the
1.5-T MRI. Wieners et al. [17] showed the superiority of
3-T compared with 1.5-T image quality of RA hands,

regarding the extent of bone edema, synovitis, small bone
erosions, and the inter-reader reliability, even though
image quality at 1.5 T was also acceptable.
With the RAMRIS, the Outcome Measures in RA

Clinical Trials (OMERACT) group established a highly
reliable, standardized, semi-quantitative instrument to
evaluate therapy outcome [13, 18, 19]. This is a sum
score based on the presence of synovitis, bone marrow
edema, and erosions at 23 joint sites of the dominant
hand and wrist (metacarpophalangeal [MCP], intercar-
pal, carpo-metacarpophalangeal, radiocarpal, and radio-
ulnar) [19]. The assessment of RAMRIS is time- and
resource-consuming. A streamlined MRI score,
RAMRIS-5, focusing on only five joints of the hand and
wrist, has been evaluated and proven to have a strong
correlation in patients with established RA at low-field
MRI [13]. However, it has not yet been evaluated for pa-
tients with early RA at high-field 3-T MRI. Therefore,
the aim of the study is to establish RAMRIS-5 in early
RA patients at baseline and under therapy at high-field
MRI within the scope of the German ArthroMark co-
hort, which aims to identify new therapy strategies and
modern imaging for diagnosis and therapy control in
early RA.

Methods
Patients
Twenty-eight patients with early RA (mean age: 56.8 years;
minimum 39 years, maximum 74 years); rheumatoid fac-
tor (RF) or anti-cyclic citrullinated peptide (anti-CCP)
antibody–positive or both; disease duration of less than 6
months, mean duration: 16.3 weeks (minimum 2weeks,
maximum 23weeks) fulfilling the 2010 ACR/EULAR cri-
teria for RA [8] from the German ArthroMark initiative
cohort were prospectively recruited from multiple centers
but MRI scans were performed in Düsseldorf only. The
ArthroMark consortium—Berlin (Charité, Deutsches
Rheumaforschungszentrum), Frankfurt, Munich, and Düs-
seldorf, Germany—was funded by the Federal Ministry of
Education and Research (Bundesministerium für Bildung
und Forschung [BMBF], 01EC1009).
Ethics approval was given by the ethics committee of

the Heinrich-Heine University of Düsseldorf (reference
number 3483) and the Charité Berlin (EA1/193/10).
Written informed consent was obtained from all patients
before enrollment.
All patients were treated with the recommended

csDMARD, methotrexate (MTX). Supplementary appli-
cation of prednisone was allowed up to 10mg per day.
No patient received a dose increase. There was no
change to other treatments. With high-field MRI (3 T),
imaging of the clinical dominant hand was performed at
baseline (t = 0) before starting MTX therapy and at
follow-up under MTX therapy, about 3 months (t = 1)
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and 6months (t = 2) after the baseline scan. At all three
examination days, the disease activity score of 28 joints
(DAS-28) and C-reactive protein (CRP) were recorded.

Magnetic resonance imaging
A 3-T MRI scanner (Magnetom Trio A Tim System; Sie-
mens Healthcare, Erlangen, Germany) with a
four-channel flex coil was used for all imaging. The
image protocol contained the following sequences of the
clinical dominant hand: coronal short tau inversion re-
covery (STIR) and T1-weighted turbo spin echo (TSE).
After intravenous injection of the contrast agent (0.4
mL/kg body weight of Gd-DTPA; Magnevist®), a coronal
TSE and a transversal SE sequence with fat suppression
were applied. The field of view covered MCP II–V, car-
pometacarpal, carpal, radiocarpal, and distal radioulnar
joints. Sequence parameters are listed in Table 1.

Image analyses
MRI images were read in consensus by two physicians
with special expertise in musculoskeletal imaging (one
radiologist and one rheumatologist). MRI scans were
evaluated for synovitis in the MCP joints II–V and in
the wrist joints (distal radioulnar joint, radiocarpal joint,
and intercarpal-carpometacarpal joints) in accordance
with the EULAR/OMERACT rheumatoid arthritis MRI
scoring system (RAMRIS). Additionally, bone edema
and erosions were detected in MCP joint bones II–V as
well as all wrist joint bones (distal radius, distal ulna,
scaphoid, lunate, triquetrum, pisiform, trapezium, trap-
ezoid, capitate, hamate, and the proximal metacarpal
bones I–V) [11]. By summarizing the subscores for syno-
vitis, bone edema, and erosions, the semi-quantitative
RAMRIS score for the clinical dominant hand was cal-
culated. RAMRIS-5, the modified, shorter version of
RAMRIS, is reduced to commonly affected bones and
joints in RA [13]. In order to calculate the RAMRIS-5
score, bone edema (Fig. 1) and erosion (Fig. 2) were
evaluated in the following five joint sites: MCP II and
III, capitate bone, triquetral bone, and distal ulna (Fig. 3).
In addition, synovitis was scored in the MCP II and III
joint (Fig. 4) and in the wrist. To keep it simple, there is
only one synovitis wrist score that covers all intercarpal

