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During development of rheumatoid arthritis,
intermetatarsal bursitis may occur before clinical
joint swelling: a large imaging study in patients with
clinically suspect arthralgia
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Abstract

Objectives. Intermetatarsal bursitis (IMB) represents juxta-articular synovial inflammation of the intermetatarsal
bursae. Recent MRI studies identified IMB as feature of early RA, but whether IMB already occurs in the
pre-arthritic phase is unknown. We performed a large MRI study in clinically suspect arthralgia (CSA) to assess the
occurrence and prognostic value of IMB.

Methods. A total of 577 consecutive CSA patients underwent contrast-enhanced MRI of the forefoot, metacarpo-
phalangeal joints and wrist. MRIs were evaluated for subclinical synovitis/tenosynovitis/osteitis in line with the RA
MRI scoring system (summed as RAMRIS inflammation) and for IMB. IMB was considered present if uncommon in
the general population at the same location (i.e. size scored above the 95th percentile in age-matched symptom-
free controls). The relation of IMB with other MRI-detected subclinical inflammation (synovitis/tenosynovitis/osteitis)
was studied. Cox-regression assessed the association with clinical arthritis development during median 25 months
follow-up. ACPA stratification was performed.

Results. At presentation with CSA, 23% had IMB. IMB was more frequent in ACPA-positive than ACPA-negative
CSA (47% vs 19%, P <0.001). Patients with IMB were more likely to also have subclinical synovitis [OR 3.4 (95%
Cl 1.8, 6.5)] and tenosynovitis [5.9(2.8, 12.6)]. IMB conferred higher risk of developing arthritis [HR 1.6(1.0-2.7)
adjusted for other subclinical inflammation]. IMB-presence predicted arthritis development in ACPA-positive CSA
[adjusted HR 2.2(1.0-4.7)], but not in ACPA-negative CSA-patients [0.8(0.4-1.7)].

Conclusion. Approximately a quarter of CSA patients have IMB, which is frequently accompanied by subclinical
synovitis and tenosynovitis. IMB precedes development of clinical arthritis, particularly in ACPA-positive CSA.
These results reinforce the notion that juxta-articular synovial inflammation is involved in the earliest phases of RA
development.
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Rheumatology key messages

o Inflammation of the synovium-lined intermetatarsal bursae occurs in 23% of clinically suspect arthralgia (CSA)
patients.

« Intermetatarsal bursitis (IMB) may precede development of clinical arthritis and particularly predicts ACPA-
positive RA.

e These results support the notion that juxta-articular synovial inflammation is involved in the earliest phases of RA
development.
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Introduction

RA is traditionally known for targeting the synovial lining
of small joints, which leads to intra-articular synovitis.
There is increasing awareness that synovial tissue out-
side the joint capsules (juxta-articular) exists and is fre-
quently inflamed as well. For instance, tendons around
small hand and foot joints are surrounded by a synovial
sheath that is frequently affected in RA, leading to teno-
synovitis. Tenosynovitis at the small joints is detectable
by MRI, has a high specificity for early RA and contrib-
utes to RA-related symptoms [1-4].

Similarly to tendon sheaths around small hand and
foot joints, the bursae situated between the metatarsal
heads also possess a synovial lining that may become
inflamed, leading to intermetatarsal bursitis (IMB) [5-8].
These bursae form a distinct tissue without anatomical
connection to the MTP joints and have a physiological
function in reducing mechanical strain and friction [5].
Recently, an MRI study showed that IMB is present in
two-thirds of early RA patients and is highly specific for
RA in comparison to healthy controls [9]. Moreover,
IMB frequently accompanies other RA-related synovial
inflammation (synovitis and tenosynouvitis), contributes to
local joint swelling and tenderness and seems respon-
sive to treatment with DMARDs [10]. Therefore, IMB
may be considered a novel feature of juxta-articular
synovial inflammation in RA.

