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The Relationship Between Synovial Pathobiology and
Magnetic Resonance Imaging Abnormalities in
Rheumatoid Arthritis: A Systematic Review
Frances Humby, Arti Mahto, Muaaze Ahmed, Andrew Barr, Stephen Kelly, Maya Buch,
Costantino Pitzalis, and Philip G. Conaghan

ABSTRACT. Objective. Magnetic resonance imaging (MRI) has been increasingly recognized as a critical tool for
the assessment of patients with rheumatoid arthritis (RA) and is able to reliably identify synovitis,
bone marrow edema, bone erosion, and joint space narrowing (JSN)/cartilage loss. Understanding
the exact relationship between each MRI feature and local synovial pathobiology is critical to dissect
disease pathogenesis as well as develop future predictive models.
Methods. A systematic review was performed of the current published literature examining the
relationship between MRI abnormalities and synovial pathobiology in patients with RA.
Results. Eighteen studies were identified; most focused on validation of MRI as a tool to detect and
quantify synovitis, with a significant relationship demonstrated. Additionally, from the limited data
available, a critical role seems likely for synovial pathways, at least in driving joint damage. However,
there was a lack of data examining the relationship between synovial pathobiology and bone marrow
abnormalities and JSN.
Conclusion. Although understanding the interrelationship of these disease biomarkers offers the
potential to enhance the predictive validity of modern imaging with concomitant synovial pathobio-
logical analysis, further studies integrating MRI with synovial tissue analysis in well-controlled
cohorts at distinct disease stages before and after therapeutic intervention are required to achieve this.
(First Release July 15 2017; J Rheumatol 2017;44:1311–24; doi:10.3899/jrheum.161314)
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Magnetic resonance imaging (MRI) is an excellent tool to
delineate pathology in rheumatoid arthritis (RA) because
it can define bone, cartilage, fluid, and soft tissues. This
is possible because MRI can delineate structures with high
water content on T2-weighted fat-suppressed or short-tau
inversion recovery sequences, and following injection of
gadolinium-DTPA (Gd-DTPA), regions of high vascu-
larity. Thus, feasibly MRI can quantify both synovial
volume and inflammation and act as a surrogate nonin-

vasive marker of histological inflammation. Specific MRI
features of RA synovial joints have been demonstrated to
be of particular prognostic value: synovitis, bone marrow
edema (BME), bone erosions, and cartilage thinning. MRI
has the capacity to detect bone erosions 2 years earlier1
than plain radiographs and sensitivity to detect change
even in small cohorts2, an effect that is of critical
relevance given the capacity of improved treatment
algorithms to halt joint damage3. Consequently, MRI is
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now well recognized as a robust outcome measure in clinical
trials.
    Historically, the pathological events leading to joint
damage in RA have been suggested to be a sequence of
primary synovitis leading to BME, cartilage thinning, and
finally erosions. There is increasing data to challenge this
model. First, although a significant relationship between
BME and synovitis4 and between synovitis and the devel-
opment of bone erosions has been demonstrated5, debate
regarding the exact contribution of synovitis/BME in initi-
ating and/or sustaining bone erosion continues6 with some
evidence suggesting that BME per se may be an independent
predictor of erosive progression4,7,8,9,10,11,12,13. Further, there
is evidence primarily from MRI studies to support a bio-
mechanical effect on erosive progression14. Second, MRI
studies have noted BME and erosions as early events, with
cartilage thinning occurring later15. Third, a number of
radiographic studies have reported an incongruent relation-
ship between cartilage thinning and erosions15,16. Finally,
recent data have demonstrated an association between MRI-
documented BME, synovitis, baseline cartilage damage, and
subsequent cartilage loss17. These observations raise a
number of fundamental questions regarding mechanisms of
joint damage and in particular whether synovial pathobio-
logical pathways initiate and/or sustain a local environment
that drives BME, erosions, and/or cartilage thinning.
    It was within this context that a systematic literature
review was conducted to assess published data investigating
the relationship between RA synovial pathobiology and MRI
BME, synovitis, erosions, and cartilage thinning.

MATERIALS AND METHODS
The study methodology was conducted in line with the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses) guidelines18 and
was registered with PROSPERO (www.crd.york.ac.uk/NIHR_PROSPERO,
registration CRD42016033875). Because this was a systematic review, no
ethics approval was sought, in accordance with the policy of Barts Health
NHS Trust.
Search strategy. Relevant articles, reviews, and abstracts were identified
through an initial search of EMBASE, MEDLINE, and the Cochrane Library
for articles published up to March 2016. The MEDLINE MeSH keyword
search terms (rheumatoid arthritis, rheumatoid and arthritis, RA, rheumatoid,
inflammatory arthritis, nuclear magnetic resonance imaging, magnetic AND
resonance AND imaging, synovitis, synovi, pathology, histopathology,
immunohistochemistry, pathol, histo, immune, joint surgery, arthroscopy,
biopsy, joints, surgery) and adopted Boolean operators are presented in Table
1. These were modified to accommodate each search database. EMBASE
and Cochrane search terms are presented as Supplementary Tables 1 and 2,
respectively, available from the authors on request.
Eligibility criteria. Studies including patients with RA undergoing an MRI
scan of a peripheral synovial joint along with sampling of synovial tissue
were eligible. Outcome measures for MRI scanning included BME, joint
erosion, synovitis, and cartilage thickness. Outcome measures for synovial
tissue included macro/microscopic histological assessment and immunohis-
tochemical and gene expression analysis. To be included within the review,
studies had to directly compare 1 MRI RA feature with 1 or more synovial
outcome measures. All types of study designs were included and analysis
was restricted to humans. Articles not in English, with no translation

available, and abstracts with no corresponding full-text article were
excluded.
      Two reviewers (FH and AM) independently reviewed the titles and
abstracts from potentially relevant articles identified through the search
strategy. Both reviewers assessed the full texts of all potentially eligible
articles.
Data extraction. Data were entered onto a predefined data extraction table.
For each study, the following data were recorded regarding study design:
type of study, disease stage (e.g., early vs established disease), procedure for
synovial sampling, time interval between synovial sampling and MRI scan,
whether concomitant disease-modifying antirheumatic drugs (DMARD)
and/or steroid therapy were controlled for, joint imaged, and joint biopsied.
The following MRI variables were also recorded: MRI feature scored, acqui-
sition strength, and method of assessment of MRI features. Additionally, the
following variables regarding synovial tissue analysis were recorded:
number of synovial samples taken, procedure for synovial tissue preparation,
macroscopic assessment of synovium, histological assessment of H&E
stained samples, immunohistochemical assessment, synovial gene
expression analysis, and main conclusions. Data extraction was performed
by 1 reviewer (FH) and was verified by a second (AM). Any disagreements
regarding data extraction were resolved following discussion among the
reviewers.
Quality assessment. The quality of each study was independently assessed
by 2 reviewers (FH and AM) using an adapted standardized quality scoring
tool (Supplementary Table 3, available from the authors on request)19,20 to
assess the following components: (1) study population, (2) MRI assessment
and scoring, (3) histological assessment, and (4) study design and analysis
and data presentation. A score of “1” or “0” was allocated for each question
according to whether the study fulfilled the criteria or not, respectively. A
study was considered to be high quality if it exceeded or equaled the mean
score (% of total) in its class [cross-sectional vs randomized controlled trial
(RCT) vs cohort study].

RESULTS
Search strategy. A summary of the results of the search
strategy is presented in the PRISMA flow chart shown in
Figure 1. This indicates that a total of 505 articles were
identified. Following the exclusion of duplicates (n = 117)
and review articles (n = 103), 273 articles were screened. Of
these, 237 were excluded (134 because they did not include
patients with RA, 91 because they did not include histopatho-
logical analysis of synovial tissue, 10 because they were
examinations of tissue in vitro or in animal models, and 2
because no MRI scans were included). Of the remaining 36
articles, 18 were then excluded: 2 because no English trans-
lation was available, 5 because of no synovial histopatho-
biological examination (3 had no synovial histology and 2
had synovial explants in vitro only), 1 because there was no
comparison of MRI and synovial pathobiology (not relevant
to task), 4 because they did not include patients with RA, and
6 because they were abstracts only with no full text (Supple-
mentary Table 5, available from the authors on request).
Eighteen articles were then identified that satisfied the eligi-
bility criteria and were therefore included in the review.
Characteristics of included studies. A summary of the charac-
teristics of the 18 studies is presented in Table 2 (MRI 
characteristics) and Table 3 (histopathobiological charac-
teristics)21–30,31,32,33,34,35,36,37,38,39. A total of 442 participants
were included in the analyses from the 18 studies. Of these,

1312 The Journal of Rheumatology 2017; 44:9; doi:10.3899/jrheum.161314

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2017. All rights reserved.

 Journal of Rheumatology
The on September 2, 2017 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


1313Humby, et al: MRI, synovitis, pathobiology

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2017. All rights reserved.

Table 1. The MEDLINE MeSH keyword search terms and Boolean operators from 1946 to present.