and radiocarpal joints. This simplified score corresponded
to the worst synovitis score of the three affected joints.

Statistical analysis
Standardized response means (SRMs) were calculated
for all subgroups (edema, erosion, and synovitis) of
RAMRIS and RAMRIS-5 after 3 months (t0 versus t1)
and after 6 months (t0 versus t2). The SRM between two
points in time is defined as the mean change between
the two points over the standard deviation of the change
between these points in time. Baseline and follow-up
analyses for the total score (sum of the subscores of
edema, erosion, and synovitis) were calculated in accord-
ance with Spearman’s rank correlation coefficient.
Change over time was assessed by a paired t test where
appropriate. Results with a P value of less than 0.05 were
considered significant. Inter-reader agreement was
calculated by using Pearson’s intraclass correlation
coefficient (ICC) analysis (absolute agreement). One
radiologist tested the time which was used for both
scoring methods.

Results
RAMRIS-5 and RAMRIS time-comparative analysis
demonstrated significantly lower time consumption for
RAMRIS-5 compared with RAMRIS at baseline (42.4 ±
8.00 s versus 277.3 ± 21.3 s; P <0.05), at the 3-month
follow-up (38.4 ± 8.70 s versus 270.6 ± 19.7 s; P <0.05),
and at the 6-month follow-up (35.7 ± 5.70 s versus 267.2
± 17.2 s; P <0.05).
RAMRIS and RAMRIS-5 were evaluated for all three

subscores—bone edema, erosion, and synovitis—and for
the total sum score. RAMRIS and RAMRIS-5 as a total
score showed mean values at baseline (RAMRIS: 29.29;
RAMRIS-5: 13.29). There was a reduction under MTX
therapy already at 3-month follow-up (T0-T1 mean of
differences: RAMRIS: 2.08, 95% confidence interval (CI)
0.19 to 3.98, P = 0.03 (paired t test); RAMRIS-5: 0.54,
95% CI −0.5 to 1.58, P = 0.29) and an increase within the 6
months of follow-up (T1-T2 RAMRIS: −2.14, 95% CI −3.61
to −0.86, P = 0.006, RAMRIS-5: 0.95, 95% CI −1.80
to −0.11, P = 0.029). The mean values for bone
edema in RAMRIS and RAMRIS-5 fell continuously

Table 1 Sequence details

Sequence/Parameter STIR without contrast agent T1w-TSE without contrast agent TSE with contrast agent SE with contrast agent

Orientation Coronal Coronal Coronal Transversal

TE/TR, ms/ms 31/5560 25/860 25/120 12/765

Flip angle, ° 120 150 150 90 and 120

Slice thickness, mm 2.5 2.5 2.5 2.5

Field of view, mm × mm 120 × 120 120 × 120 120 × 120 120 × 60

Number of acquired slices 17 17 17 17

Abbreviations: SE spin echo, STIR short tau inversion recovery, T1w-TSE T1-weighted turbo spin echo, TE/TR echo time/repetition time, TSE turbo spin echo
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over time (baseline: 4.64; 1.64, 3-month follow-up: 3.21;
1.13, 6-month follow-up: 2.43; 1.04). The number of ero-
sions increased in RAMRIS and RAMRIS-5 after 3months
and showed a further slight increase in RAMRIS-5 after 6
months (baseline: 7.96; 4.18, 3-month follow-up: 9.13; 4.92,
6-month follow-up: 9.04; 5.09). Synovitis showed a decrease
after 3months and a rise after 6months that was below the
baseline in RAMRIS and RAMRIS-5 (baseline: 16.68; 7.46,
3-month follow-up: 14.88; 6.71, 6-month follow-up: 16.26; 7.09). ICC analysis revealed a high inter-observer agree-

ment for RAMRIS (ICC = 0.99; P <0.0001) and RAMRIS-5
(ICC = 0.97; P <0.0001).
The RAMRIS-5 total score showed a high correlation

with RAMRIS at all times, at baseline and under MTX
therapy (baseline: r = 0.838; P <0.001, 3-month fol-
low-up: r = 0.876; P <0.001, 6-month follow-up: r = 0.897; P
<0.001).