Despite these properties of IMB in early RA, MRI-
detected IMB has never been systematically studied in
the pre-arthritic phase. In contrast to IMB, tenosynovitis
has been studied extensively, showing that it is among
the first tissues where inflammation manifests and asso-
ciates with development of clinical arthritis in at-risk
populations [11-17]. This gives rise to the hypothesis
that IMB, which like tenosynovitis represents juxta-
articular synovial inflammation, might also precede RA,
as suggested by some case reports [18, 19]. Therefore,
we performed a large MRI study in patients with clinical-
ly suspect arthralgia (CSA) to assess the occurrence
of IMB and whether its relation with synovitis and
tenosynovitis as found in early RA is already present.
In addition, we studied the prognostic value of IMB for
development of clinical arthritis, for both ACPA-positive
and ACPA-negative CSA patients.

Methods
Patients

The prospective CSA cohort is based in the Leiden
University Medical Centre (LUMC) in the Netherlands
and has been described in detail previously [20]. In
short, since 2012 this cohort has enrolled patients with
recent-onset (<1year) arthralgia of the small joints who
were at increased risk of developing RA according to the
clinical expertise of their rheumatologist. Inclusion was
not based on positivity for auto-antibodies; in accordance
with national guidelines for general practitioners (GPs)
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these are generally not tested in primary care.
Importantly, CSA does not comprise patients in whom
clinical arthritis is already present or when another
cause of the arthralgia is more likely (e.g. osteoarthritis,
fibromyalgia, injury). Previous research demonstrated
that this definition of CSA, based on clinical expertise
and pattern recognition, indeed confers a strongly
increased risk of developing RA [21].

At baseline, physical joint examination was con-
ducted, blood tests were performed (including IgG
ACPA and IgM RF). In addition, MRl was performed in
absence of contra-indications. For the current study, we
assessed 577 consecutive CSA patients who underwent
MRI at baseline between July 2013 and March 2020,
since contrast-enhanced MRI sequences of the forefoot
were added to the CSA protocol in July 2013 (for
the flowchart, see Supplementary Fig. S1, available at
Rheumatology online).

The CSA study was conducted in accordance with
the Declaration of Helsinki and its protocol was
approved by the medical ethical committee of the
Leiden University Medical Centre (Commissie Medische
Ethiek LUMGC; file number P11.210). All patients pro-
vided written informed consent.

MRI scanning and scoring

At baseline, unilateral contrast-enhanced 1.5T MRIs
(ONI, GE, WI, USA) were made of the MTP(1st-5th),
MCP(2nd-5th) and wrist joints of the side with the most
symptoms, or the dominant side in case of equally
severe symmetrical symptoms. MRIs were evaluated for
synovitis, tenosynovitis and osteitis in line with the RA
MRI scoring system (RAMRIS) by two independent
trained readers, as reported previously [22-25].
The scanning protocol and RAMRIS scoring are
described extensively in Supplementary Data S1, avail-
able at Rheumatology online.

In addition, MRIs of the forefoot were evaluated for
IMB. The intermetatarsal bursae are situated in the
superior intermetatarsal spaces, which lie in between
the intermetatarsal heads, the deep transverse metatar-
sal ligament and the deep dorsal aponeurosis [5, 7].
IMB was therefore defined as contrast-enhancement of
the bursa in the superior intermetatarsal space, with or
without rim enhancement on >2 consecutive slices in
the axial and coronal plane [9]. At each of the four
superior intermetatarsal spaces, IMB presence and size
were recorded by a single trained reader as published
previously [10]. For IMB size, the dorsoplantar dimen-
sion was used because the bursae are confined trans-
versally by the metatarsal heads and may, theoretically,
distend in dorsoplantar direction more freely [26].

MRI scoring was done blinded for clinical data. In
addition, IMB and RAMRIS inflammation were evaluated
separately by different readers, unaware of each other’s
scores.

Reliability was ascertained by calculating intra-
class correlation coefficients (ICCs). For IMB size,
the intrareader ICC was 0.87. For the RAMRIS,
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inter- and intrareader ICCs were >0.90 as published
previously [23].

Defining positivity of RAMRIS inflammation and IMB

Positivity for subclinical RAMRIS inflammation was
defined using healthy controls as reference, as
described previously: synovitis, tenosynovitis or osteitis
was considered present if scored by both readers in a
severity that was present at the same location in <5%
of age-matched healthy controls [27, 28]. Reference
scores were determined in a previous study of 193
healthy controls using the same MRI machine [27].