1         Exp *RHEUMATOID ARTHRITIS/                       19         Exp*IMMUNOHISTOCHEMISTRY
2         (Rheumatoid AND arthritis).ti,ab                            20         Pathol*. ti,ab
3         RA.ti,ab                                                                    21         Histo*.ti,ab
4         Rheumatoid.ti,ab                                                      22         Immuno*.ti,ab
5         “inflammatory arthritis”.ti,ab                                  23         17 OR 18 OR 19 OR 20 OR 21 OR 22 OR 23
6         1 OR 2 OR 3 OR 4 OR 5                                         24         Exp *JOINT SURGERY/
7         Exp *NUCLEAR MAGNETIC                              25         Exp *ARTHROSCOPY
           RESONANCE IMAGING/
8         (magnetic AND resonance AND imaging).ti,ab      26         Exp*BIOPSY/
9         MRI.ti,ab                                                                  27         Exp*JOINT/
10       DCE.ti, ab                                                                28         Surgery.ti,ab
11       (magnetic AND resonance AND imag*).ti,ab         29         Arthroscopy.ti,ab
12       7 OR 8 OR 9 OR 10 OR 11                                     30         Joint.ti,ab
13       6 AND 12                                                                 31         Biopsy.ti,ab
14       Exp *SYNOVITIS/                                                 32         24 OR 25 OR 26 OR 27 OR 28 OR 29 OR 30
15       Synovi*, ti.ab                                                           33         16 AND 23 AND 32
16       14 OR 15                                                                  34         13 AND 33
17       Exp *PATHOLOGY/                                               34         [Limit to: Human and English Language]
18       Exp *HISTOPATHOLOGY/                                                

RA: rheumatoid arthritis; MRI: magnetic resonance imaging; DCE: dynamic contrast-enhanced.

Figure 1. PRISMA flow chart presenting the results of the search strategy. PRISMA: Preferred
Reporting Items for Systematic reviews and Meta-Analyses; RA: rheumatoid arthritis; MRI:
magnetic resonance imaging.

 Journal of Rheumatology
The on September 2, 2017 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


1314 The Journal of Rheumatology 2017; 44:9; doi:10.3899/jrheum.161314

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2017. All rights reserved.

Ta
ble

 2.
Su

mm
ary

 of
 stu

die
s d

ire
ctly

 co
rre

lati
ng 

MR
I fe

atu
res

 wi
th 

syn
ovi

al p
ath

obi
olo

gy:
 M

RI
 ch

ara
cte

ris
tics

.

Stu
dy

     
     

     
    

     
     

     
    D

esc
rip

tio
n  

     
     

     
    

     
     

    
  E

arl
y v

s   
  S

yno
via

l S
am

pli
ng

    
    

Tim
e f

rom
 M

RI
    

   C
onc

om
itan

t  
    

    
  Jo

int
 As

ses
sed

    
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

MR
I   

    
    

    
    

    
    

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

    
  E

st R
A 

    
   T

ech
niq

ue/
joi

nt 
    

    
    

  to
 Sy

nov
ial 

    
  D

MA
RD

/ste
roi

d  
    

   b
y M

RI
/bi

op
sy 

    
    

    
    

    
   F

eat
ure

 Sc
ore

d  
     

    
    

   A
cqu

isit
ion

    
    

    
As

ses
sm

ent
 

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

    
    

    
    

     
    

    
   S

am
ple

d  
    

    
    

    
    S

am
pli

ng
    

  T
her

apy
 Co

ntr
oll

ed?
  S

ite 
Pre

det
erm

ine
d 

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
 by

 M
RI

 Im
age

?   
    

    
    

    
    

    
    

    
    

    
     

     
     

    
    

    
    

    
    

    
    

    
    

    
     

Ko
nig

, et
 al

30
     

     
     

 Ca
se-

con
tro

l cr
oss

-se
ctio

nal
    

     
     

    
    

    
  E

st 
     

    
Ar

thr
osc

opi
c a

nd 
    

     
    

  3
 we

eks
    

    
     

    
 No

/no
    

     
    

    
    

 Kn
ee 

yes
    

     
     

    
    

  S
yn

ov
ial 

me
mb

ran
e, 

    
    

  1
.5T

 + 
con

tra
st 

    
    

 DC
E w

ith
 

     
     

     
     

     
  st

udy
of 

20 
RA

 an
d 2

 co
ntr

ols
 (O

A)
.   

     
     

    
    

    
    

     
   a

rth
rop

las
tic/

kne
e  

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

joi
nt 

cap
sul

e, h
yal

ine
    

    
    

    
     

     
    

    
    

    
 RO

I a
nal

ysi
s

     
     

     
     

    
    8

 pt
s w

ith
 pa

ire
d M

RI 
and

 sy
nov

ial 
     

     
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

     
    

  ca
rtil

age
, su

bch
on

dra
l b

on
e

     
     

     
     

    
   t

iss
ue 

dat
a. M

ain
 aim

 of
 stu

dy 
wa

s to
    

     
     

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
  m

arr
ow

, ju
xta

art
icu

lar
 

     
     

     
   c

om
par

e T
1 a

nd 
con

tra
st-e

nha
nce

d T
2-w

eig
hte

d  
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
  m

usc
le t

iss
ue,

 pa
nn

us
     

     
     

     
     

MR
I im

age
s w

ith
 hi

sto
log

ica
l ev

ide
nce

 
     

     
     

     
     

     
     

    
     

   o
f sy

no
vit

is.
     

     
     

     
     

     
    

    
    

    
    

    
     

    
    

   
    

    
    

    
     

    
    

    
 

Tam
ai, 

et 
al21

     
     

     
     

Cro
ss-

sec
tio

nal
 stu

dy 
of 

     
     

     
     

    
    

  E
st 

    
    

Ar
thr

opl
ast

ic/k
nee

    
    

     
 1–

15 
day

s   
No

/in
tra

art
icu

lar
 ste

roi
d  

    
  K

nee
/ye

s  
    

    
    

    
     

     
    

 Sy
no

vit
is 

    
    

    
    

   1
.5T

 + 
con

tra
st 

     
     

   D
CE

     
     

     
     

    
     

  9 
RA

. T
o c

lar
ify

 wh
eth

er 
sig

nal
    

     
     

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
   f

or 
3 m

os 
pri

or 
to 

stu
dy

     
     

     
     

     
    

 en
han

cem
ent

 in
 dy

nam
ic M

RI
 is 

    
     

     
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

    
    

    
   i

ncl
usi

on 
or 

dur
ing

 in
ter

val
     

     
     

     
     

dep
end

ent
 on

 th
e s

eve
rity

 of
 pa

tho
log

ic 
     

     
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

  b
etw

een
 M

RI
 an

d a
rth

rop
las

ty
     

     
     

     
    

  fi
ndi

ngs
 in

 th
e r

heu
ma

toi
d s

yno
viu

m.
     

     
    

    
    

 
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
  w

as 
not

 pe
rm

itte
d. 

    
    

    
    

   
Ga

ffn
ey,

 et 
al24

     
     

     
    

Cro
ss-

sec
tio

nal
 stu

dy
    

     
    

     
     

    
    

  E
st 

    
    

    
 Bl

ind
 ne

edl
e  

    
    

    
    J

ust
 pr

ior
*  

    
    

     
 No

/no
    

     
     

    
    

 Kn
ee/

no
    

    
    

    
    

    
    

    
  S

yn
ov

itis
    

    
    

    
    

0.5
T +

 co
ntr

ast
    

    
    

  D
CE

    
     

     
     

     
    

 of
 21

 RA
 to

 de
vel

op 
a m

eth
od 

for
    

     
     

    
    

    
    

     
     

    
bio

psy
/kn

ee
     

     
     

     
     

    
     

 qu
ant

ify
ing

 ac
ute

 sy
nov

ial 
     

    
     

     
     

     
  in

fla
mm

atio
n i

n R
A u

sin
g M

RI.
     

     
     

    
    

    
 

Ga
ffn

ey,
 et 

al25
     

     
  C

ros
s-s

ect
ion

al s
tud

y o
f  

     
     

     
     

    
    

 Es
t   

    
    

   B
lin

d n
eed

le 
    

    
    

    
 Ju

st p
rio

r*
    

    
    

    
No

/no
    

    
    

     
    

  K
nee

/no
     

    
    

    
    

    
    

    
 Sy

no
vit

is 
     

    
    

    
  0

.5T
 + 

con
tra

st 
    

    
    

 DC
E

     
     

     
     

     
     

21 
RA

. T
o d

eve
lop

 a q
uan

tita
tiv

e  
     

     
    

    
    

    
    

    
    

    
bio

psy
/kn

ee
     

     
     

     
     

     
 tec

hni
que

 fo
r a

sse
ssi

ng 
syn

ovi
al 

     
     

     
     

     
     

 va
scu

lar
ity

 ba
sed

 up
on 

con
tra

st-
     

    
     

     
     

     
     

     
     

enh
anc

ed 
MR

I.  
     

