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AbstrAct
Introduction Standardised scoring systems for rheumatoid 
arthritis (ra) joint disease activity include larsen score 
for radiographs, rheumatoid arthritis magnetic resonance 
imaging score (raMriS) for Mri and using the european 
league against rheumatisms-Outcome Measures in 
rheumatology (eUlar-OMeract) score for ultrasound 
(US) images. the aim of this prospective study was to 
investigate the relationship between histological synovitis and 
radiological synovitis, assessed by conventional X-ray, US and 
Mri of the wrist radiocarpal joint.
Methods 20 patients with treatment naive early ra (era) 
and 20 with long-standing ra (lra) were enrolled in a 
6-month prospective study. Patients with ra underwent 
US-guided synovial biopsy, X-ray and US of the wrist at 
enrolment and 6 months. Mri at baseline and also at 6 
months for the era group, and scored with the raMriS 
system. X-ray was scored by larsen score and US by the 
eUlar-OMeract system. Synovial biopsy inflammation 
was determined by the Krenn score.
Results in the era group at baseline, Krenn score was 
correlated strongly with both US combined score (r = 
0.77 p < 0.001) and Mri synovitis score (r = 0.85 p < 
0.001), while uncorrelated at 6 months. in the lra group 
at baseline, these scores correlated strongly (r = 0.83, p < 
0.001) to moderately (r = 0.61, p = 0.002), and persisted 
at 6 months for US score (r = 0.81 p < 0.001). For all 
patients with ra, change in Krenn score between baseline 
and 6 months was correlated with both change in US 
combined score (r = 0.65, p < 0.001) and change in Mri 
synovitis score (r = 0.50, p = 0.03).
Conclusion the Mri raMriS synovitis score and eUlar-
OMeract US scoring system are sensitive measures of 
histological synovitis in lra and era. after 6 months, this 
correlation persists in the established ra group, but not 
in the era group. Overall, decreases in Mri/US synovitis 
are associated with reductions in histological synovitis. 

the study validates the use of Mri raMriS and eUlar-
OMeract US scores as surrogate markers of histological 
synovitis in established ra and early untreated ra.

Key messages

What is already known about this subject?
 ► Prospective studies incorporating eUlar-OMeract 
ultrasound (US), Mri raMriS and radiograph larsen 
standardised scores with repeat synovial histolog-
ical analysis in rheumatoid arthritis (ra) have not 
been performed.

What does this study add?
 ► this is the first prospective study evaluating in 
sequential synovial biopsies both the US eUlar-
OMeract and Mri raMriS scoring systems in 
treatment naive early ra and long-standing patients 
with ra and comparing with histological synovitis.

 ► this study demonstrates that the Mri raMriS sy-
novitis score and eUlar-OMeract US scoring sys-
tem are sensitive measures of histological synovitis 
in established ra and early untreated ra. Overall, 
change in histological synovitis over a 6-month 
period is correlated to both change in US eUlar-
OMeract score and the Mri raMriS scores.

How might this impact on clinical practice?
 ► these findings validate the use of Mri raMriS and 
eUlar-OMeract US scores as surrogate markers 
of histological synovitis in established ra and early 
untreated ra.
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InTRoduCTIon
The study of synovial biopsies from patients with rheu-
matoid arthritis (RA) has led to breakthroughs in disease 
understanding and the development of new targeted 
therapies. Current studies are investigating whether 
synovial tissue analysis can be used as an instrument for 
personalised medicine in RA for diagnosis, prognosis 
and treatment stratification.1 2 The development of ultra-
sound-guided synovial biopsy (USGSB) as a minimally 
invasive, safe and well-tolerated technique for retrieving 
synovial tissue has accelerated research in synovial histo-
pathology.3–5 RA synovial pathology is heterogeneous, 
with some patients exhibiting high levels of inflammation 
with infiltrating lymphoid follicles while others have a 
more diffuse inflammatory alterations, and some almost 
without inflammation.6 This has led to recent studies 
proposing at least three different synovial subtypes 
(pathotypes) of RA, with different histology and gene 
expression.2 7 The association between baseline synovial 
pathotype and the joint imaging changes over time is 
currently unknown.

The development of standardised scoring systems 
for quantifying inflammatory and/or joint damage in 
RA by different imagining techniques has been rapidly 
evolving progressing from scoring systems for severity of 
erosive damage on conventional X-ray (eg, Larsen score) 
to more recent developments including the RAMRIS 
system to score MRI, and the EULAR-OMERACT system 
for ultrasound (US).8–11 US imaging has been found to 
have predictive value in relation to detecting subclin-
ical disease, progression of structural damage and early 
detection of disease flare.12 13 The use of both grey scale 
(GS) and Doppler US modes have been standardised 
by the EULAR-OMERACT US group and a scoring 
system for RA disease activity for each joint has been 
developed.8

MRI has been shown to be able to predict disease 
progression in RA, and a system for scoring joint disease 
activity, RAMRIS, has been developed.9 A recent review 
on the association between MRI changes in arthritis and 
synovial pathobiology concluded that there was very 
limited data on this field and that prospective studies on 
well-characterised patients at defined stages of disease 
were needed.14

Importantly, prospective studies integrating all 
three imaging modalities and incorporating EULAR-
OMERACT US, MRI RAMRIS and Larsen standardised 
scores with synovial histological analysis in RA have not 
been performed but are critical to not only elucidate 
the relationship between different imaging outcomes 
but also the relationship to histological synovitis. There-
fore, the aim of this study is to investigate the relation-
ship between histological synovitis and standardised US, 
MRI and radiographic measures of disease activity and 
damage.