Also, for IMB it was deemed important to discern pos-
sibly pathologic lesions from normal variations, because
small amounts of bursal fluid are considered common in
healthy individuals [29]. Therefore, measurements of
healthy controls were also applied to determine IMB
positivity [9, 27]. Patients were considered to have IMB
if they had >1 IMB that was uncommon in healthy
controls, i.e. an IMB size exceeding the 95th percentile
in age-matched symptom-free controls (with IMB size
equal to zero if IMB was absent). Age matching was
performed because older, symptom-free controls had
IMB more often (Supplementary Fig. S2, available at
Rheumatology online). In addition, reference values were
determined separately for each intermetatarsal space
because the frequency of IMB is known to differ per lo-
cation [9]. For example, in patients aged <40years any
bursal contrast enhancement between MTP1 and MTP2
was considered as IMB, while in patients aged >60,
only contrast enhancement >12 mm was considered as
IMB (for all reference values, see Supplementary Table
S1, available at Rheumatology online). Finally, no dis-
tinction was made between men and women because
sex was not statistically significantly associated with
IMB presence and size in symptom-free controls
(Supplementary Fig. S2, available at Rheumatology
online).

Outcome

The primary outcome was development of clinical arth-
ritis, defined as joint swelling palpable at physical joint
examination. Also, joints not assessed by MRI were
considered at outcome assessment. The full 66 swollen
joint count-66 was used during examinations. Thus,
the primary outcome was defined as a swollen joint
count-66 >1. Follow-up visits were scheduled at 4/12/
24 months, but patients could come in for an additional
visit whenever their symptoms required, to ensure timely
detection of clinical arthritis. Electronic hospital records
were reviewed until 2.5years after inclusion or until 27
January 2021 (whichever came first). Patients and
clinicians were unaware of IMB presence at baseline,
allowing unbiased outcome assessment.

Treatment with disease-modifying anti-rheumatic
drugs (DMARDs, including systemic or intra-articular
corticosteroids) was not allowed during follow-up in the
CSA cohort, thus before reaching the outcome. CSA
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patients who presented between April 2015 and August
2019 were, however, eligible for participation in a
randomized placebo-controlled trial (RCT) studying the
efficacy of methotrexate to prevent RA development if
they had subclinical inflammation (synovitis/tenosyno-
vitis/osteitis) on MRI [30]. These trial participants were
excluded from current prognostic analyses due to their
50% chance of methotrexate use (Supplementary Fig.
S1, available at Rheumatology online). Within patients
who would have been eligible for the RCT based on
presence of subclinical RAMRIS inflammation, there
were no clinically relevant differences in baseline char-
acteristics regarding clinical variables, IMB and RAMRIS
inflammation parameters, between those who were and
were not included in the RCT (Supplementary Table S2,
available at Rheumatology online).

Statistical analyses

Patient-level associations between IMB presence and
RAMRIS inflammation at the MTP joints were assessed
using univariable logistic regression. Multivariable analy-
ses with all three RAMRIS inflammation features (syno-
vitis, tenosynovitis, osteitis) as separate independent
variables were also performed.

In addition, associations between IMB presence and
RAMRIS inflammation were assessed at the local level,
namely at individual intermetatarsal bursae with the two
MTP joints located next to it. Here, generalized estimat-
ing equations (GEEs) were used wherein each patient
contributed four intermetatarsal bursae (n=2308 bur-
sae). Presence of IMB was the outcome variable and
presence of RAMRIS inflammation in the two MTP joints
neighbouring the bursa was the independent variable.

The relation between IMB presence and development
of clinical arthritis was studied using Kaplan-Meier
curves and Cox-regression. Multivariable Cox-regression
analyses were used to adjust for presence of RAMRIS
inflammation features (synovitis, tenosynovitis and os-
teitis at the MTP, MCP or wrist joints), and to assess
whether IMB predicts clinical arthritis development
independent of variables previously identified as prog-
nostic [15].

Analyses were repeated with stratification for ACPA
status. IBM SPSS (version 25) was used. Two-sided
P-values <0.05 were considered statistically significant.