     
     

     
     

    
     

    
 

Os
ter

gaa
rd,

 et 
al22

  C
ros

s-s
ect

ion
al s

tud
y o

f 1
7 R

A  
     

     
    

    
    

  E
st 

    
    

  A
rth

ros
cop

ic o
r   

    
    

     
1–2

5 d
ays

    
    

    
    

 No
/no

    
    

     
     

    
Kn

ee/
yes

    
     

    
    

    
    

  S
yn

ov
ial 

vo
lum

e  
    

    
    

1.5
T +

 co
ntr

ast
   S

tati
c (

qu
ant

itat
ive

     
     

     
     

    
     

and
 25

 OA
 jo

int
s. T

o e
val

uat
e th

e   
     

     
    

    
    

    
    

     
 ar

thr
opl

ast
ic/k

nee
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
    

     
     

   a
sse

ssm
ent

)
     

     
     

     
     

     
   r

ela
tio

nsh
ip 

bet
we

en 
syn

ovi
al 

     
     

     
     

     
     

   m
em

bra
ne 

and
 jo

int
 ef

fus
ion

 
     

     
     

     
     

     
   v

olu
me

s d
ete

rm
ine

d b
y M

RI 
     

     
     

     
     

    a
nd

 m
acr

osc
opi

c a
nd 

mi
cro

sco
pic

 
     

     
     

     
     

     
    s

yno
via

l p
ath

olo
gic

 fin
din

gs
     

     
    

     
     

     
     

   i
n p

ts w
ith

 RA
 an

d O
A.

     
     

     
     

    
    

    
  

Os
terg

aar
d, e

t a
l23 

    Cro
ss-

sec
tio

nal
 stu

dy
 of

 17
 RA

    
    

     
     

    
    

Est
    

    
   A

rth
ros

cop
ic o

r   
    

    
     

1–2
5 d

ays
    

    
    

    
 No

/no
    

    
    

    
     

 Kn
ee/

yes
    

    
    

    
    

    
    

    
 Sy

no
vit

is 
    

    
    

    
   1

.5T
 + 

con
tra

st 
  S

tati
c (

qu
ant

itat
ive

     
     

     
     

     
and

 25
 OA

 jo
int

s. T
o e

val
uat

e d
yna

mi
c   

     
     

    
    

    
    

    
  ar

thr
opl

ast
ic/k

nee
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
ass

ess
me

nt)
 an

d D
CE

     
     

     
     

     
 as

 we
ll a

s s
tati

c G
d-e

nha
nce

d M
RI 

as 
     

     
     

     
    

    m
eas

ure
s o

f sy
no

via
l in

fla
mm

atio
n 

     
     

     
     

 in
 ar

thr
itis

, by
 co

mp
ari

son
 wi

th 
ma

cro
sco

pic
 

     
     

     
     

     
  an

d m
icr

osc
op

ic s
yno

via
l p

ath
olo

gy.
     

     
    

    
    

  
Ve

ale
, et

 al
37

     
     

     
     

RC
T o

f 1
3 R

A w
ith

 ac
tiv

e   
     

     
     

     
     

  E
st 

    
    

Ar
thr

osc
opi

c/k
nee

    
    

     
 Sa

me
 da

y  
    

    
Ye

s/y
es,

 sta
ble

    
    

    
   K

nee
/ye

s  
    

    
    

    
    

    
    

   S
yn

ov
itis

    
    

    
    

    
1.5

T +
 co

ntr
ast

    
    

    
  D

CE
     

     
     

     
     

   r
esi

sta
nt 

kne
e s

yn
ovi

tis 
ran

dom
ize

d  
     

     
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
DM

AR
D/

ste
roi

d d
ose

s
     

     
     

     
     

     
    t

o i
ntr

aar
ticu

lar
 in

jec
tio

n o
f   

     
     

     
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

   f
or 

3 m
os 

pri
or

     
     

     
     

     
pla

ceb
o, 0

.4 m
g o

r 4
0 m

g o
f a

nti
-CD

4. 
     

     
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
     

to 
stu

dy 
ent

ry
     

     
     

    
     

     
Un

der
we

nt 
MR

I a
nd 

bas
elin

e a
nd

 
     

     
     

     
    

     
     

   D
ay 

42 
syn

ovi
al b

iop
sy.

     
     

     
     

    
    

    
    

    
    

    
    

    
    

   
    

    
    

    
    

    
     

    
 

 Journal of Rheumatology
The on September 2, 2017 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


1315Humby, et al: MRI, synovitis, pathobiology

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2017. All rights reserved.

Ta
ble

 2.
Co

nti
nue

d.

Stu
dy

     
     

     
     

     
     

    
    D

esc
rip

tio
n  

     
     

     
     

     
     

    
 Ea

rly
 vs

    
 Sy

nov
ial 

Sam
pli

ng
    

    
Tim

e f
rom

 M
RI

    
   C

onc
om

itan
t  

    
    

  Jo
int

 As
ses

sed
    

     
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

MR
I   

    
    

    
    

    
    

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
   E

st R
A 

    
   T

ech
niq

ue/
joi

nt 
    

    
    

  to
 Sy

nov
ial 

    
  D

MA
RD

/ste
roi

d  
    

   b
y M

RI
/bi

ops
y  

    
    

    
    

    
  F

eat
ure

 Sc
ore

d  
    

     
     

  A
cqu

isit
ion

     
    

   A
sse

ssm
ent

 
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
    

    
     

    
    

    
Sam

ple
d  

    
     

     
    

  S
am

pli
ng

    
  T

her
apy

 Co
ntr

oll
ed?

  S
ite 

Pre
det

erm
ine

d 
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

  b
y M

RI
 Im

age
?

Os
ten

do
rf, 

et 
al26

    
Cr

oss
-se

ctio
nal

 stu
dy 

of 
22 

RA
.   

     
     

    
    

  E
arl

y  
    

 M
ini

 ar
thr

osc
opy

/   
    

    
    

   2
4 h

    
    

    
    

    
 No

/no
    

    
    

    
     

  M
CP

/no
    

    
    

     
     

     
Sy

no
via

l v
olu

me
,   

     
     

 1.5
T +

 co
ntr

ast
    

  S
Q a

sse
ssm

ent
, 

     
     

     
     

     
 Ai

m 
wa

s to
 ev

alu
ate

  M
RI 

fin
din

gs 
in 

     
    

(< 
1.5

 yr
, 9

 pt
s) 

     
   M

CP
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

   s
yn

ov
ial 

act
ivi

ty, 
eff

usi
on

,   
    

    
    

    
    

    
    

     
0–

3, 
of 

eac
h o

f 7
     

     
     

     
     

     
    t

he 
MC

P j
oin

ts o
f p

ts w
/RA

    
     

     
    

  +
 Es

t (1
3 p

ts)
    

    
    

    
    

    
    

    
     

     
     

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
     

     
     

    
    

  jo
int

 sp
ace

 na
rro

win
g, 

    
     

     
    

    
    

    
    

    
  M

RI 
var

iab
les

     
     

    
     

     
ma

cro
sco

pic
ally

 us
ing

 m
ini

art
hro

sco
py.

     
     

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

   b
on

y a
lter

atio
ns,

 
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
   t

eno
syn

ov
itis

, B
ME

    
    

    
     

     
    

    
    

    
    

    
    

    
 

Tak
ase

, et
 al

27
     

     
 Cro

ss-
sec

tio
nal

 stu
dy

of 
10

 RA
    

    
     

     
    

    
Est

    
    

 Ar
thr

opl
ast

ic/k
nee

    
    

    
    

  2
4 h

    
    

    
    

     
No

/no
    

    
    

    
   K

nee
/bi

ops
y  

    
    

    
    

    
    

    
Sy

no
vit

is 
    

    
    

    
   1

.5T
 + 

con
tra

st 
    

   O
ME

RA
CT

- 
     

    
     

     
     

  an
d 5

 OA
. T

o s
im

ult
ane

ous
ly 

exa
mi

ne 
     

     
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

    
  si

te d
ete

rm
ine

d b
y  

    
    

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
  R

AM
RIS

 SQ
, 0

–3
     

     
     

     
     

 US
, M

RI,
 an

d h
isto

pat
hol

ogy
 of

 jo
int

    
     

     
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

 pr
eop

era
tiv

e U
S s

can
     

     
     

    
     

  le
sio

ns 
in 

RA
 or

 OA
 pt

s w
ho 

req
uir

ed 
     

     
     

     
     

     
     

   k
nee

 jo
int

 ar
thr

op
las

ty.
     

     
     

     
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

     
     

     
    

 
Ax

els
en,

 et 
al28

     
 Cr

oss
-se

ctio
nal

 stu
dy 

of 
17 

RA
.   

     
    

     
    

    
Est

    
    

 Ar
thr

opl
ast

ic/k
nee

    
    

    
  0

–25
 da

ys 
    

    
    

    
No

/no
    

    
    

    
    

  K
nee

/ye
s  

    
    

    
    

    
    

    
   S

yn
ov

itis
    

    
    

    
    

    
   1

.5T
 + 

    
   D

CE
 (se

mi
aut

om
atic

 
     

     
     

    
   T

o d
ete

rm
ine

 wh
eth

er 
DC

E-M
RI 

eva
lua

ted
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
     

    
    

    
    

    
    

    
    

    
    

   c
on

tra
st 

    
     

  qu
ant

ific
atio

n)
     

     
     

     
     

usi
ng 

sem
iau

tom
atic

 im
age

 pr
oce

ssi
ng 

     
     

     
     

     
     

  so
ftw

are
 ca

n a
ccu

rat
ely

 as
ses

s 
     

     
     

     
   s

yno
via

l in
fla

mm
atio

n i
n R

A k
nee

 jo
int

s. 
     