MeTHods
study design
The data presented in this manuscript originate from 
a prospective longitudinal study (three visits: baseline, 
3-month visit and 6-month visit) that was conducted 
at Odense University Hospital (OUH), Denmark. ( 
ClinicalTrials. gov: NCT02652299). All patients were 
recruited following written informed consent and the 
study was reviewed by the regional ethics review board 
(S-20140062) and the danish data protection agency 
(2008-58-0035).

Patients
Adult patients with RA were enrolled from Department 
of Rheumatology, OUH, and adult controls from Depart-
ment of Orthopaedics, OUH. A total of 43 patients with 
RA were assessed for eligibility for the study of which 
three were excluded (two had calcium pyrophosphate 
deposition disease and one polymyalgia rheumatica). 
All patients with RA fulfilled ACR/EULAR 2010 classi-
fication criteria and had at least one swollen wrist. The 
group of patients with early RA (ERA group) (n=20) was 
newly diagnosed (<6 months) and treatment naive, and 
the long-standing RA (LRA group) had disease dura-
tion over 5 years. Treatment during the study period was 
according to Danish Rheumatological Association and 
EULAR RA treatment recommendations.15 Patients with 
high disease activity were offered intramuscular (IM) 
corticosteroid injection after the USGSB procedure (2 
mL Depo-Medrol 40 mg/mL), no intra-articular (IA) 
injections were given as part of the biopsy procedures. In 
the LRA group, therapy was stable within 4 weeks prior to 
the 6 months of biopsy, with no IA/IM steroid, stable oral 
steroid dose and disease-modifying anti rheumatic drug 
(DMARD) was unchanged.

Patients in the control group were undergoing routine 
wrist arthroscopy at the Department of Orthopaedic 
Surgery, OUH, and had no history of inflammatory joint 
disease and no signs of inflammatory arthritis at clin-
ical examination or on blood parameters. A total of 18 
patients were assessed for eligibility for the study, and 
two were excluded as no synovial biopsy were retrieved 
during arthroscopy. The patients in the control group 
had minor orthopaedic diseases as ganglion cysts or mild 
osteoarthrosis.

Patient demographics including age, gender, diag-
nosis, disease duration, smoking status, joint biopsied, 
rheumatological medication (conventional synthetic 
DMARDs (csDMARD), biological DMARDs (bDMARDs) 
and corticosteroid), disease activity score in 28 joints 
with C-reactive protein (DAS28CRP) and use of IM or 
IA corticosteroid following biopsy were collected at base-
line, 3 months and 6 months. Blood CRP was measured 
at all visits. Rheumatoid factor (RF) and anti-citrullinated 
proteins antibodies (ACPAs) were measured at baseline 
and at 6 months.
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Figure 1 Synovial biopsy procedure, histopathology, 
imaging and baseline characteristics. (A) The ultrasound-
guided synovial biopsy procedure. (B) and (C) Visual 
comparison of imaging and synovial inflammation in a 
patient with RA where all imagning and biopsy procedure 
were done within 2 hours. Synovial biopsy staining showing 
typical lymphoid pathotype with lymphoid aggregates and 
positive staining for CD20, CD138 and CD3. Hand X-ray, 
Doppler US of the radiocarpal and intercarpal joints of the 
wrist and contrast-enhanced MRI of the wrist (one coronal 
and one sagittal view). (D) Baseline characteristics. ACPA, 
anti-citrullinated proteins antibody; ANOVA, analysis of 
variance; ERA, early rheumatoid arthritis; LRA, long-standing 
rheumatoid arthritis.

synovial biopsies
At baseline and 6-month visits, synovial biopsies were 
obtained by USGSB in a clean procedure room, as illus-
trated in figure 1A and previously described.3 All biopsies 
were taken from the same wrist at baseline and 6 months. 
Briefly, local anaesthetic was injected into the soft tissue 
up to the joint capsule and into the joint space and a 
Quick-Core biopsy needle (16-gauge; Cook Medical) was 
then guided by US and placed within the joint capsule 
to retrieve synovium. The biopsies were taken over the 
scaphoid and lunate junction in the radiocarpal joint 
(RCJ) of the wrist (figure 1A).

Control group synovial biopsies from the wrist were 
collected by traditional arthroscopy in an operating 

theatre, as previously described.16 Briefly, patients under-
went general anaesthesia and up to 5 kg of traction 
across the wrist. Two standard arthroscopic portals were 
inserted into the RCJ, one for arthroscopic visualisa-
tion and the other for instrumentation. Synovial biop-
sies were obtained under direct visual inspection, using 
a Quick-Core biopsy needle (16-gauge; Cook Medical). 
A minimum of six synovial biopsies were retrieved per 
USGSB or arthroscopic procedure.

Half of the obtained biopsies were paraffin embedded 
and stained with haematoxylin and eosin, CD3 (T cells), 
CD20 (B cells), CD68 (macrophages) and CD138 (plasma 
cells) (figure 1B), as previously described.17 Only samples 
with intact lining layer were used for grading of tissue 
inflammation. Synovial tissue inflammation was quanti-
fied by application of the previously validated synovitis 
(Krenn) score (0–9), semiquantative scores (0–4) for 
CD3, CD20, CD68 and CD138 and by determining the 
dominant pathotype of the biopsies as either lymphoid 
(L), myeloid (M) or fibroid (F).6 18–20 The Krenn score 
was calculated as an average of three different biopsies in 
each patient, by scorer (SAJ) blinded for patient ID and 
patient group. Before and after scoring, agreement with 
a second observer (HDS) regarding score and sufficient 
quality of biopsies in selected samples was reached. Syno-
vial pathotypes were described as fibroid defined as CD68 
located in the sublining layer and CD3-CD20-CD138≤1; 
myeloid CD68 ≥2 and CD20 <2/CD138<2, and lymphoid 
CD20 ≥2 or CD138≥2.