Sensitivity analyses

Longitudinal analyses were repeated using RA develop-
ment as outcome (fulfilment of the 2010 or 1987 criteria
for RA, or a clinical diagnosis of RA with initiation of
DMARDs) [31, 32]. In addition, the prognostic value of
IMB was assessed in CSA patients who fulfilled the
EULAR definition of arthralgia suspicious for progression
to RA, as fulfilling this on top of the clinical diagnosis of
CSA confers a slightly higher risk of RA development
and may aid generalizability to other CSA populations
[33, 34].
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Results
Patients

In total, 35% of patients (203/577) had any IMB, without
correction for normal variations in the general popula-
tion. The frequency of IMB at each intermetatarsal
space is presented in Fig. 1A. The third intermetatarsal
space (between MTP3 and 4) was most frequently
affected (24%). The relative distribution of IMB between
intermetatarsal spaces was similar in ACPA-positive and
ACPA-negative patients (Fig. 1B and C).

A total of 23% of all CSA patients (131/577) had >1
IMB larger than the normal reference and were therefore
considered positive for IMB. Henceforth, presence of
IMB refers to IMB exceeding the reference obtained
from healthy controls.

Baseline characteristics are presented in Table 1. On
average, patients with IMB more often had increased
CRP (34% vs 19%, P=0.004), and were more often
ACPA-positive (28% vs 9%, P <0.001) and RF-positive
(85% vs 15%, <0.001).

Out of 78 ACPA-positive CSA patients, 60 were also
positive for RF (ACPA+/RF+). These ACPA+/RF+
patients had IMB more often than ACPA+/RF- patients
(58% vs 11%, P < 0.001).

IMB particularly accompanies tenosynovitis and
synovitis

Patients with MRI-detected IMB were more likely to
have synovitis, tenosynovitis and/or osteitis at the MTP-
joints (Table 2). Because these features may co-occur,
multivariable analyses were also performed, which
showed that presence of synovitis [OR 3.4 (95% CI 1.8,
6.5)] and tenosynovitis [5.9(2.8, 12.6)] was independently
associated with IMB presence. Similar findings were
obtained in analyses at the local level (Table 3). In sum-
mary, IMB was particularly accompanied by synovial
inflammation at the MTP joints (synovitis) and in tendon
sheaths (tenosynovitis), but not by inflammation in meta-
tarsal bones (osteitis).

Fig. 1D shows an example MR image of synovitis
and tenosynovitis co-occurring with IMB. Additional
examples of IMB of different severity are presented in
Supplementary Fig. S3, available at Rheumatology
online.

ACPA status in relation to IMB presence and
RAMRIS inflammation

Analyses were stratified for ACPA status, because
ACPA-positive and ACPA-negative RA harbour differen-
ces in pathophysiology [35, 36]. Tenosynovitis was inde-
pendently associated with IMB presence in both groups
(Table 2). The association with synovitis was statistically
significant in ACPA-negative and not ACPA-positive
CSA [OR 3.6(1.7-7.4) vs 2.2(0.5-10.1)]. Local level
analyses in both groups showed that synovitis and teno-
synovitis were more often present at MTP joints with
adjacent IMB (Table 3).
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Fic. 1 Heatmaps of IMB presence per intermetatarsal
space (A, B, C) and MRI example of IMB co-occurring
with synovitis and flexor-tenosynovitis (D)

A All CSA-patients

49%

34%

18%

3%

A-C IMB of any size is included in the heatmaps, with-
out correction for normal variations in the general popu-
lation. M1 to Mb5: metatarsal heads 1 to 5. A
Percentages: 4% (M5-M4); 24% (M4-M3); 15% (M3-
M2); 11% (M2-M1) B Percentages: 10% (M5-M4); 49%
(M4-M3); 29% (M3-M2); 21% (M2-M1) C Percentages:
3% (M5-M4); 20% (M4-M3); 13% (M3-M2); 9% (M2-M1)
D Coronal T1-weighted fat suppressed images after
gadolinium administration of the forefoot at the level of
the metatarsal heads of a female CSA patient aged 47
years. Arrows: enhancement of thickened synovium in
the 2nd and 3rd intermetatarsal space, consistent with
IMB. Dotted arrow: enhancement at the 3rd MTP joint
surrounding the flexor tendon at the 3rd MTP joint, con-
sistent with tenosynovitis. Arrowheads: synovitis at the
3rd and 4th MTP joint. CSA: clinically suspect arthralgia;
IMB: intermetatarsal bursitis; MR: magnetic resonance.

