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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 in�ammation 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 
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