Imaging
Synovial biopsies where obtained in the RCJ of the wrist 
over the scaphoid lunate junction (figure 1A). We there-
fore compared synovial tissue inflammation with US 
EULAR-OMERACT score of the RCJ intercarpal joint 
and the MRI RAMRIS RCJ score (figure 1C). For an 
overview of the Larsen, RAMRIS and EULAR-OMERACT 
scoring systems for the wrist, please see online supple-
mentary figure S1.

Radiographic scoring
X-ray of hands and feet, measured at baseline and 6 
months, were evaluated by the Larsen score system in 
time sequential order (wrist divided into four quadrants, 
with score from 0 to 5 in each) (online supplementary 
material figure S1).11 X-ray was evaluated in time sequen-
tial order by consultant in Radiology (TT) blinded for 
clinical data, US results and biopsy disease activity.

MRI
MRI of the hand and wrist on the side of the USGSB 
procedure was performed immediately prior (maximum 
2 hours) to synovial biopsy, at inclusion and at 6 months 
for the ERA group and at inclusion for the LRA group 
and orthopaedic controls. Synovitis erosions and bone 
marrow oedema in the RCJ and distal radioulnar (RU) 
joint were scored in sequential order according to the 
RAMRIS system by a consultant in radiology (TT), blinded 

https://dx.doi.org/10.1136/rmdopen-2019-000951
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for clinical, US and histological data. MRI was performed 
with coronal short tau inversion recovery (STIR) and 
T1 water selective scan (WATS) and T1 WATS coronal 
and axial after gadolinium on a Philips Panorama 1T or 
Philips Ingenia 3T scanner using gadolinium contrast, in 
accordance with department guidelines for the patients 
with RA.

us imaging
Doppler US scanning of the hand and wrist was 
performed on the same side as the USGSB procedure by 
a rheumatologist (SAJ) experienced in musculoskeletal 
US, at baseline, 3 months and 6 months, immediately 
prior to USGSB. Using a General Electrics (GE) Logiq 
9 US machine with a 4–15 MHz linear transducer (ML6-
15, GE). Colour Doppler (CD), and not power Doppler 
(PD), was used as per EULAR-OMERACT scoring system 
guidelines when working with machines where CD is 
more sensitive than PD.12 21 The CD signal gain was set 
to a sensitivity just below the disappearance of colour 
noise. The evaluation for synovitis of the wrist was done 
following the EULAR-OMERACT US positions of the 
probe and scores for synovial hypertrophy (SH) (0–3) 
and blood flow in the synovium by CD (scoring from 0 
to 3) was collected and finally a combined score (0–3) 
generated.8 The two scanning positions of the wrist were 
the longitudinal RU and the longitudinal RCJ intercarpal 
views.22 US scan images from 15 patients were also eval-
uated blindly by another US expert (HLI) reaching a 
kappa value of 0.83, when comparing to scores by SAJ.

statistics
Cohen’s kappa statistic was used to assess the inter-rater 
agreement on evaluation of wrist US scans. Categorical 
variables were presented as numbers and percentages, and 
continuous variables as means with SD. To compare base-
line characteristics, categorical variables between patient 
groups were analysed using χ2 test, and numerical variables 
between patient groups were analysed using two-sample 
t-tests, and analysis of variance, when appropriate. Tests 
for trends of values across the visits of the study (eg, CRP) 
were performed by linear regression with cluster robust 
standard errors. Comparisons over time of treatment, 
disease activity, wrist imaging data and synovial biopsy data 
among all patients with RA were performed using multino-
mial logistic regression with cluster robust standard errors 
for categorical variables, and linear regression with cluster 
robust standard errors for numerical variables.23 Pairwise 
correlations between synovial biopsy inflammation and 
disease activity registered using US or MRI scans were 
performed using unadjusted linear regression with cluster 
robust standard errors. Robust standard errors were used 
in the regression analyses to account for minor deviations 
from the model assumptions, and cluster robust standard 
errors were used to further account for repeated measure-
ments in patients. Comparing numbers of IM and IA corti-
costeroid injections between the two RA groups during the 
study was done with Poisson regression with cluster robust 

standard errors. P values <0.05 were taken as statistically 
significant. Data were analysed on Stata V.15 (StataCorp, 
TX, USA).

Results
Patients
Data from a total of 96 synovial biopsy procedures 
were included from 56 patients (20 ERA, 20 LRA and 
16 controls). Baseline characteristics are presented in 
figure 1D. When comparing the ERA, LRA and control 
group significant differences in age, CRP level and RF 
and/or ACPA positivity (all p<0.01, all estimates lowest 
in the control group) were demonstrated. The ERA had 
significantly higher disease activity and CRP level (both 
p<0.01) compared with the LRA group while there was 
higher prevalence of erosive disease in the LRA group 
(p=0.02). All patients in the ERA group were treatment 
naive and two in the LRA group had declined active 
therapy.

Treatments with csDMARD, bDMARDs and corticoste-
roid during the study period are presented in detail in 
online supplementary material table S2. Of the patients 
with ERA, 70% were taking methotrexate monotherapy at 
6 months and 15% a combination of or other csDMARDS, 
10% had stopped treatment due to personal preference 
and 5% declined any treatment during the study. Of 
the patients with LRA, five patients were treated with a 
bDMARD by 6 months and three commenced treatment 
during the course of the study. At 6 months, both groups 
had one patient taking oral corticosteroid treatment.