IMB presence at presentation associates with
increased risk of clinical arthritis development

During follow-up, 76 of 469 patients (16%) developed
clinical arthritis after median 18weeks (IQR 4-35).
Median follow-up of patients who did not develop clinic-
al arthritis was 110 weeks (68-117). Kaplan—Meier curves

https://academic.oup.com/rheumatology
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TasLe 1 Baseline characteristics of all CSA patients and according to presence of IMB

IMB at baseline

Present (n = 131)

Absent (n = 446)

All (n =577)
Age in years, mean (s.n.) 44 (13)
Female, n (%) 433 (75)
BMI, mean (s.p.) 27 (5)
Symptom duration in weeks, median (IQR) 20 (9-43)
TJC-68, median (IQR) 5(2-9)
>1 tender MTP joint, n (%) 256 (45)
ACPA-positive, n (%) 78 (14)
RF-positive, n (%) 111 (19)
ACPA- and RF-positive, n (%) 60 (10)
Increased CRP (>5mg/L), n (%) 130 (23)
Locations with IMB,? mean (s.p.) 0.3(0.7)

43 (12) 45 (13) 0.25
100 (76) 333 (74) 0.73
27 (6) 27 (5) 0.59
19 (8-40) 20 (10-46) 0.51
5 (2-8) 5(2-10) 0.85
64 (50) 192 (44) 0.27
37 (28) 41(9) <0.001
46 (35) 65 (15) <0.001
35 (27) 25 (6) <0.001
44 (34) 86 (19) 0.001
1.5(0.7) - -

®Range: 0-4 (the number of intermetatarsal spaces on one side). CSA: clinically suspect arthralgia; IMB: intermetatarsal

bursitis; IQR: interquartile range; TJC: tender joint count.

TaBLE 2 Associations at patient level between IMB presence and presence of other inflammation features at any MTP

joint

Synovitis Tenosynovitis

OR (95% Cl)

OR (95% Cl)

Osteitis Any (synovitis, tenosynovitis

and/or osteitis)

All CSA patients

Univariable 6.8 (4.0,11.4) 11.7 (5.9, 23.0)
Multivariable 3.4(1.8,6.5) 5.9(2.8,12.6)
ACPA-positive patients

Univariable 8.5(2.7,26.4) 14.9 (3.9, 57.0)
Multivariable 2.2(0.5,10.1) 7.7 (1.6, 38.0)
ACPA-negative patients

Univariable 4.9(2.6,9.2) 6.9 (3.0, 16.1)
Multivariable 3.6(1.7,7.4) 4.1(1.6,10.2)

OR (95% CI) OR (95% CI)
2.9(1.7,5.0) 42(2.7,6.6)
1.2(0.6, 2.4) -
4.4(1.4,13.8) 7.4(2.7,20.3)
1.6 (0.4, 6.8) -
2.0(1.01,3.9) 2.9(1.7,4.9)
1.0 (0.5, 2.3) -

An OR >1 indicates that presence of the feature concerned (synovitis, tenosynovitis, osteitis) increases the chance that
the patient has IMB. ®Multivariable model: with adjustment for presence of the two other features. CSA: clinically suspect

arthralgia; IMB: intermetatarsal bursitis.

of clinical arthritis development are depicted in Fig. 2;
CSA patients with IMB at baseline developed clinical
arthritis at a higher rate than patients without IMB [HR
3.3(2.1-5.2)].

Multivariable Cox-regression showed that IMB pres-
ence at baseline associated with clinical arthritis devel-
opment independent of synovitis, tenosynovitis and
osteitis presence (Table 4); the adjusted HR was 1.6
(95% CI 1.0, 2.7; P=0.048).

Then, we studied whether IMB was an independent
predictor of clinical arthritis development when both
clinical and MRI parameters were considered. The
choice of covariates for this analysis was based on a
previous study that identified the following predictors for
clinical arthritis development in CSA: ACPA positivity,
RF positivity, subclinical RAMRIS inflammation at >2

https://academic.oup.com/rheumatology

locations (at the MTP, MCP and wrist joints) and MCP-
extensor tenosynovitis [15]. In this analysis, IMB was not
statistically ~ significant as independent predictor
(Supplementary Table S3, available at Rheumatology on-
line); adjusted HR 1.2(0.7-2.1).