Fig. 2 Example of a patient’s hand with erosion in the
metacarpophalangeal III joint (coronal T1-weighted turbo spin echo)

Fig. 3 Schematic view of the five joint sites, where bone edema and
erosion are evaluated for RAMRIS-5: metacarpophalangeal (MCP) III
(1) and II (2) joints, capitate bone (3), triquetral bone (4), and distal
ulna (5). In addition, synovitis is scored in the MCP II and III joints as
well as in the wrist. Abbreviation: RAMRIS-5 Rheumatoid Arthritis
Magnetic Resonance Imaging Score for five joints of the hand

Fig. 4 Example of a patient’s hand with synovitis
metacarpophalangeal III, bone marrow edema, and erosions
(transversal spin echo sequence with fat suppression)

Fig. 1 Example of a patient’s hand with bone marrow edema in the
metacarpophalangeal D3 joint (coronal short tau inversion recovery
without contrast agent)
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In the short term (3-month follow-up), RAMRIS and
RAMRIS-5 showed a similar ability for detecting
changes with overlapping standard deviations for all
subgroups (bone edema, erosion, and synovitis). In the
long-term comparison (6-month follow-up), the
RAMRIS-5 also showed similar capabilities to detect
changes regarding bone edema and erosion compared
with RAMRIS. Deviations occurred only regarding syno-
vitis, where the change is slightly higher in RAMRIS-5
(standardized response mean SRM(R) = 0.07 ± 0.14;
SRM(R5) = 0.34 ± 0.06) (Table 2, Fig. 5).
CRP levels were highest at the initial measurement

(9.6 mg/L) and continually decreased in the 3 and 6
months of follow-up under MTX therapy (6.5 mg/L; 3.6
mg/L). In 14 out of 24 patients, CRP levels decreased in
the 3-month follow-up after MTX therapy. There were
five patients with constant CRP levels and five patients
with an increase. In the 6-month follow-up in 16 out of
22 patients, CRP levels decreased. There were five pa-
tients with no changes in CRP levels and one with an
increase.
Corresponding to CRP levels, the DAS-28 had been

highest at the initial measurement (4.69) and continually
dropped in the 3 and 6months of follow-up (3.46; 2.57).
In 21 out of 24 patients, DAS-28 improved by the
3-month follow-up. There were three patients with a
DAS-28 increase. By the 6-month follow-up, DAS-28
decreased in 22 out of 23 patients. There was one pa-
tient with an increase (Table 3).
Furthermore, there was a weak correlation between

6-month RAMRIS follow-up and DAS-28 at the
3-month follow-up (r = 0.533; P = 0.013). We did not
find evidence for a correlation between RAMRIS/
RAMRIS-5 and DAS-28 or CRP (t = 0: DAS-28/
RAMRIS P = 0.657; DAS-28/RAMRIS-5 P = 0.888;
CRP/RAMRIS P = 0.267; CRP/RAMRIS-5 P = 0.303;

t = 1: DAS-28/RAMRIS P = 0.055; DAS-28/RAM-
RIS-5 r = 0.434; P = 0.034; CRP/RAMRIS P = 0.127;
CRP/RAMRIS-5 r = 0.496; p = 0.14; t = 2: DAS-28/
RAMRIS P = 0.629; DAS-28/RAMRIS-5 P = 0.543;
CRP/RAMRIS p = 0.731; CRP/RAMRIS-5 P = 0.816).