Immediately after the first synovial biopsy, 85% 
(17/20) versus 45% (9/20) in the ERA and LRA groups, 
respectively, accepted IM corticosteroid. There was no 
difference in the number of patients receiving oral or 
parenteral (IM or IA) steroid during the study between 
the ERA and LRA groups (online supplementary table 
S1).

Change in disease activity, imaging scores and 
histopathological assessments between baseline and 6 
months
We next evaluated changes in disease activity, X-ray, MRI 
and US scores and histopathological assessments during 
the course of the study in the ERA and LRA groups. We 
demonstrated a significant reduction in DAS28CRP in 
both groups (p<0.001) although CRP was only signifi-
cantly reduced in the ERA group (p=0.01) (table 1). We 
found no significant progression in Larsen score of the 
wrist on X-ray during the study period in neither group 
(table 1).

In both the ERA and LRA groups, there was a signif-
icant reduction in the US Doppler score (both with 
a mean reduction of 0.7, respectively (p=0.001 and 
p=0.02)) during the study period, while the decrease in 
the total score was not significant (p=0.07 and p=0.17).

When evaluating wrist RCJ RAMRIS scores at baseline, 
we demonstrated a significantly higher level of synovitis 
and bone erosions, but not bone oedema (p=0.03, p<0.01 

https://dx.doi.org/10.1136/rmdopen-2019-000951
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Table 1 Disease activity, imaging and histopathology baseline and 6 months

ERA group Control group*

Visit
Baseline

Visit
3 months

Visit
6 months P value† Baseline P value‡

N   20   19   20 16   

DAS28CRP, mean (SD)   5.2 (1.0)   2.9 (1.2)   2.7 (1.1) <0.001     

CRP, mean (SD) 20.4 (19.8) 12.0 (13.7) 8.7 (12.8) 0.01 1.8 (2.3) <0.001

Wrist Larsen score, mean (SD) 0.3 (0.7)   0.3 (0.8) 0.91 0.0 (0.0) 0.09

US EULAR-OMERACT score       

Radiocarpal intercarpal joints 
combined score (0–3)

2.1 (0.8) 1.9 (0.7) 1.6 (0.6) 0.07     

  SH score (0–3) 1.9 (0.8) 1.9 (0.7) 1.6 (0.6) 0.17     

  CD score (0–3) 1.7 (1.0) 1.2 (0.9) 1.0 (0.7) 0.001     

MRI RAMRIS score

Radiocarpal joint

  Synovitis (0–3)§ 1.1 (0.9)   0.8 (0.5) 0.02 0.3 (0.5) 0.003

  Bone erosions (0–10) 0.2 (0.4)   0.1 (0.4) 1.00 0.0 (0.0) 0.08

  Bone oedema (0–3) 0.1 (0.3)   0.1 (0.2) 0.31 0.00 (0.00) 0.16

Synovial biopsy
Krenn score

            

  Lining cell layer, mean (SD) 2.1 (0.8)   1.8 (0.7) 0.19 1.6 (0.9) 0.09

  Stromal activation, mean (SD) 2.1 (0.6)   1.6 (0.6) 0.02 1.4 (0.6) 0.002

  Infiltrates, mean (SD) 1.9 (0.7)   1.6 (0.8) 0.27 1.3 (0.6) 0.02

  Total score, mean (SD) 6.0 (1.5)   5.0 (1.5) 0.01 4.2 (1.7) 0.002

Specific markers             

  CD20, mean (SD) 1.2 (1.1)   0.8 (09) 0.06 0.3 (0.5) 0.001

  CD3, mean (SD) 2.0 (1.2)   1.9 (0.9) 0.70 0.7 (0.7) <0.001

  CD68, mean (SD) 2.8 (0.9)   2.4 (0.8) 0.19 1.6 (0.8) <0.001

  CD138, mean (SD) 1.3 (1.2)   1.1 (0.9) 0.45 0.3 (0.6) 0.002

LRA group     

DAS28CRP, mean (SD)   4.3 (0.6) 3.2 (1.0)   2.6 (1.1) <0.001     

CRP, mean (SD) 15.6 (18.9) 10.3 (11.4) 10.3 (16.3) 0.08 1.8 (2.2) 0.002

Wrist Larsen score, mean (SD) 3.7 (5.5)   3.7 (5.6) 0.49 0.0 (0.0) 0.006

US EULAR-OMERACT score           

Radiocarpal intercarpal joints 
combined score (0–3)

2.3 (0.8) 2.1 (0.9) 1.9 (0.8) 0.17     

  SH (0–3) 2.1 (0.8) 2.0 (0.9) 1.9 (0.8) 0.24     

  CD (0–3) 2.0 (1.0) 1.6 (1.0) 1.3 (1.1) 0.02     

MRI RAMRIS score

Radiocarpal joint

  Synovitis (0–3) 2.0 (1.2)       0.3 (0.5) <0.001

  Bone erosions (0–10) 1.2 (1.3)       0.0 (0.0) <0.001

  Bone oedema (0–3) 0.3 (0.7)       0.0 (0.0) 0.08

Synovial biopsy
Krenn score

            

  Lining cell layer, mean (SD) 2.3 (0.8)   2.1 (0.8) 0.24 1.6 (0.9) 0.01

  Stromal activation, mean (SD) 2.2 (0.8)   1.9 (0.7) 0.27 1.4 (0.6) 0.003

  Infiltrates, mean (SD) 2.2 (0.7)   2.2 (0.5) 0.77 1.3 (0.6) <0.001

Continued
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ERA group Control group*