ACPA status and the relation between IMB and
clinical arthritis development

Stratified univariable analyses showed that IMB pres-
ence conferred increased risk to develop ACPA-positive
clinical arthritis [HR 3.2(1.6-6.7)], while for ACPA-
negative clinical arthritis, no statistically significant
association was observed [1.5(0.7-3.0); Fig. 2]. In multi-
variable analyses including synovitis, tenosynovitis
and osteitis presence, IMB presence predicted arthritis
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TaBLE 3 Associations at the local level between IMB presence and presence of other inflammation features in adjacent
MTP joints

Synovitis Tenosynovitis Osteitis Any (synovitis,
teno-synovitis
and/or osteitis)

OR (95% Cl) OR (95% CI) OR (95% Cl) OR (95% ClI)

All CSA patients

Univariable 5.8 (3.6, 9.3) 8.0 (4.8, 13.5) 2.3(1.2,4.5) 5.0(3.3,7.6)
Multivariable® 3.7(2.1,6.5) 5.0(2.7,9.2) 0.9(0.5,1.8) —
ACPA-positive patients

Univariable 4.4(2.4,8.0 5.0(2.7,9.3) 1.7 (0.8, 3.7) 5.1 (3.0, 8.8)
Multivariable® 29(1.4,5.8) 3.7(1.9,7.2) 1.1(0.5,2.3) —
ACPA-negative patients

Univariable 5.1(2.5,10.5) 8.1(3.6, 18.3) 2.6(1.1,6.0) 3.6 (2.0, 6.6)
Multivariable® 3.2(1.4,7.5) 4.8(1.9,12.4) 1.0(0.4,2.2) —

An OR >1 indicates that presence of the inflammation feature concerned (synovitis, tenosynovitis, osteitis) at an MTP joint
increases the chance that the adjacent bursa is affected by IMB. ®Multivariable model: adjusted for presence of the two
other features. GEE: generalized estimating equation; IMB: intermetatarsal bursitis; OR: odds ratio.

Fie. 2 Kaplan—-Meier curves of progression to clinical arthritis according to presence of IMB at presentation

A All patients
50 -
s 40 IMB present
= e P =
£ 30-
=
o
t
©
= 20+
Q
£
G 4¢-
U No IMB
0-
L] ) 1 L) ) ) L] ) 1
0 13 26 39 52 65 78 9 104
Time (weeks)
B ACPA-positive C ACPA-negative
=100 ~100;
& IMB present =
o 807 8 80
-.E 60+ E 604
= 407 = 407
o o
£ 2l No IMB £ 20
= 5 ar
© 01; T T T 1 01is T T T 1
0 26 52 78 104 0 26 52 78 104
Time (weeks) Time (weeks)

HR (95% ClI): (A) 3.3 (2.1, 5.2); (B) 3.2 (1.6, 6.7); (C) 1.5 (0.7, 3.0). HR: hazard ratio; IMB: intermetatarsal bursitis.
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TaBLE 4 The association of IMB presence with develop-
ment of clinical arthritis, adjusted for presence of other
subclinical inflammation features

Univariable Multivariable®
HR (95% CI) HR (95% CI)
IMB 3.3(2.1,5.2) 1.6(1.0,2.7)
Synovitis 3.5(2.2,5.4) 1.4(0.8,2.4)
Tenosynovitis 6.9 (4.3,11.0) 4.8 (2.8, 8.3)
Osteitis 22(1.4,35 1.3(0.8,2.2)

aMultivariable model: all four MRI features were entered as
independent variables. Synovitis, tenosynovitis and osteitis
were evaluated at the MTP, MCP and wrist joints.
*Statistically significant at the 0.05 level (P=0.048). HR:
hazard ratio; IMB: intermetatarsal bursitis.

development in ACPA-positive CSA with borderline statis-
tical significance [adjusted HR 2.2(1.0-4.7); Supplementary
Table S4, available at Rheumatology online], but not in
ACPA-negative CSA patients [0.8(0.4-1.7)].