     
    

    
    

    
    

    
    

    
    

Bu
ch,

 et 
al33

     
     

     
 Pr

osp
ect

ive
 co

hor
t st

ud
y  

     
     

     
     

    
    

 Es
t   

    
  A

rth
ros

cop
ic/k

nee
    

    
    

   0
–2 

day
s  

    
     

Ye
s/y

es,
 sta

ble
    

    
     

   K
nee

/no
    

    
    

    
    

    
    

    
  S

yn
ov

itis
    

    
    

    
    

1.5
T +

 co
ntr

ast
    

    
    

  D
CE

     
     

     
     

     
(in

ter
ven

tio
nal

 op
en-

lab
el c

lin
ica

l tr
ial)

    
     

     
     

    
    

    
    

    
    

    
    

    
    

     
     

     
    

    
    

    
    

 do
ses

 of
 DM

AR
D 2

8 d
ays

    
    

    
    

    
    

    
    

    
     

     
     

    
    

   
     

     
     

     
     

 of
 16

 TN
Fi-

res
ista

nt 
RA

 pt
s. M

RI 
and

    
     

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
pri

or 
to 

inc
lus

ion
/ lo

w d
ose

    
     

     
     

     
     

syn
ovi

al b
iop

sy 
we

re 
per

for
me

d a
t   

     
     

     
     

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
cor

tico
ste

roi
ds 

per
mi

tted
.   

    
    

   
    

     
     

     
    b

ase
lin

e a
nd 

16 
we

eks
 fo

llo
wi

ng 
IV

 AB
A 

     
     

     
     

    
    

    
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
 

    
     

     
     

     
     

the
rap

yt
o d

ete
rm

ine
 th

e s
yno

via
l

     
     

     
     

     
     

     
     

    
eff

ect
 of

 AB
A.

     
     

     
     

     
     

    
    

   
Ki

rkh
am

, et
 al

38
     

   P
ros

pec
tiv

e c
oho

rt s
tud

y o
f   

     
     

    
     

Ea
rly

 (3
4%

    
  A

rth
ros

cop
ic/

    
    

    
  B

ase
lin

e s
tud

y  
    

    
   N

o/n
o  

    
    

    
    

    
 2n

d–5
th 

    
    

    
    

    
    

    
  B

one
 er

osi
on

    
    

    
    

    
    

 1.
5T

    
    

    
    

OM
ER

AC
T-

     
    

     
     

     
     

 60
 pt

s w
/RA

. T
o e

xpl
ain

 th
e w

ide
    

     
     

 < 
2 y

rs)
 + 

Est
    

    
    

kne
e   

     
     

     
    

 as
ses

sm
ent

s  
    

    
    

    
    

     
     

    
    

   M
CP

 jo
int

s/n
o  

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
  R

AM
RIS

 M
RI 

sco
re

     
     

     
     

     
var

iab
ilit

y i
n j

oin
t d

am
age

 pr
ogr

ess
ion

 
    

     
     

     
     

fro
m 

me
asu

res
 of

 pa
tho

log
ic c

han
ges

 in
 

     
     

     
     

     
     

     
  th

e s
yno

via
l m

em
bra

ne.
     

     
     

     
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

   
Vo

rde
nbä

um
en,

 et 
al31

   C
ros

s-s
ect

ion
al s

tud
y o

f   
    

     
     

     
    

    
 NA

    
    

Ar
thr

osc
opi

c/M
CP

    
  U

p t
o 1

 we
ek 

pri
or 

    
  P

art
ial 

all 
    

    
    

     
MC

P2
/N

o  
    

    
    

    
    

    
    

  S
yn

ov
itis

    
    

    
    

    
  3

T +
 co

ntr
ast

    
    

    
    

DC
E

     
     

     
     

     
   9

 pt
s. T

he 
obj

ect
ive

 wa
s to

 an
aly

ze 
     

    
     

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

    
    

     
  p

ts M
TX

,
     

     
     

     
     

     
wh

eth
er 

MR
I sy

no
vit

is r
ela

tes
 to

    
     

     
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

    
    

     
   +

 6 
pts

 
     

     
     

     
     

     
 hi

sto
log

ica
l si

gns
 of

 sy
nov

itis
 in

    
     

     
     

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

     
    

    
    

    
    

  b
iol

ogi
c/N

A
     

     
     

     
    

     
     

     
    s

ma
ll R

A j
oin

ts.
     

     
     

     
     

     
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

  
Vor

den
bäu

me
n, e

t al
35

     
Cro

ss-
sec

tio
nal

 stu
dy

 of
    

     
    

     
     

    
    

NA
    

    
Ar

thr
osc

opi
c/M

CP
    

  U
p t

o 1
 we

ek 
pri

or 
   P

art
ial,

 all
 on

    
    

Do
mi

nan
t M

CP
/no

    
    

    
    

    
Sy

no
vit

is/B
ME

/   
    

    
     

3T
 + 

con
tra

st 
    

    
   R

AM
RIS

     
     

     
     

     
     

     
 10

 pt
s to

 an
aly

ze 
wh

eth
er 

     
     

    
     

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

  M
TX

 +/
    

    
    

    
    

    
    

    
    

    
     

     
     

    
    

    
   e

ros
ion

     
    

    
    

    
 (6

 pt
s), 

0.2
T +

    
     

     
    

 
     

     
     

    
     

     
     

   s
yno

via
l m

ark
ers

 wi
thi

n  
     

     
     

     
    

    
     

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
   a

dal
im

um
ab/

NA
    

    
    

    
    

    
    

    
    

    
     

     
     

    
    

    
    

    
    

    
    

    
    

   c
on

tra
st (

4 p
ts)

     
     

     
     

     
     

     
an 

MC
P j

oin
t re

fle
ct g

lob
al 

     
     

     
     

     
     

dis
eas

e a
ctiv

ity
 m

eas
ure

s in
 RA

.   
     

     
    

    
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
    

    
 

An
and

ara
jah

, et
 al

32
   R

etr
osp

ect
ive

 co
hor

t st
udy

    
     

     
     

    
    

  E
st  

    
   A

rth
rop

las
tic/

kne
e, 

    
    

 1–
4 m

os 
pri

or 
     

    
    

No
/no

    
    

     
 Kn

ee 
(5)

, w
ris

t (5
),  

     
     

   S
yn

ov
ial 

pro
life

rat
ion

,   
    

   1
.5T

 + 
con

tra
st 

    
  S

Q s
cor

e, 0
–3

     
     

    
     

     
     

   o
f 1

5 p
ts r

ecr
uit

ed 
to 

exa
mi

ne 
     

     
     

    
     

     
    

    
    

wr
ist,

 hi
p, 

elb
ow

,   
    

     
     

     
    

    
    

    
    

    
    

    
    

    
     

    
  h

ip 
(2)

, el
bow

 (2
),  

    
    

    
    

   B
ME

, ef
fus

ion
,   

    
    

    
    

    
     

     
    

    
    

    
    

    
 

     
     

     
     

     
     

     
 wh

eth
er 

RA
 pt

s w
ho 

me
et 

     
     

     
     

    
    

    
     

     
    

    
   t

hum
b  

     
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

  th
um

b (
1)/

no
    

    
    

     
    

    
    

   e
ros

ion
    

    
    

    
    

    
     

     
     

     
     

    
     

     
     

 re
mi

ssi
on 

cri
ter

ia m
ani

fes
t 

     
     

     
     

     
     

   i
nfl

am
ma

tor
y s

yno
vit

is. 
7 p

ts 
     

     
     

     
     

     
     

     
inc

lud
ed 

wit
h p

air
ed 

     
     

     
     

     
     

     
     

MR
I/sy

nov
ial 

tiss
ue.

     
     

    
     

     
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
 

 Journal of Rheumatology
The on September 2, 2017 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


1316 The Journal of Rheumatology 2017; 44:9; doi:10.3899/jrheum.161314

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2017. All rights reserved.

Ta
ble

 2.
Co

nti
nue

d.

Stu
dy

     
     

     
     

     
     

     
   D

esc
rip

tio
n  

    
     

     
     

     
    

    
   E

arl
y v

s   
  S

yno
via

l S
am

pli
ng

    
    

Tim
e f

rom
 M

RI
    

   C
onc

om
itan

t  
    

    
  Jo

int
 As

ses
sed

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

MR
I   

    
    

    
    

    
    

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
   E

st R
A 

    
   T

ech
niq

ue/
joi

nt 
    

    
    

  to
 Sy

nov
ial 

    
  D

MA
RD

/ste
roi

d  
    

   b
y M

RI
/bi

ops
y  

    
    

    
    

    
  F

eat
ure

 Sc
ore

d  
    

    
    

    A
cqu

isit
ion

    
     

   A
sse

ssm
ent

 
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

    
    

    
     

    
    

    
Sam

ple
d  

    
    

    
     

   S
am

pli
ng

    
  T

her
apy

 Co
ntr

oll
ed?

  S
ite 

Pre
det

erm
ine

d 
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

    
    

  b
y M

RI
 Im

age
?