Visit
Baseline

Visit
3 months

Visit
6 months P value† Baseline P value‡

  Total score, mean (SD) 6.8 (1.9)   6.1 (1.6) 0.17 4.2 (1.7) <0.001

Specific markers             

  CD20, mean (SD) 1.8 (1.5)   1.5 (1.2) 0.40 0.3 (0.5) <0.001

  CD3, mean (SD) 2.5 (1.2)   2.2 (1.0) 0.48 0.8 (0.7) <0.001

  CD68, mean (SD) 3.0 (0.7)   2.8 (0.8) 0.39 1.6 (0.8) <0.001

  CD138, mean (SD) 2.1 (1.2)   2.0 (1.3) 0.74 0.3 (0.6) <0.001

Significant p values in bold.
*Six patients in control group had MRI without contrast.
†Test for trend.
‡P value. The same control group values versus, respectively, ERA and LRA baseline.
§One in ERA group, no MRI due to claustrophobia.
CD, colour Doppler; CRP, C-reactive protein; DAS28CRP, disease activity score in 28 joints with CRP level included; ERA, early rheumatoid 
arthritis; LRA, long-standing rheumatoid arthritis; SH, synovial hypertrophy.

Table 1 Continued

and p=0.3) in the LRA compared with the ERA group 
at baseline (table 1). In the ERA group, in which paired 
baseline and 6 months MRI scans were performed, we 
found a significant decline in synovitis (p=0.02), but not 
in bone erosions or bone oedema (table 1).

Next, we evaluated the baseline histopathological scores 
of the synovial biopsies in the ERA, LRA and control 
groups. We demonstrated a significantly lower level of 
synovitis (mean Krenn total score ERA: 6.00, LRA: 6.75 
vs control 4.19) and infiltration by CD20, CD3, CD68 and 
CD138-positive cells in the control versus ERA and LRA 
groups (p<0.001, table 1) but no difference between ERA 
and LRA groups (data not shown).

In the ERA and LRA groups, in which sequential syno-
vial biopsies were available, we demonstrated a significant 
reduction in the synovitis score in the ERA (p=0.01), but 
not the LRA group (p=0.17) at 6 months (table 1). There 
was no reduction in specific marker scores in neither the 
ERA nor LRA group over the study period (table 1).

Pairwise correlations between disease activity, synovial 
inflammation, us euLAR-oMeRACT and MRI RAMRIs scores: 
baseline and 6-month visits
To explore the relationship between disease activity, 
histological synovitis and radiological scores further, we 
calculated pairwise correlations between these scores for 
both the ERA and LRA groups at baseline and 6-month 
visits (table 2). In the baseline ERA and LRA groups, the 
Krenn score correlated with both the EULAR-OMERACT 
US combined score (r=0.77 p<0.001 and r=0.83 p<0.001) 
and with the RAMRIS MRI synovitis score (r=0.85 p<0.001 
and r=0.61, p=0.002) (table 3). At 6 months in the ERA 
group, significant correlations were not seen while in the 
LRA group, in which only US data were available, signif-
icant correlations persisted (r=0.81 p<0.001) (table 2). 
Due to the non-significant correlations between imag-
ining measures and Krenn score in the ERA group 
at 6-month data, detailed analyses of the correlations 

between the Krenn score components (inflammatory 
infiltrates, lining cell layer and synovial stroma) and imag-
ining data were performed, see Supplementary material 
table S5. The results show that in the ERA 6-month data, 
synovial stroma score is correlated to EULAR-OMERACT 
US combined score (r=0.54,p<0.01). Further in the ERA 
6-month group inflammatory infiltrates is correlated to 
MRI bone oedema (r=0.46, p<0.01).

Larsen score was not correlated with Krenn score at any 
point in any group
In the ERA and LRA groups, at baseline, the RAMRIS 
MRI synovitis score was correlated to EULAR-OMERACT 
US combined score (table 2, r=0.73, p<0.001 and r=0.72, 
p=0.002). In the ERA group, in which paired US and 
MRI data were available at 6 months, a weak correlation 
between combined US score and MRI erosions and bone 
marrow oedema (table 2, r=0.40 and r=0.32, both p<0.05) 
was observed while US Doppler also correlated to MRI 
synovitis (table 2, r=0.41 p=0.02).

Next, we evaluated whether the relationship between 
histological synovitis and MRI and US scores persisted if 
all patients at all visits were combined. Therefore, we first 
combined data for all visits and all patients (table 3), and 
second segregated patients into ERA and LRA groups 
combining baseline and 6-month visits (figure 2).

We initially compared imaging scores and histolog-
ical synovitis scores. We found a significant and strong 
correlation between histological synovitis scores and 
RCJ EULAR-OMERACT US combined score (r=0.72, 
table 3), a relationship that persisted if the ERA and LRA 
groups were considered separately (ERA group, r=0.57 
(figure 2D) and LRA, r=0.82 (figure 2G)); all p<0.001). 
In addition, when comparing the EULAR-OMERACT US 
CD and SH scores in all patients, we demonstrated signif-
icant correlations with the synovitis score (CD r=0.63 and 
GS r=0.71; p<0.01), a relationship that again persisted 
if the ERA and LRA groups were considered separately 

https://dx.doi.org/10.1136/rmdopen-2019-000951
https://dx.doi.org/10.1136/rmdopen-2019-000951
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Table 3 Pairwise correlation between DAS28CRP, Krenn score, EULAR-OMERACT US combined score and RAMRIS MRI 
synovitis score of the RCJ of the wrist

All patients and all visits Krenn score
Larsen X-ray 
score*

EULAR-OMERACT US 
combined score

RAMRIS MRI 
synovitis score

DAS28CRP r=0.31 p=0.002 r=−0.02 p=0.77 r=0.27
p=0.01

r=0.26
p=0.01

Krenn score – r=0.35
p=0.03

r=0.72
p<0.001

r=0.66
p<0.001

Larsen X-ray score*   – r=0.35
p=0.02

r=0.53
p<0.001

EULAR-OMERACT US combined 
score

    – r=0.61
p<0.001

Significant correlations in bold. Comparison by unadjusted linear regression with clusterrobust standard errors.
*Total Larsen wrist score (all quadrants)
DAS28CRP, disease activity score in 28 joints with CRP level included; RCJ, radiocarpel joint; US, ultrasound.