Sensitivity analyses

Longitudinal analyses with RA development as outcome
yielded similar results as the main analyses
(Supplementary Tables S5, available at Rheumatology
online). IMB was also similarly predictive in patients who
fulfilled the EULAR definition of arthralgia suspicious for
progression to RA (Supplementary Tables S6, available
at Rheumatology online).

Discussion

Although intra-articular synovitis is the most well-known
characteristic of RA, recent studies illustrate that RA
also frequently involves juxta-articular synovial inflamma-
tion, which was demonstrated for tenosynovitis [2, 4].
Tenosynovitis already occurs in the phase of CSA and
predicts progression to clinical arthritis [14, 23]. The cur-
rent large MRI study adds that IMB also occurs in CSA,
especially when synovitis or tenosynovitis are present. In
addition, IMB precedes clinical arthritis, particularly in
ACPA-positive individuals. Together with previous
results showing that IMB is highly prevalent in RA at
diagnosis, this suggests that intermetatarsal bursae are
one of the target tissues early involved in RA [10].

Intriguingly, the association of juxta-articular synovial
inflammation features (IMB and tenosynovitis) with pro-
gression to clinical arthritis was stronger than of intra-
articular synovitis (Table 4), suggesting that juxta-
articular synovial inflammation is even more relevant or
distinctive than previously considered. These results are
an important step forward to improve the understanding
of the development of RA.

Next to pathophysiology, there is the question
whether IMB could serve as valuable prognostic marker
in clinical practice. In ACPA-positive CSA, IMB presence
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associated significantly with progression to clinical arth-
ritis in univariable analyses and after adjustment for
other features of subclinical joint inflammation. However,
IMB presence did not remain an independent predictor
when the auto-antibodies (ACPA, RF) were also incorpo-
rated in the model, suggesting that the added value of
IMB is limited when it is assessed in addition to serology
and ‘traditional’ subclinical inflammation (i.e. RAMRIS in-
flammation). The prognostic value of IMB will, however,
depend on the availability of other measurements; future
studies may shed further light on the settings wherein
IMB could prove useful. For example, when full RAMRIS
scoring is not feasible, IMB scoring might be a less
comprehensive alternative.

The current study is the first to systematically investi-
gate MRI-detected IMB in individuals at increased risk
of RA. This provides stronger evidence than previous
case reports, suggesting that IMB can precede RA [18,
19]. The prevalence of MRI-detected IMB (regardless of
IMB size) was higher in CSA than previously found in
healthy controls (35% vs 16%, P <0.001) and lower
than in early RA patients (69%, P < 0.001) [9]. The rela-
tive distribution of IMB across the intermetatarsal
spaces was similar to in early RA, with the highest fre-
quency between MTP3 and 4, and the lowest between
MTP4 and 5 (Fig. 1B) [9].

Interestingly, the prevalence of IMB (regardless of
size) in ACPA-positive CSA was similar to previously
reported in early ACPA-positive RA (64% and 70%, re-
spectively, P=0.14), whereas in ACPA-negative CSA
the prevalence was lower than in ACPA-negative RA
(81% vs 69%, P <0.001) [10]. Moreover, in the current
study, IMB associated with clinical arthritis development
only in ACPA-positive CSA. However, ACPA positivity in
CSA is a strong risk factor for progression to clinical
arthritis and ACPA-negative CSA comprises relatively
fewer patients who progress to RA [14]; this may have
resulted in differences in the strength of associations
with IMB that were found between the ACPA subgroups.
The differences between the ACPA-positive and ACPA-
negative subgroups may also suggest a difference in the
timing of involvement of IMB: while IMB may be more
abundant around the time of presentation with arthralgia
in ACPA-positive patients, it may develop later in ACPA-
negative RA. Analysis of repeated MRIs during progres-
sion from CSA to arthritis development is essential to
study this.

In addition, we found that ACPA+/RF+ patients more
often had IMB than ACPA-+/RF- patients. This shows
that patients that have both autoantibodies have IMB
more often. Interestingly, this is in line with others’ find-
ings on disease severity; e.g. CSA patients with both
autoantibodies also have more erosions [37, 38].