Discussion
The OMERACT RAMRIS system is widely accepted as a
reference standard in RA trials for diagnosing, staging,
and follow-up [20]. Owing to its time commitment, it is
barely used in clinical practice [20]. A simplified scoring
system, RAMRIS-5, introduced by Schleich et al., turned
out to be a time-saving alternative with close correlation
to RAMRIS for patients with an established RA in
low-field MRI (minimum disease duration of 5 years)
[13]. Because it was unclear whether there is also a high
correlation between RAMRIS and RAMRIS-5 in patients
with early RA, we evaluated the shortened scoring
method RAMRIS-5, reduced to only five instead of 23
joint sites, for patients earlier than 6 months after dis-
ease onset (early RA).
The selection of RAMRIS-5 joints is based on previous

studies and observations of our own research group [18,
21] which demonstrated a frequent involvement of the
selected joints. With regard to early RA, Fleming et al.
[22] describe lesions at the MCP joints as well as at the
wrist, which are partly included in the RAMRIS-5. The
RAMRIS-5 therefore seemed to be suitable primarily for
the early stage of RA.
Our results show a strong correlation between the

total mean RAMRIS and the total mean RAMRIS-5 at
baseline as well as under MTX therapy at 3 and 6
months of follow-up. This emphasizes that RAMRIS-5 is
an appropriate, time-saving alternative to RAMRIS not
only for patients with established RA but also for pa-
tients with early RA. It is suitable for detecting
disease-typical findings and follow-up evaluation under
therapy.
Furthermore, RAMRIS-5 has an equivalent perform-

ance level for detecting changes under therapy as RAM-
RIS does for all subgroups (edema, erosion, and
synovitis) after 3 months. Even after 6 months, change is
also similar between RAMRIS-5 and the original score
for edema and erosion. Deviations between RAMRIS
and RAMRIS-5 occurred only in the change of synovitis
in the long follow-up (6 months). The change of the
RAMRIS-5 synovitis score was higher than that of
RAMRIS. In our case, this means a stronger reduction
of RAMRIS-5 than of RAMRIS after therapy.
The fact that synovitis is measured in only three in-

stead of five regions, in contrast to the other subgroups,
increases the risk of deviating from the results of the ori-
ginal score. In addition, the wrist score for synovitis was
deliberately chosen as a region frequently affected by

Table 2 Comparison of standardized response means for the
subgroups erosion, edema, and synovitis for months 3 and 6

SRM (3) SD (3) SRM (6) SD (6)

Erosion

RAMRIS −0.15 0.25 −0.15 0.11

RAMRIS-5 −0.12 0.17 −0.14 0.17

Edema

RAMRIS 0.17 0.29 0.09 0.25

RAMRIS-5 0.15 0.9 0.07 0.10

Synovialitis

RAMRIS 0.47 0.14 0.07 0.14

RAMRIS-5 0.43 0.06 0.34 0.06

Abbreviations: RAMRIS Rheumatoid Arthritis Magnetic Resonance Imaging
Score, RAMRIS-5 Rheumatoid Arthritis Magnetic Resonance Imaging Score for
five joints of the hand, SD standard deviation, SRM standardized
response mean
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RA. In case of a decrease in synovitis under therapy, this
leads to a stronger weighting of the improvement in
RAMRIS-5 and a discrete overestimation of the im-
provement in the course of the disease. One might argue
to refine the RAMRIS-5 synovitis score by including an-
other joint area, but because the synovial change is over-
estimated and not underestimated, the RAMRIS-5 does
not miss out on a possible therapy-requiring disease re-
lapse. On the contrary, progress in synovitis could be
even better perceived. Furthermore, the change in the
“window of opportunity” after about 3 months is similar
to that of the original RAMRIS and deviates from it only
in the later course (6-month follow-up). Furthermore,
since the great advantage of RAMRIS-5 is its brevity and
suitability for everyday use, adding more joint sites is
not recommended from our point of view for imple-
menting MRI in daily practice. To summarize, we are
convinced that the selected joints in RAMRIS-5 are still
the right choice for the assessment of early RA disease
activity at the beginning and during treatment, even for
early RA. We could show the time-saving capabilities of
RAMRIS-5, which is a further and very important step
to implement an objective MRI scoring method in clin-
ical routines.
Early diagnosis and therapy of RA are of great import-