Figure 2 RCJ of the wrist pairwise comparisons of synovial 
biopsy inflammation, US EULAR-OMERACT combined 
score and MRI RAMRIS synovitis score in all patients with 
RA, and in patients with ERA and LRA separately. Legend: 
Comparison between inflammation in synovial biopsies using 
the Krenn score, combined US EULAR-OMERACT score 
and the MRI RAMRIS synovitis score in the RCJ of the wrist 
of all patients with RA (A,B,C), and hereafter divided into 
ERA (D,E,F) and LRA (G,H,I) patient groups. Comparison by 
unadjusted linear regression with robust cluster estimation. 
ERA, early RA, LRA, long-standing RA; RA, rheumatoid 
arthritis; RCJ, radiocarpal joint.

(ERA: CD r=0.53 and SH r=0.6; LRA: CD r=0.69 and SH 
r=0.78; all p<0.01).

When comparing the MRI RCJ RAMRIS synovitis score 
for all patients, we found a moderate correlation with 
Krenn score (r=0.66, figure 2B), which was also seen if 
the ERA and LRA groups were considered separately 
(r=0.61 and LRA r=0.60 (figure 2E, H), p<0.01). We 
found no correlation between RCJ MRI RAMRIS bone 
marrow oedema score and histological synovitis (overall 
r=0.18, p=0.26, ERA r=0.08, p=0.41, LRA r=0.13, p=0.39). 
RCJ RAMRIS erosion score was weakly correlated to 

histological synovitis score (r=0.30, p=0.03). In the ortho-
paedic control group, Krenn score was not correlated 
to MRI RAMRIS synovitis score (r=0.40, p=0.20), and 
neither was MRI oedema or erosion scores (data not 
shown).

Finally, we demonstrated a significant correlation 
between EULAR-OMERACT US score and MRI RAMRIS 
synovitis score (r=0.61, p<0.001; figure 2C) which was 
also seen if the ERA and LRA groups were considered 
separately (r=0.61 and r=0.68; both p<0.001, figure 2F, 
I). Synovitis on MRI correlated moderately to strongly 
to US score components SH and CD (overall: CD r=0.70 
and SH r=0.64, ERA: CD r=0.63 and SH r=0.67, LRA: CD: 
r=0.74 and SH: r=0.58; all p<0.01).

Overall, our results suggest that both US and MRI syno-
vitis are robust measures of histologic synovitis and that 
both MRI and US are strongly correlated with Krenn 
score.

Pairwise correlations between differences in clinical, imaging 
and histological scores between baseline and 6 months
To determine whether significant correlations existed 
between changes in clinical, imaging and histological 
scores between baseline and 6 months, we calculated pair-
wise correlations between the delta changes (6-month 
baseline) for each score (table 4).

Change in DAS28CRP was weakly correlated with 
change in RCJ combined EULAR-OMERACT US (r=0.38, 
p=0.02) and moderately with change in RAMRIS MRI 
synovitis score (r=0.52, p=0.02), but not with change in 
Krenn score (r=0.25, p=0.12) nor Larsen score (r=0.18, 
p=0.29) (table 4).

Change in Krenn score was moderately correlated 
with change in combined EULAR-OMERACT US score 
(r=0.65, p<0.001) and with change in RAMRIS MRI 
synovitis score (r=0.50, p=0.03) (table 4). No signif-
icant correlation was found between delta RAMRIS 
bone marrow oedema or erosion scores and histological 
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Table 4 Pairwise correlation between change in DAS28CRP, Krenn score, EULAR-OMERACT US combined score and 
RAMRIS MRI synovitis score of the RCJ of the wrist during the study

All patients with 
RA
All visits ΔKrenn score

ΔLarsen 
score*

ΔEO US 
combined

ΔEO US 
Doppler

ΔEO US 
GS

ΔMRI 
synovitis†

ΔMRI 
erosions

ΔMRI BM 
oedema

ΔDAS28CRP r=0.25
p=0.12

r=0.18
p=0.29

r=0.38
p=0.02

r=0.45
p=0.004

r=0.35
p=0.02

r=0.52
p=0.02

r=−0.12
p=0.61

r=0.34
p=0.16

ΔKrenn score – r=0.01
p=0.95

r=0.65
p<0.001

r=0.51
p<0.001

r=0.63
p<0.001

r=0.50
p=0.03

r=−0.20
p=0.39

r=0.14
p=0.55

ΔLarsen score* – r=0.06
p=0.71

r=−0.04
p=0.81

r=0.05
p=0.77

r=0.14
p=0.58

r=0.06
p=0.82

r=0.06
p=0.81

ΔEO US 
combined

– r=0.66
p<0.001

r=0.96
p<0.001

r=0.59
p<0.001

r=−0.52
p=0.02

r=−0.11
p=0.67

ΔEO US Doppler – r=0.62
p<0.001

r=0.61
p=0.005

r=−0.38
p=0.09

r=0.07
p=0.76

ΔEO US GS – r=0.67
p=0.001

r=−0.53
p=0.02

r=−0.08
p=0.74

ΔMRI synovitis† – r=−0.27
p=0.24

r=−0.15
p=0.54

ΔMRI erosions – r=0.00
p=1.00

ΔChange between 6-month visit and baseline visit data.
Comparison by unadjusted linear regression.
*Total Larsen wrist score (all quadrants).
†Only the ERA group underwent two MRI scans. Significant correlations in bold.
BM, bone marrow; EO, EULAR-OMERACT;ERA, early rheumatoid arthritis; GS, grey scale; RCJ, radiocarpal joint; US, ultrasound.

synovitis (table 4). Change in wrist Larsen score was not 
correlated to any of the disease activity measures.