Pa
ram

art
a, e

t a
l29

    C
ros

s-s
ect

ion
al s

tud
y i

n 4
1 p

ts 
     

    
     

    
    

 Ea
rly

    
    

Mi
ni-

art
hro

sco
py/

     
    

   N
ot 

rep
ort

ed 
    

    
    

 Ye
s/y

es 
     

     
    

 Kn
ee,

 an
kle

/no
     

    
    

    
   S

yn
ov

itis
, en

the
siti

s   
    

    
 1.

5T
 + 

con
tra

st 
    

  S
Q s

cor
e, 0

–3
     

     
     

     
     

    
  (2

0 R
A, 

13 
Sp

A, 
8 o

the
r)a

im
ed 

     
     

     
  (

< 1
2 m

os)
    

    
kne

e, a
nkl

e  
     

    
    

    
    

    
     

     
     

    
     

    t
o c

om
par

e th
e p

res
enc

e a
nd 

ext
ent

 
     

     
     

     
     

    
of 

syn
ovi

tis 
and

 en
the

siti
s in

 ea
rly

 
     

     
     

     
     

 un
tre

ate
d S

pA
 an

d R
A b

y p
air

ed 
MR

I 
     

     
     

     
     

     
   a

nd 
syn

ovi
al h

isto
pat

hol
ogy

.   
     

     
     

    
    

    
    

    
    

    
    

    
   

Ke
nne

dy,
 et 

al34
     

     
 Pro

spe
ctiv

e c
oh

ort
 stu

dy
 of

    
     

     
     

    
    

  E
st 

    
   N

eed
le a

rth
ros

cop
y/ 

     
   2

4–7
2 h

r p
rio

r  
    

    
   N

o/n
o  

    
    

    
    

    
 Kn

ee/
no

    
    

     
    

    
    

    
    

 Sy
no

vit
is 

    
    

    
    

   1
.5T

 + 
con

tra
st 

    
  D

CE
 SQ

, 0
–3

     
     

     
     

     
    1

6 R
A a

nd 
4 P

sA
. T

he 
aim

 wa
s to

    
     

     
    

    
    

    
     

    
    

    
  k

nee
     

     
     

     
     

  co
mp

are
 th

e e
ffe

ct o
f T

NF
-bl

ock
ing

     
     

     
     

   
the

rap
y o

n h
yp

oxi
a in

 vi
vo,

 m
acr

osc
op

ic 
     

     
     

     
    

    a
nd 

mi
cro

sco
pic

 in
fla

mm
atio

n, 
and

 
    

     
     

     
     

   M
RI 

var
iab

les
 us

ing
 se

que
nti

al M
RI 

     
     

     
     

     
     

     
     

and
 sy

nov
ial 

bio
psy

.   
     

     
     

     
     

    
    

    
    

    
    

    
    

    
Ma

ijer
, et

 al
36

     
     

    
Pro

spe
ctiv

e c
oho

rt s
tud

y  
     

    
     

     
 Ea

rly
 (<

 1 
yr)

    
 Ar

thr
osc

opi
c   

    
     

    
 No

t d
efi

ned
    

   D
MA

RD
-na

ive
/   

     
    

    
 Kn

ee
    

    
    

    
    

    
    

    
    

Sy
no

vit
is 

    
    

    
    

   1
.5T

 + 
con

tra
st  

  D
CE

 (q
uan

tita
tiv

e 
     

     
     

     
     

     
 of

 47
 ea

rly
 ar

thr
itis

 pt
s (1

4 R
A, 

     
     

     
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
not

 de
fin

ed
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

     
     

     
    

    
    

    
    

    
    

    
    

  as
ses

sm
ent

 us
ing

     
     

     
    

     
     

     
22 

unc
las

sifi
ed,

 6 S
pA

, an
d  

     
    

     
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

    
     

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
     

    
    

    
    

    
    

    
    

    
   p

har
m.

 m
od

elin
g)

     
     

     
     

     
     

5 o
the

r a
rth

riti
des

). T
he 

aim
 wa

s 
     

     
     

     
     

 to
 ex

am
ine

 wh
eth

er 
DC

E-M
RI 

can
 be

 
     

     
     

     
     

     
 us

ed 
as 

an 
obj

ect
ive

 m
eas

ure
 of

 
     

     
     

    s
yno

via
l in

fla
mm

atio
n u

sin
g p

har
m.

 m
ode

lin
g. 

     
    

    
    

    
    

    
    

    
    

 

* E
xac

t ti
mi

ng 
not

 sp
eci

fie
d. 

MR
I: m

agn
etic

 re
son

anc
e i

ma
gin

g; 
Est

: e
sta

bli
she

d; 
RA

: rh
eum

ato
id 

art
hri

tis;
 D

MA
RD

: d
ise

ase
-m

odi
fyi

ng 
ant

irh
eum

atic
 dr

ug
; O

A: 
ost

eoa
rth

riti
s; G

d: 
gad

oli
niu

m;
 RC

T: 
ran

do
mi

zed
 co

ntr
oll

ed 
tria

l; M
CP

:
me

tac
arp

oph
ala

nge
al; 

US
: u

ltra
sou

nd;
 DC

E: 
dyn

am
ic c

ont
ras

t-e
nha

nce
d; 

TN
Fi:

 tu
mo

r n
ecr

osi
s fa

cto
r in

hib
ito

r; A
BA

: ab
ata

cep
t; S

pA
: sp

ond
ylo

art
hri

tis;
 Ps

A: 
pso

ria
tic 

art
hri

tis;
 pt

s: p
atie

nts
; N

A: 
no

t av
aila

ble
; M

TX
: m

eth
otr

exa
te; 

BM
E:

bon
e m

arr
ow

 ed
em

a; R
OI

: re
gio

n o
f in

ter
est

; S
Q: 

sem
iqu

ant
itat

ive
; O

ME
RA

CT
: O

utc
om

e M
eas

ure
s in

 Rh
eum

ato
log

y; 
RA

MR
IS:

 Rh
eum

ato
id A

rth
riti

s M
agn

etic
 Re

son
anc

e I
ma

gin
g S

cor
ing

; p
har

m.
: p

har
ma

cok
ine

tic;
 IV

: in
tra

ven
ou

s; .

 Journal of Rheumatology
The on September 2, 2017 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


1317Humby, et al: MRI, synovitis, pathobiology

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2017. All rights reserved.

Ta
ble

 3.
Su

mm
ary

 of
 stu

die
s d

ire
ctly

 co
rre

lati
ng 

MR
I fe

atu
res

 wi
th 

syn
ovi

al p
ath

obi
olo

gy:
 hi

sto
bio

log
ica

l ch
ara

cte
ris

tics
.

Stu
dy

     
     

     
    

     
     

     
     

    
     

     
     

No
. B

iop
sie

s   
     

  M
acr

osc
opi

c A
sse

ssm
ent

    
     

     
    R

out
ine

 H&
E A

sse
ssm

ent
    

    
     

     
     

    
 IH

C A
nal

ysi
s   

    
    

    
  S

yn
ov

ial 
Ge

ne 
    

    
     

     
     

    
  M

ain
 Co

ncl
usi

on
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
    

    
   

of 
Sy

nov
ium

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

    
     

     
    

    
    

    
    

    
    

Ex
pre

ssi
on

 An
aly

sis
    

    
    

    
    

    
    

    
    

   

Ko
nig

, et
 al

30
     

     
     

     
     

     
     

     
   8–1

2 f
rom

 di
ffe

ren
t lo

cat
ion

s  
    

    
    

No
    

    
    

    
     

    
    

Gr
ade

d i
nto

 1 
of 

3 g
rou

ps:
 fib

rou
s,  

    
    

    
    

    
    

    
No

    
     

     
    

    
    

    
    

No
    

    
    

 DC
- M

RI 
is a

ble
 to

 di
stin

gu
ish

 jo
int

 ef
fus

ion
 fro

m
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

    
    

    
     

    
    

    
    

    
    

  sl
igh

tly
 hy

per
vas

cul
ar, 

and
 hy

per
vas

cul
ar 

    
    

    
    

    
    

    
    

    
    

    
     

     
     

    
   

    
     

  h
yp

erv
asc

ula
r p

ann
us 

and
 to

 gr
ade

 th
e v

asc
ula

rity
 of

  
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
 sy

no
vit

is (
on

ly 
des

cri
pti

ve 
sta

tist
ics

 re
po

rte
d)

Tam
ai, 

et 
al21

     
     

     
     

     
     

     
     

    
1 s

am
ple

 fro
m 

eac
h o

f 3
 sit

es 
     

    
    

No
    

    
    

     
    

   8
 hi

sto
log

ica
l fe

atu
res

 as
ses

sed
 SQ

 (0
–3)

    
     

     
    

    
   N

o  
    

    
    

    
    

    
    

    
No

    
    

  R
ate

 an
d d

egr
ee 

of 
sig

nal
 en

han
cem

ent
 wi

th 
dy

nam
ic

     
     

     
     

     
    

     
     

     
     

    
     

  (t
ota

l n
o. n

ot 
def

ine
d)

    
     

    
    

    
    