ance to prevent joint destruction and to reach the stated

target of remission or at least low disease activity [5, 6].
Conventional x-rays of the hand and wrist are still the
gold standard for diagnosing, staging, and follow-up of
patients with RA. However, it is insensitive to early ero-
sion whereas MRI is more sensitive for detecting ero-
sions and other early changes associated to RA like bone
edema and synovitis [23, 24]. Therefore, MRI has be-
come a useful tool in the diagnostic process for arthritis,
especially for early RA [17]. Regarding MRI image qual-
ity, there is a better signal-to-noise ratio and a higher
spatial resolution with increasing magnetic flux density
in general [15–17]. Additionally, compared with the
image quality of low-field MRI (<0.3 T), that of
high-field MRI (≥1.5 T) is superior because of a reduced
acquisition time that leads to shorter protocols and
fewer motion artifacts [15, 25]. Other technically related
non-RA-specific studies showed that, compared with the
image quality of low-field MRI, that of high-field MRI
systems is superior when focusing on small anatomic
structures, such as the posterior inter-malleolar ligament
(a possible cause of the posterior ankle impingement
syndrome) [16]. Therefore, it can be assumed that
RA-specific small anatomical structures can also be bet-
ter detected by means of high-field MRI. Moreover,
there is evidence that 3-T is superior to 1.5-T MRI for
the detection for bony changes [26]. Owing to the higher

Fig. 5 Results of the performance of detecting changes measured by the standardized response mean (SRM) for all subgroups of RAMRIS and
RAMRIS-5 after 3 and 6 months of follow-up. Abbreviations: RAMRIS Rheumatoid Arthritis Magnetic Resonance Imaging Score, RAMRIS-5
Rheumatoid Arthritis Magnetic Resonance Imaging Score for five joints of the hand

Table 3 Mean clinical and radiological measures before and after therapy (3- and 6-month follow-up)

DAS CRP RAMRIS RAMRIS-5

Edema Synovitis Erosion RAMRIS Edema Synovitis Erosion RAMRIS-5

t0 4.69 0.96 4.64 16.68 7.96 29.29 1.64 7.46 4.18 13.29

t1 3.46 0.65 3.21 14.88 9.13 23.32 1.13 6.71 4.92 10.93

t2 2.57 0.36 2.43 16.26 9.04 22.79 1.04 7.09 5.09 10.86

Abbreviations: CRP C-reactive protein, DAS disease activity score, RAMRIS Rheumatoid Arthritis Magnetic Resonance Imaging Score, RAMRIS-5 Rheumatoid Arthritis
Magnetic Resonance Imaging Score for five joints of the hand
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spatial resolution at 3 T, bone marrow edema was better
assigned to anatomic structures [17], which might help
to diagnose early RA. Even though some studies declare
low-field imaging to be a good alternative [17], there is
no doubt that detailed high-field MRI offers a better
image quality compared with low-field imaging [17]. In
summary, it can be stated that the anatomically small
changes in early RA are better represented by the better
spatial resolution and the higher contrast in high-field
MRI. If 3-T MRI is available, the higher field strength
should be preferred.
As expected, levels of CRP, DAS-28, RAMRIS, and

RAMRIS-5 initially showed maximum value and
dropped in the 3 months of follow-up under MTX ther-
apy, indicating response to the therapy. Moreover, it
confirms RAMRIS/RAMRIS-5 as good monitoring tools.
Surprisingly, even though CRP and DAS-28 dropped in
the 6 months of follow-up, there was a slight increase in
RAMRIS/RAMRIS-5. Consequently (and consistent to
the results of Schleich et al.), there was no significant
correlation between RAMRIS/RAMRIS-5 and DAS-28
or CRP. Some authors interpret the missing correlation
as a result of MRI superiority in detecting RA-associated
inflammation compared with clinical assessment or sero-
logical parameters [13]. Indeed, it is known that MRI is
very sensitive for the detection of even very small path-
ologies [24]. In fact, Sewerin et al. documented a pro-
gression in erosive bone destruction detected by MRI
and an increase in the RAMRIS during improvement of
DAS-28 or EULAR remission for up to 40% of patients
[27]. The missing correlation between RAMRIS/RAM-
RIS-5 and DAS-28/CRP could demonstrate that there
may be a progression of local synovial destructive reac-
tion that is visible by MRI despite clinical response or
even remission. In other words, the missing correlation
could be a sign of silent progression [18, 28]. It must be
mentioned that the very high sensitivity could lead to
overinterpretation of MRI-detected pathologies. Hence,
several studies could demonstrate high numbers of ero-
sions, even in healthy controls. Boeters et al. recently
demonstrated that MRI-detected erosions have to be
assessed very carefully, as erosion scores of individual
persons with and without RA were largely overlapping,
and even RA-specific erosions were found in both
groups. This underlines the need for re-evaluating the
comparability of the RAMRIS and RAMRIS-5 in
high-field MRI [29].
Our study had several limitations. We had a