The wrists radioulnar joint
As all analyses so far have been performed on the RCJ 
(location of synovial tissue sampling) to determine 
whether a similar relationship existed in another location 
within the wrist joint, we also evaluated the relationship 
between US and MRI scores in the radioulnar (RU) joint 
of the wrist. Between baseline and 6 months, we demon-
strated a significant reduction in EULAR-OMERACT US 
combined score and MRI RAMRIS synovitis score in the 
ERA group (p=0.006 and p=0.02, respectively, Supple-
mentary Table S2). In the LRA group, in which only 
US data were available at 6 months, we found no signif-
icant reduction in the EULAR-OMERACT US combined 
score (Supplementary Table S2). For all patients and 
all visits, we found a moderate correlation between the 
combined EULAR-OMERACT US score and distal ulna 
MRI RAMRIS synovitis score of overall r=0.58 (p<0.001), 
ERA r=0.26 (p=0.09) and LRA r=0.85 (p<0.001).

synovial pathotypes, disease activity and imaging scores
Finally, we evaluated the relationship between synovial 
pathotypes and clinical disease activity and radiolog-
ical scores, respectively. We found a significantly higher 
number of fibroid (F) (9 vs 3 and 2) and lower number 
of lymphoid (L) pathotype (1 vs 10 and 13) within the 
control versus ERA and LRA groups. No significant 
difference in pathotype distribution between ERA and 

LRA groups were found at baseline (p=0.15). In total, 
42.5% (17/40) patients changed pathotype during the 
study period (online supplementary table S3).

When evaluating clinical disease activity measures, we 
found a significant difference in level of CRP at base-
line and 6 months, with the lowest level in the fibroid 
group, which was not found in controls (table 5, Baseline: 
p=0.02, 6 months: p=0.01, and control group: p=0.39). 
We found no differences in CRP between lymphoid and 
myeloid (M) pathotypes at baseline or 6 months (p=0.58 
and p=0.52, respectively). At baseline, there was signifi-
cant differences in Larsen score between the fibroid and 
lymphoid, but not between the myeloid and lymphoid 
pathotypes (table 5, overall: p=0.02, L vs M p=0.42 and L 
vs F p=0.01). No differences in CRP were found between 
the lymphoid and myeloid pathotypes at baseline or at 6 
months (p=0.43 and p=0.52, respectively).

At baseline, the lymphoid pathotype had significantly 
higher EULAR-OMERACT combined score and MRI 
RAMRIS synovitis score, compared with other pathotypes 
(table 5, overall; both p<0.01, US: L vs M p=0.02 and L vs 
F p<0.001, MRI: L vs M p=0.007 and L vs F p<0.001). This 
pattern persisted at 6 months for MRI synovitis (L vs M, 
p=0.03), but not for US score (table 5, overall: p=0.03 and 
p=0.08, respectively, L vs M p=0.14). Overall, no differ-
ences were found, in MRI erosions or bone oedema of 
the RCJ between pathotypes, at baseline or 6 months. In 
subgroup analyses comparing the lymphoid to the fibroid 
pathotype at baseline, the lymphoid pathotype had more 

https://dx.doi.org/10.1136/rmdopen-2019-000951
https://dx.doi.org/10.1136/rmdopen-2019-000951
https://dx.doi.org/10.1136/rmdopen-2019-000951
https://dx.doi.org/10.1136/rmdopen-2019-000951
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MRI erosions and MRI bone marrow oedema than the 
fibroid pathotype (p=0.04 and p=0.03).

The Krenn score was significantly higher in the 
lymphoid group at baseline (L vs M and L vs F both 
p<0.05), while at 6 months it was significantly higher in 
the myeloid but not fibroid pathotype (L vs M p=0.02 L 
vs F p=0.57).

Finally, we analysed whether baseline pathotype was 
associated with significant differences in change in clin-
ical disease activity, histological synovitis and US and MRI 
scores between baseline and 6 months (online supple-
mentary table S3). We found no significant differences in 
CRP, DAS28CRP, Larsen, MRI, US or Krenn score change 
during the study period between the three pathotypes.

Overall, our results suggest that a lymphoid pathotype 
is associated with higher levels of synovial inflammation, 
US and MRI synovitis.

dIsCussIon
We herein present a prospective study evaluating the 
relationship between histopathology and MRI, US and 
radiographic scores in two cohorts of well-characterised 
patients with early therapy naive and established RA both 
at baseline and at 6-month follow-up. Our results demon-
strate a number of important findings. First, histological 
synovitis is strongly correlated with both US EULAR-
OMERACT score and the MRI RAMRIS score at baseline. 
Second, there is a strong correlation between EULAR-
OMERACT US score and MRI RAMRIS score. Third, 
change in histological synovitis over a 6-month period 
is correlated to both change in US EULAR-OMERACT 
score and the MRI RAMRIS scores. Finally, we demon-
strate that a lymphoid synovial pathotypes is significantly 
associated with high levels of synovial inflammation, MRI 
and US synovitis.