    
    

    
   f

ibr
in 

exu
dat

ion
, P

MN
 ce

ll i
nfi

ltra
tio

n, 
mo

non
ucl

ear
    

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
im

agi
ng

 sig
nif

ica
ntl

y c
orr

ela
ted

 wi
th 

his
tol

og
ica

l
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
    

    
    

     
     

    
    

  ce
ll i

nfi
ltra

tio
n, 

mu
ltip

lica
tio

n o
f sy

nov
ioc

yte
 lin

ing
    

    
    

    
    

     
     

     
    

    
    

    
    

    
    

    
    

    
     

inf
lam

ma
tio

n (
p <

 0.
05

, M
ann

-W
hit

ney
 U)

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

    
    

    
    

    
     

     
    

    
    

   l
aye

r, v
illo

us 
hyp

ert
rop

hy 
of 

syn
ovi

al s
urf

ace
, 

     
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

    
    

    
    

    
    

     
    

    
pro

life
rat

ion
 of

 bl
ood

 ve
sse

ls, 
for

ma
tio

n o
f g

ran
ula

tio
n

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
   t

iss
ue,

 an
d f

ibr
osi

s  
    

    
    

    
    

     
    

    
    

    
  

Ga
ffn

ey,
 et 

al24
     

     
     

     
     

     
     

     
     

     
     

   No
t d

efi
ned

    
     

    
    

    
    

   N
o  

    
    

    
    

    
  S

Q h
isto

log
ica

l sc
ore

 0–
3, 

3 h
isto

log
ica

l   
    

    
    

    
    

  N
o  

    
    

    
     

    
    

    
   N

o  
    

  R
ate

 of
 sy

no
via

l m
em

bra
ne 

enh
anc

em
ent

 co
rre

late
d w

ith
     

     
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
    

    
    

    
    

    
     

    
    

    
 fe

atu
res

: P
MN

 in
filt

rat
ion

, fi
bri

n, 
and

 hy
per

em
ia 

    
    

    
    

    
    

    
     

     
     

    
    

    
    

    
   h

isto
log

ic f
eat

ure
s o

f ac
ute

 inf
lam

ma
tio

n (
r =

 0.6
3, p

 < 0
.01

)
Ga

ffn
ey,

 et 
al25

     
     

     
     

    
     

     
     

     
No

t d
efi

ned
    

     
    

    
    

    
   N

o  
    

    
    

    
    

    
    

    
    

    
    N

ot 
ass

ess
ed

    
    

    
    

    
    

    
   E

ndo
the

lial
 ce

ll m
ark

er 
    

    
    

    
 No

    
    G

d-D
TP

A–
enh

anc
ed 

MR
I c

orr
ela

tes
 wi

th 
his

tol
og

ica
lly

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

   (
Qb

end
30)

 as
ses

sed
 by

 DI
A 

    
    

     
     

    
    

    
det

erm
ine

d s
yn

ov
ial 

vas
cul

ari
ty 

(r =
 0.

55
, p

 < 
0.0

2)
Os

ter
gaa

rd,
 et 

al22
     

     
     

     
     

     
     

   4
 bi

op
sy 

site
s  

     
     

    
SQ

 m
acr

osc
opi

c  
    

    
 9 f

eat
ure

s:s
ubs

yno
via

l in
filt

rat
ion

 of
 PM

N 
    

    
    

    
    

  N
o  

    
    

    
    

    
     

     
  N

o  
    

    
MR

I-d
ete

rm
ine

d s
yn

ov
ial 

vo
lum

es 
are

 co
rre

late
d w

ith
     

     
    

     
     

     
     

    
     

     
     

     
  (t

ota
l n

o. n
ot 

def
ine

d) 
    

    
    

 as
ses

sm
ent

    
    

     
    

   l
euk

ocy
tes

, su
bsy

nov
ial 

inf
iltr

atio
n o

f  
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

   s
yn

ov
ial 

inf
lam

ma
tor

y a
ctiv

ity
 (r 

= 0
.55

, p
 < 

0.0
01

)
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
    

int
ra-

ope
rat

ive
ly, 

0–3
    

    
  

mo
non

ucl
ear

 leu
koc

yte
s, s

urf
ace

 fib
rin

 
     

     
     

     
     

     
     

     
     

     
     

    
     

     
     

     
     

     
     

    
    

    
    

    
    

     
    

    
    

    
 de

pos
itio

n, 
mu

ltip
lica

tio
n o

f th
e s

yno
via

l li
nin

g, 
     

     
     

     
    

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

     
     

vil
lou

s h
ype

rtro
phy

 of
 sy

nov
ial 

sur
fac

e, p
rol

ife
rat

ion
 

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
     

     
     

    
    

    
    

    
     

    
    

    
   o

f b
loo

d v
ess

els
, p

eri
vas

cul
ar 

ede
ma

, fo
rm

atio
n o

f 
     

     
     

     
    

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

     
     

    
 gr

anu
lati

on 
tiss

ue,
 an

d f
ibr

osi
s(S

Q s
cor

e 0
–3)

     
     

    
    

    
    

    
    

    
    

    
    

    
    

    
Os

ter
gaa

rd,
 et 

al23
     

     
     

     
     

     
     

     
     

     
4 b

iop
sy 

site
s   

     
    

    
    

    
   N

o  
    

    
    

    
    

    
    

    
Sam

e a
s  O

ste
rga

ard
, et

 al
22

    
    

    
    

    
    

     
    

  N
o  

    
    

    
    

    
    

    
    

No
    

    
     

    
    

    
Ea

rly
 en

han
cem

ent
 ra

te o
f th

e to
tal 

     
     

     
     

     
     

     
     

    
     

     
     

 (t
ota

l n
o. n

ot 
def

ine
d) 

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

syn
ov

ial 
me

mb
ran

e w
as 

sig
nif

ica
ntl

y c
orr

ela
ted

 
    

     
     

     
     

    
     

     
     

     
     

     
     

    
     

     
     

     
     

     
     

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

   w
ith

 hi
sto

log
ic g

rad
e o

f sy
no

via
l in

fla
mm

ato
ry 

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

     
     

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

 ac
tiv

ity
 (r 

= 0
.73

, p
 < 

10
–7

)
Ve

ale
, et

 al
37

    
     

     
     

     
     

     
     

     
     

  1 b
iop

sy 
fro

m 
eac

h s
ite 

Hy
per

em
ia (

0–1
), g

ran
ula

tio
n  

   L
ini

ng 
lay

er 
hyp

erp
las

ia (
SQ

 0–
3) 

     
    

    
    

T c
ells

 [C
D3

, C
D4

    
    

    
    

    
  N

o  
    

    
    

 Th
e m

ost
 sig

nif
ica

nt 
cor

rel
atio

ns 
we

re 
ob

ser
ved

 
     

     
     

     
     

     
     

     
     

    
     

     
 (to

tal 
no.

 no
t d

efi
ned

)(0
–1

), o
r v

illo
us 

hyp
ert

rop
hy 

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

   (
OK

T4
), C

D8
], B

 ce
lls 

    
    

     
    

    
    

    
    

    
    

    
 be

twe
en 

the
 M

RE
 at 

the
 SP

P R
OI

 an
d

     
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

     
  (0

–2)
 + 

ove
ral

l im
pre

ssi
on 

of 
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

(C
D2

0),
 m

acr
oph

age
s  

    
    

     
     

     
    

    
    

    
    

art
hro

sco
pic

 VA
S f

or 
syn

ov
itis

 (r 
= 0

.77
, 

     
     

     
     

    
     

     
     

     
     

     
     

    
     

     
     

     
     

     
     

the
 sy

nov
ial 

inf
lam

ma
tio

n  
    

    
     

     
     

    
    

    
    

    
    

    
    

    
    

     
    

    
    

  (C
D6

8),
 an

d M
HC

    
    

     
    

    
    

    
    

    
    

    
    

 p =
 0.

00
3) 

and
 be

twe
en 

the
 M

RE
 an

d
     

    
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

     
    

    
 VA

S 0
–10

0 m
m 

    
    

    
    

    
    

     
    

    
     

   
    

    
    

    
     

    
    

    
    

  
cla

ss 
II.S

Q a
nal

ysi
s 0

–5
    

    
    

    
    

    
    

    
 i

mm
un

oh
isto

log
ica

l C
D4

 sc
ore

 (r 
= 0

.70
, p

 = 
0.1

1)
Os

ten
dor

f, e
t a

l26
     

     
     

     
     

     
     

     
     

     
   4–6

 bi
ops

ies
    

     
    

  6 
var

iab
les

 (e
xte

nt 
    

    
    

     
  S

yno
via

l h
ype

rpl
asi

a, f
ibr

osi
s, 

    
    

    
    

     
     

    
  N

o  
    

    
    

    
    

    
    

    
No

     
    

    
    

   S
yn

ov
ial 

enh
anc

em
ent

 on
 M

RI 
cor

rel
ate

d 
     

     
     

     
     

     
     

     
     

     
     

    
     

     
 fro

m 
2 p

ts 
     

     
    

    
   o

f sy
nov

itis
,   

     
    

    
    

vas
cul

ari
ty, 

lym
pho

cyt
e a

nd 
str

om
al 

    
    