homogenous patient cohort but a fairly small patient
number. This is partly a result of the study’s strict re-
quirement to include only patients with early RA who
were investigated three times. Larger patient cohorts are
needed to prove whether RAMRIS-5 is a valid and reli-
able alternative to the time-consuming RAMRIS for all

patients. If it is not, outliers must be identified. It is also
necessary to perform further studies to confirm and in-
vestigate the lack of correlation between RAMRIS/
RAMRIS-5 and CRP/DAS-28 and to show whether a si-
lent progression might be a persuasive explanation.
In summary, this study underlines the former data

showing a very high correlation between RAMRIS and
RAMRIS-5. It was not yet known that RAMRIS-5 is
verified as a good and resource-saving tool for diagnos-
ing and follow-up investigations even in early RA when
using high-field (3-T) MRI. RAMRIS-5 presents itself as
a score that detects similar changes as the original score
with only a slightly higher detection of change in the
synovitis subscore. Despite the limitations that a reduced
score always has, the RAMRIS-5 shows very good results
and is a useful tool in clinical, everyday life because of
its great time efficiency.

Conclusion
RAMRIS-5, the simplified version of the well-established
RAMRIS, is a resource-saving, appropriate alternative
with an accurate detection of change over time, espe-
cially for edema and erosion. It is appropriate not only
for patients with established RA but also for those with
early RA. In regard to its shorter expenditure of time,
there may be a high potential for using RAMRIS-5 in
daily clinical practice to detect and monitor RA.
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Figure Legends

Fig. 1. Picture A - C: Overlay of native T1 image of digitus 2 and 3 with colour-coded map of 

dynamic MRI from blue - low perfusion to red - high perfusion of MCP D2 and D3. Picture A 

demonstrated the perfusion of MCP joints at baseline MRI prior to MTX therapy, picture B 

and C showed the perfusion after 3 and 6 months after MTX therapy. In this example, we 

found higher perfusion after 3 and 6 months compared to baseline MRI for both MCP joints. 

Picture D - F showed a colour-coded dGEMRIC map of MCP D2 from blue - high GAG 

content to red - low GAG content. In correlation with dynamic MRI, dGEMRIC analysis 

demonstrated an increasing GAG loss after 3 and 6 months after MTX therapy (picture E and 

F) compared to baseline MRI (picture D) in this case. Picture H – J illustrated axial fat 

suppressed T1 images after application of contrast agent of MCP joints.  Morphological 

synovitis subscore according to RAMRIS showed moderate synovitis at baseline and after 3 

months MTX therapy of MCP D2 (picture H and I). 6 months after MTX therapy, we found 

high synovitis subscore in MCP D2 (picture J) in this patient. This is in accordance with our 

analysis demonstrating a significant correlation of perfusion and synovitis subscore 6 months 

after the beginning of MTX therapy. 

Fig. 2. Picture A – C: Overlay of native T1 image of digitus 2 and 3 with colour-coded map of 

dynamic MRI from blue - low perfusion to red - high perfusion of MCP D2 and D3. Picture A 

demonstrated the perfusion of MCP joints at baseline MRI prior to MTX therapy, picture B 

and C showed the perfusion after 3 and 6 months after MTX therapy. In this example, we 

found higher perfusion at baseline MRI compared to follow up measurements after 3 and 6 

monaths initiating MTX therapy. Picture D – F showed colour-coded dGEMRIC map of MCP 

D2 from blue - high GAG content to red - low GAG content. In correlation with dynamic 
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MRI, dGEMRIC analysis demonstrated lower dGEMRIC index after 3 and 6 months 

initiating MTX therapy (picture E and F) compared to baseline MRI (picture D) in this case. 

Picture H – J illustrated axial fat suppressed T1 images after application of contrast agent of 

MCP joints.  Morphological synovitis subscore according to RAMRIS showed high synovitis 

of MCP D2-D4 at baseline MRI (picture H). After 3 and 6 months MTX therapy, we found 

lower synovitis subscore in MCP D2 - D4 (picture I and J) in this patient. 

Page 15 of 17

 Rheumatology
The Journal of on May 20, 2019 - Published by www.jrheum.orgDownloaded from 



Page 16 of 17

 
R

heum
atology

T
he Journal of

 on M
ay 20, 2019 - P

ublished by 
w

w
w

.jrheum
.org

D
ow

nloaded from
 



Page 17 of 17

 Rheumatology
The Journal of on May 20, 2019 - Published by www.jrheum.orgDownloaded from 