To our knowledge, this is the first prospective study 
evaluating, in sequential synovial biopsies, both the US 
EULAR-OMERACT and MRI RAMRIS scoring systems in 
patients with ERA and LRA and comparing with histolog-
ical synovitis. The safety and tolerability of the minimal 
invasive USGSB procedures has made it possible to study 
this relationship.5

There is an increasing use of US in the routine care 
of patients with RA and US and MRI as research tools 
in assessing disease activity. Therefore, the validation of 
scores such as the EULAR-OMERACT US synovitis score 
and MRI RAMRIS score against histological synovitis (an 
objective measure) is essential to reduce inter-reader 
and intrareader variability, thereby improving early 
disease detection and disease monitoring.24 25 Previous 
studies on US and synovial histological changes support 
our findings, although these studies are limited by the 
lack of incorporation of the standardised US EULAR-
OMERACT system and/or incorporation of repeat 
synovial biopsies.26–29 Similar observations have also 
been reported in previous cohorts evaluating MRI and 
histological synovitis although limitations in terms of 

prospective study design, MRI standardisation, including 
application of MRI RAMRIS score, direct comparison 
with biopsied joint, wide interval between biopsy and 
MRI and variations in patient disease activity, duration 
and concomitant therapy have made interpretation of 
data challenging.14 30 Importantly, we demonstrate that 
not only do the OMERACT and RAMRIS scores correlate 
strongly with histological synovitis but in addition show 
that the two scoring systems correlate with each other. 
However, it is remarkable to note that in the ERA group 
at 6 months the correlation between histological syno-
vitis, MRI and US synovitis was lost. This observation 
could be a putative result of variations in response of 
histological and radiological measures of synovitis in 
early versus established RA. According to this, exploiting 
the ‘window of opportunity’ through intensive treat-
ment initiation in some patients with ERA could result 
in a faster decrease in synovial vascularisation and hyper-
trophy found on MRI and US imagining scores than 
normalisation of histopathological changes measured in 
the Krenn score. In our analysis of the subcomponents of 
the Krenn score (online supplementry table S5, online 
supplementary material), we show that US Doppler data 
are not correlated to any of the Krenn components in 
ERA visit 6-month data, which is not seen in any other 
group. The Krenn score does not include immunohis-
tochemistry markers (eg, CD31), which could be used 
for a more precise assessment of synovial neovascularisa-
tion which could be of a central role in the ERA groups 
synovitis score.20 Further studies of this relationship 
in patients with ERA with longer observation periods 
are needed to evaluate why some patients with marked 
disease activity reduction on imaging still have ongoing 
histological synovitis progress.

Finally, our results demonstrate that the lymphoid 
pathotype is significantly associated with synovial inflam-
mation and higher US EULAR-OMERACT combined 
score and MRI RAMRIS synovitis score at baseline 
compared with other pathotypes. The lymphoid patho-
type could therefore be a potential future prognostic 
marker. Although we did not find significant differences 
between the pathotypes in change of imaging scores 
or Krenn scores this is likely due to the relatively small 
number of patients in this study. Furthermore, more data 
on pathotypes in RA are needed as it could be affected 
by disease duration, treatment and others confounding 
factors. Importantly, two biopsy-driven randomised multi-
centre clinical trials (Response—Resistance to Tituximab 
vs Tocilizumab in RA31 and Stratification of Biologic 
Therapies for RA by Pathobiology32) are due to report in 
the near future on how baseline pathotype affect treat-
ment response.2

We believe the presented results are robust for a 
number of reasons. First, validated scoring systems for 
radiographs, US and MRI and histological synovitis were 
applied. Second, two well-characterised patient groups 
with early and established RA were included along with 
a control group. Including ERA and LRA ensures that 

https://dx.doi.org/10.1136/rmdopen-2019-000951
https://dx.doi.org/10.1136/rmdopen-2019-000951
https://dx.doi.org/10.1136/rmdopen-2019-000951
https://dx.doi.org/10.1136/rmdopen-2019-000951
https://dx.doi.org/10.1136/rmdopen-2019-000951
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the results are generalisable. Patients within the control 
group had significantly lower MRI, US and histological 
synovitis than patients with RA and there was no correla-
tion between RAMRIS score and histological synovitis 
in the control group. Furthermore, the controls had a 
different synovial pathotype composition with majority 
of the fibroid pathotype. Previous studies comparing 
synovial osteoarthrosis and RA synovial biopsies inflam-
mation confirm these histological findings.33 34 A further 
strength of our study is the rigid timing for clinical exam-
ination, imaging and synovial sampling which were all 
performed within 1–2 hours eliminating the fluctuations 
in disease activity that have been previously clearly docu-
mented to exist. The study has limitations including that 
the LRA group did not undergo MRI at 6 months, there 
was no erosive progression in the wrist in the RA group by 
neither Larsen score nor RAMRIS score, only few of the 
patients with RA had fibroid pathotype, and corticoste-
roids injections were allowed in all patients which could 
affect synovial inflammation. Due to the large number 
of analyses, multiple testing could be a problem and the 
borderline-significant results should be interpreted with 
this in mind. Furthermore, treatment was as per routine 
clinical care not per protocol.

In summary, this study demonstrates that the MRI 
RAMRIS synovitis score and EULAR-OMERACT US 
scoring system are sensitive measures of histological 
synovitis in established RA and early untreated RA. This 
relationship persists during the study period in the estab-
lished RA group despite effective treatment, but not in 
the ERA after 6 months. This suggest that ERA and LRA 
have different responses to treatment intensification, 
possibly due to an immunological ‘window of opportu-
nity’ in the ERA group. Overall, significant decreases in 
MRI/US synovitis are associated with significant reduc-
tions in histological synovitis. These findings validate the 
use of MRI RAMRIS and EULAR-OMERACT US scores as 
surrogate markers of histological synovitis in established 
RA and early untreated RA. Synovial pathotypes have 
differences at baseline in degree of synovial inflamma-
tion and US and MRI imagining scores.
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