     
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
  w

ith
 m

ini
art

hro
sco

py
 fin

din
gs 

of 
hy

per
em

ia
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

syn
ovi

al t
hic

ken
ing

,   
    

    
    

    
   c

ell 
inf

iltr
atio

n, 
and

 fib
rin

    
    

    
    

    
     

     
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

   (
p =

 0.
00

38
), a

nd
 va

scu
lar

ity
 (0

.00
58

). 
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
     

     
 hy

per
em

ia, 
pro

life
rat

ion
,   

    
    

    
    

     
     

 d
epo

siti
on

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

   S
yn

ov
ial 

thi
cke

nin
g o

n m
ini

art
hro

sco
py

 wa
s

    
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

     
     

    v
asc

ula
rity

, fi
bro

sis
) +

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

  si
gn

ific
ant

ly 
ass

oci
ate

d w
ith

 sy
no

via
l 

     
     

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

1 i
tem

 ea
ch 

for
 bo

ny 
and

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

   p
rol

ife
rat

ion
 on

 M
RI 

(p 
= 0

.00
63

). 
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
     

     
   c

art
ilag

ino
us 

cha
nge

s  
    

    
    

    
    

    
    

    
    

     
     

     
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

No
 fo

rm
al e

val
uat

ion
 of

 m
icr

oh
isto

log
ica

l
     

     
     

     
     

     
     

     
     

     
     

    
     

     
     

     
     

     
     

    
   (

SQ
 as

ses
sm

ent
, 0

–3)
    

     
     

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
     

    
    

    
    

    
    

    
   

ass
oci

atio
ns 

rep
ort

ed
Tak

ase
, et

 al
27

     
     

     
     

     
     

     
     

     
     

     
     

 No
t d

efi
ned

     
     

     
    

    
    

 No
    

    
    

    
    

    
    

 Sy
nov

itis
 sc

ore
 (in

fla
mm

ato
ry 

cel
l   

    
    

    
 DI

A I
HC

 as
ses

sm
ent

    
    

    
    

    
No

    
    

    
    

   M
RI 

syn
ov

itis
 sig

nif
ica

ntl
y c

orr
ela

ted
 wi

th
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
     

     
    

    
    

    
    

    
     

    
    

    
    

    
    

  in
filt

rat
es,

 sy
nov

ial 
lin

ing
 lay

er 
    

     
    

of 
sub

lin
ing

 m
acr

op
hag

es 
    

    
     

     
    

    
    

    
    

    
    

    
tot

al s
yn

ov
itis

 sc
ore

 (r 
= 0

.48
, 

     
     

     
     

     
     

     
     

     
     

    
     

     
     

     
     

     
     

    
     

    
    

    
    

    
     

    
    

    
    

    
    

    
 th

ick
nes

s +
 va

scu
lar

ity
), S

Q 0
–3

    
    

    
(CD

68)
, ce

ll p
rol

ife
rat

ion
    

    
    

    
    

    
    

    
     

     
    

   p
 < 

0.0
5) 

and
 in

fla
mm

ato
ry 

cel
l 

     
     

     
     

    
     

     
     

     
     

     
     

    
     

     
     

     
     

     
     

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

   (
Ki

67)
, an

d n
eoa

ngi
oge

nes
is (

CD
31

)   
    

    
    

    
    

     
     

    
    

    
inf

iltr
ate

s (0
.47

, p
 < 

0.0
5)

Ax
els

en,
 et 

al28
     

     
     

     
     

     
    4

 (to
tal 

no
. no

t d
efi

ned
)   

    
    

    
    

No
    

    
    

    
    

    
    

    
    

 SQ
 sy

nov
itis

 sc
ore

 (0
–3,

    
    

    
    

    
     

     
     

   N
o  

    
    

    
    

    
    

    
    

No
    

    
    

    
   I

nit
ial 

rat
e o

f e
nh

anc
em

ent
 fro

m 
the

 qu
ick

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
 9 

his
tol

ogi
cal

 fe
atu

res
)   

    
    

     
    

    
    

    
    

    
    

    
    

    
    

     
     

     
    

   
     

     
    

    
    

RO
I a

nd
 th

e p
rec

ise
 RO

I re
vea

led
 hi

gh
 

     
     

     
     

     
     

     
     

     
     

     
     

    
     

     
     

     
     

     
     

    
    

    
    

    
     

     
     

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

 co
rre

lati
on

s w
ith

 th
e g

rad
e o

f h
isto

log
ica

l 
     

     
     

     
    

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

  in
fla

mm
atio

n (
r =

 0.
70

, p
 < 

0.0
01

 an
d

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
r =

 0.
74

, p
 < 

0.0
01

, re
spe

ctiv
ely

)

 Journal of Rheumatology
The on September 2, 2017 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


1318 The Journal of Rheumatology 2017; 44:9; doi:10.3899/jrheum.161314

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2017. All rights reserved.

Ta
ble

 3.
Co

nti
nue

d.

Stu
dy

     
     

     
     

     
     

    
     

     
     

     
    

No
. B

iop
sie

s   
     

  M
acr

osc
opi

c A
sse

ssm
ent

    
    

    
    

  R
out

ine
 H&

E A
sse

ssm
ent

    
    

    
    

    
    

    
IH

C A
nal

ysi
s   

    
    

    
  S

yn
ov

ial 
Ge

ne 
    

    
    

    
    

    
    

 M
ain

 Co
ncl

usi
on

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

   
of 

Sy
nov

ium
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
 Ex

pre
ssi

on
 An

aly
sis

    
    

    
    

    
    

    
    

    
   

Bu
ch,

 et 
al33

     
     

     
    

     
     

     
     

    
     

     
   6

     
     

     
     

    
    

    
    

 No
    

    
     

    
    

    
    

    
    

    
    

    
    

 No
     

     
    

    
    

    
    

    
 T 

cel
ls (

CD
3, 

CD
154

, C
D4

),  
    

   q
RT

-PC
R  

     
    S

ign
ific

ant
 co

rre
lati

on
 be

twe
en 

MR
I sy

no
vit

is
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

  A
PC

 (C
D8

0, 
CD

86)
, B

 ce
lls 

(CD
20

, (I
L-1

, IL
-6,

   
    

    
    

   s
cor

es 
(in

itia
l ra

te o
f e

nh
anc

em
ent

     
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
  C

D7
9),

 sy
nov

ial 
fib

rob
las

ts (
CD

55
),  

 M
MP

-1,
   

     
     

   a
nd

 m
axi

mu
m 

enh
anc

em
ent

) a
nd

 IF
N-

γ
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
  in

tra
cel

lul
ar 

adh
esi

on 
mo

lec
ule

s   
    M

MP
-3,

    
    

    
    

    
wa

s o
bse

rve
d (

r =
 0.

63
 an

d r
 = 

0.7
9, 

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

     
    

    
    

    
    

    
  (

CD
54)

,  m
acr

oph
age

s (C
D6

8) 
and

    
 IF

N-
γ) 

    
    

    
    

    
    

    
     

     
 re

spe
ctiv

ely
)

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
   

CD
11b

+ n
eut

rop
hil

s, m
acr

op
hag

es,
  

     
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

and
 de

ndr
itic

 ce
lls.

 SQ
 as

ses
sm

ent
, 

     
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

 0–
4, 

of 
all 

var
iab

les
 in

 lin
ing

 an
d 

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

     
    

  su
bli

nin
g 

    
    

    
     

    
    

    
 

Kir
kha

m,
 et 

al38
    

     
     

     
     

    
     

     
   3

–4 
(to

tal 
no.

    
     

    
    

    
    

  N
o  

    
    

    
    

    
    

    
    

 SQ
 an

aly
sis

 of
 lin

ing
lay

er 
    

    
    

    
    

     
     

    
 No

    
    

    
    

    
    

     
qR

T-P
CR

    
    

    
   H

isto
log

ic f
eat

ure
s h

ad 
no

 re
lati

on
shi

p t
o  

     
     

     
    

     
     

     
     

    
     

     
     

     
    

 no
t d

efi
ned

)   
     

    
    

    
    

    
    

     
    

    
    

    
    

    
   

thi
ckn

ess
, v

asc
ula

rity
, su

bli
nin

g  
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
 IF

N-
γ, 

    
    

    
    

   d
am

age
 pr

og
res

sio
n. 

mR
NA

 lev
els

 of
     

     
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
    

    
    

    
     

    
    

    
    

    
    

    
    

    
fib

ros
is, 

and
 ce

llu
lar

 in
filt

rat
es 

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

   T
NF

-α,
    

    
   I

L-1
β, 

TN
F-α

, IL
-17

, an
d I

L-1
0 w

ere
 pr

edi
ctiv

e
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

    
    

    
     

    
    

    
    

    
    

    
    

 an
d p

atte
rns

 (p
eri

vas
cul

ar, 
dif

fus
e, 

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

IL-
16

,   
    

     
     

of 
joi

nt 
dam

age
 pr

og
res

sio
n (

mu
ltiv

ari
ate

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
     

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

 or
 fo

cal
 ag

gre
gat

es)
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

 IL
-1β

,   
    

    
    

    
    

   
reg

res
sio

n a
nal

ysi
s, r

2 = 0
.57

)
     

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

     
    

     
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
   I

L-1
7, 

     
     

     
     

     
    