CSA patients with IMB had MTP tenderness slightly
more often than patients without IMB, but this was not
statistically significant (Table 1). This is in contrast to
early RA patients, where IMB presence has been shown
to contribute to joint tenderness [10]. Possibly, IMB se-
verity may increase during development of arthritis and
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does not yet reach the threshold of inducing tenderness
in the phase of CSA. The fact that not all CSA patients
ultimately develop RA and the lower prevalence of IMB
in CSA compared with RA may also weaken this
association.

A clinical sign that has been reported to be potentially
indicative of IMB presence is ‘opening toes’, which was
described in a case report [18]. This concerns the phe-
nomenon that enlargement of the bursa due to IMB can
push the adjacent metatarsal bones outwards, leading
to an increase in space between the toes. However, this
has so far only been reported in one RA patient and has
not yet been systematically studied, neither in RA nor
pre-RA. Additional studies would be required to assess
whether this sign can indeed identify IMB in the phase
of CSA.

There were some limitations. Firstly, we were unable
to discern IMB directly related to CSA from IMB pos-
sibly related to extraneous factors, such as mechanical
loading of the forefoot or presence of Morton’s neur-
oma. Although the correction for normal variations incor-
porates adjustment for mechanical effects to some
extent, deviations of forefoot bones (e.g. hallux valgus
and hammer toes) could not specifically be accounted
for as no weightbearing radiographs were available
[39-42]. Although mechanical strain (for example due to
deformities or altered mechanical loading) is presumed
to be involved in the development of bursitis, it is un-
clear what its role specifically is in development of IMB
in RA or at-risk individuals (CSA) [40-42]. Future studies
may elucidate whether mechanical loading, deformities
and the resulting mechanical strain promote develop-
ment of IMB and other local inflammation.

Secondly, some patients were excluded from longitu-
dinal analyses because of participation in an RCT involv-
ing a 50% chance of methotrexate use (Supplementary
Fig. S1, available at Rheumatology online). Because
presence of subclinical RAMRIS inflammation was an in-
clusion criterion for that RCT, the frequency of subclin-
ical RAMRIS inflammation at baseline was hereby
lowered in the patient sample used for analyses on arth-
ritis development. As presence of subclinical RAMRIS
inflammation is a risk factor for arthritis development
[14], excluding part of these patients may have resulted
in lower rates of clinical arthritis development.
Theoretically, this could have influenced the association
found between IMB and clinical arthritis development.
Reassuringly, however, there were no clinically relevant
differences in baseline characteristics between eligible
patients included and excluded in the longitudinal analy-
ses; also, the frequency of IMB did not differ
(Supplementary Table S2, available at Rheumatology on-
line). In addition, when analyses were limited to patients
included before April 2015 and from August 2019, thus
outside the time-window of the RCT, IMB was associ-
ated with clinical arthritis development [univariable HR
2.2 (1.02-4.5)].

Notably, no validated scoring method for IMB exists.
Therefore, our approach to evaluate MRIs for IMB was

2812

developed locally in collaboration with an MSK radiolo-
gist with >20years of experience and was reported pre-
viously [9, 10]. Reliability of this approach to score IMB
was reassuring (intra-reader ICC 0.87; see Results
section).

Based on our findings, we suggest that juxta-articular
synovial tissues are incorporated in future imaging and
histopathological studies. In recent years, many histo-
pathological and biomarker studies have been con-
ducted using synovial biopsies from intra-articular origin
[43]. Likewise, recent ultrasound studies in individuals at
risk of RA often assessed intra-articular synovitis and
not juxta-articular synovial inflammation [44-48].
However, based on the combination of current and pre-
vious results, inflammation of juxta-articular synovial tis-
sues occurs during RA development. In addition, it
would be interesting to assess whether early symptoms
and signs that are currently mainly attributed to intra-
articular synovitis (e.g. the squeeze test of MTP joints)
may be associated with juxta-articular inflammation as
well.

In conclusion, IMB is detectable by MRI in a quarter
of CSA patients and is frequently accompanied by
subclinical synovitis and tenosynovitis. In addition,
IMB precedes development of clinical arthritis, par-
ticularly in ACPA-positive CSA. These results reinforce
the notion that juxta-articular synovial inflammation is
involved in the earliest phases of arthritis development
in RA.
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