     
     

     
     

    
     

     
     

     
    

     
     

     
     

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
    

  R
AN

KL
, 

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

  an
d I

L-1
0

Vo
rde

nbä
um

en,
 et 

al31
     

     
     

    
     

     
     

6 b
iop

sie
s  

     
     

    
Lim

ited
 to

 di
rec

tio
n  

    
    

    
    

    
    

     
 Kr

enn
 sc

ore
39

     
     

     
     

     
     

     
     

  Su
bli

nin
g C

D6
8 s

cor
e  

     
    

    
    

No
    

    
    

  M
axi

mu
m 

enh
anc

em
ent

 of
 th

e M
CP

 sig
nif

ica
ntl

y 
     

     
    

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

     
    

    
    

 of
 bi

ops
ies

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

  co
rre

late
d w

ith
 su

bli
nin

g C
D6

8 s
tain

ing
 

    
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

     
    

    
    

    
  (r

 = 
0.7

50
, p

 = 
0.0

2) 
and

 sy
no

vit
is s

cor
e 

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
     

     
     

    
    

    
    

    
    

    
 (r 

= 0
.74

3, 
p =

 0.
02

)
Vo

rde
nbä

um
en,

 et 
al35

     
     

     
    

     
     

     
6 b

iop
sie

s   
     

     
    

    
    

    
 No

    
    

    
    

    
    

    
    

    
    

     
Kr

enn
 sc

ore
39

     
     

     
     

     
     

     
     

 Su
bli

nin
g C

D6
8 s

cor
e,  

     
    

    
    

No
    

     
     

 VE
GF

 sta
ini

ng
 co

rre
late

d w
ith

 BM
E (

r =
 0.

67
6, 

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

     
     

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

   V
EG

F, a
nd 

hyp
oxi

a-i
nd

uci
ble

    
    

    
    

     
     

     
    

    
p =

 0.
03

2) 
and

 er
osi

on
 sc

ore
s (r

 = 
0.6

95
, 

     
     

     
    

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
fac

tor
 1α

 (H
IF-

1α
)   

     
     

    
    

    
    

    
    

    
    

     
     

    
  p

 = 
0.0

26
) o

f R
AM

RIS
An

and
ara

jah
, et

 al
32

     
     

     
     

     
     

     
     

   N
A 

     
    

     
    

    
     

    
   N

o  
    

    
    

    
     

    
    

    
 Kr

enn
 sc

ore
39

(m
odi

fie
d)

    
    

    
     

    
    

    
    

    
No

    
    

    
    

     
    

    
    

 No
    

    
     

     
  N

o s
tati

stic
al c

orr
ela

tio
nb

etw
een

 sy
no

via
l 

     
     

    
     

     
     

     
     

     
     

    
     

     
     

     
     

     
     

    
     

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
     

     
     

    
    

    
 sc

ore
s o

n M
RI 

and
 sy

no
via

l h
yp

erp
las

ia o
n h

isto
log

y
Par

am
art

a, e
t a

l29
     

    
     

     
     

     
     

 As
sum

e 6
 bi

ops
ies

    
    

    
    

    
   N

o  
    

    
    

    
    

    
     

    
    

    
    

    
   N

o  
     

    
    

    
    

    
   C

D3
, C

D2
2, 

CD
68,

 CD
16

3, 
vW

F  
    

    
No

    
     

     
  S

ign
ific

ant
 as

soc
iati

on
 be

twe
en 

MR
I sy

no
vit

is 
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

     
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

    
    

    
    

    
     

     
     

    
    

and
 CD

68
+ s

ub
lin

ing
 m

acr
op

hag
e n

um
ber

 
     

    
     

     
     

     
     

     
     

    
     

     
     

     
     

     
     

    
     

     
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

    
     

     
    

    
    

    
    

 in
 RA

/Sp
A (

r =
 0.

68
6, 

p =
 0.

00
1)

Ke
nn

edy
, et

 al
34

     
     

     
     

     
     

     
     

     
     

     
     

     
NA

     
     

     
  S

yno
vit

is a
nd 

vas
cul

ari
ty 

    
    

    
     

    
    

   N
ot 

rep
ort

ed
    

    
    

    
    

    
    

    
   C

D3
, C

D6
8, 

CD
4, 

    
    

    
    

    
 No

    
    

    
  C

han
ge 

in 
MR

I sc
ore

 af
ter

 TN
F b

loc
kin

g t
her

apy
     

     
     

     
    

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

  (V
AS

 0–
100

 m
m)

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
 CD

8, 
CD

20,
 CD

19
, an

d  
    

     
     

     
    

    
    

    
    

  w
as 

sig
nif

ica
ntl

y a
sso

cia
ted

 wi
th 

cha
ng

es
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

     
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    f

act
or 

VI
II/α

SM
A 

    
    

    
    

    
    

    
    

    
    

     
    

in 
ma

cro
sco

pic
 sy

no
vit

is (
p =

 0.
05

6),
 

    
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
    

     
     

     
    

    
    

    
sub

lin
ing

 CD
68

 (p
 < 

0.0
02

), a
nd

 su
bli

nin
g 

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
     

     
     

    
    

    
    

    
  C

D4
 ce

ll n
um

ber
 (p

 = 
0.0

32
)

Ma
ijer

, et
 al

36
     

     
    

     
     

     
     

     
     

   6
 bi

ops
ies

     
     

    
    

    
    

    
No

    
    

    
    

     
    

    
    

    
    

    
    

    
 No

    
    

    
    

    
    

    
    

    
    

    
    

     
 vW

F  
    

    
    

    
    

    
    

   N
o  

     
    

    
    

    
 De

mo
nst

rat
es 

tha
t D

CE
-M

RI 
ph

arm
. 

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

     
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
     

     
     

    
    

   v
ari

abl
es 

dif
fer

 be
twe

en 
dif

fer
ent

 di
agn

ost
ic 

     
     

     
     

     
     

     
     

    
     

     
     

     
    

     
     

     
     

     
     

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

     
     

    
    

    
    

    
    

    
    

    
     

     
     

    
    

    
 ca

teg
ori

es 
and

 co
rre

late
 wi

th 
loc

al (
syn

ov
ial 

vW
F) 

     
     

     
     

     
     

     
     

     
     

     
     

     
    

     
     

     
     

     
     

    
    

    
    

    
     

    
    

    
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

    
    

     
    

    
    

    
    

    
    

    
    

     
     

     
    

    
    

    
 an

d s
yst

em
ic m

ark
ers

 of
 di

sea
se 

act
ivi

ty

MR
I: m

agn
etic

 re
son

anc
e im

agi
ng

; IH
C: 

im
mu

noh
isto

che
mi

cal
; N

A:
 no

t av
aila

ble
; S

Q:
 se

mi
qua

nti
tati

ve;
 VA

S: 
vis

ual
 an

alo
g s

cal
e; P

MN
: p

oly
mo

rph
onu

cle
ar;

 DI
A: 

dig
ital

 im
age

 an
aly

sis
; V

EG
F: 

vas
cul

ar 
end

oth
elia

l g
row

th 
fac

tor
; v

WF
:

von
 W

ille
bra

nd 
fac

tor
; qR

T-P
CR

: qu
ant

itat
ive

 rea
l-ti

me
 PC

R; 
IL-

1: i
nte

rle
uki

n 1
; M

MP
: m

atr
ix m

eta
llo

pro
tea

se;
 IF

N-
γ: i

nte
rfe

ron
-γ;

 TN
F-α

: tu
mo

r n
ecr

osi
s fa

cto
r-α

; R
AN

KL
: re

cep
tor

 ac
tiv

ato
r o

f n
ucl

ear
 fac

tor
-κB

 lig
and

; G
d: g

ado
lin

ium
;

SP
P: 

sup
rap

ate
llar

 po
uch

; p
har

m.
: p

har
ma

cok
ine

tic;
 RO

I: r
egi

on
 of

 in
ter

est
; M

CP
: m

eta
car

pop
hal

ang
eal

; B
ME

: b
one

 m
arr

ow
 ed

em
a; R

AM
RI

S: 
Rh

eum
ato

id A
rth

riti
s M

agn
etic

 Re
son

anc
e I

ma
gin

g S
cor

ing
; R

A: 
rhe

um
ato

id 
art

hri
tis;

 Sp
A:

spo
nd

ylo
art

hri
tis;

 DC
E: 

dy
nam

ic c
ont

ras
t-e

nha
nce

d; A
PC

: an
tig

en-
pre

sen
tin

g c
ell;

 HI
F: 

hyp
oxi

a-i
ndu

cib
le f

act
or;

 M
RE

: m
axi

ma
l ra

te o
f e

nha
nce

me
nt.

 Journal of Rheumatology
The on September 2, 2017 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


327 had RA, 19 spondyloarthropathy, 4 psoriatic arthritis, 55
osteoarthritis, 2 healthy controls, and 35 other arthritic condi-
tions. Eleven studies were cross-sectional observational
studies21–30,31 and 1 study was a retrospective analysis32.
Four studies were prospective open-label clinical trials33,34,35,36,
1 study was a blinded RCT37, and 1 study was a prospective
observational clinical study38. Fifteen studies included
patients only with established RA (although exact disease
duration was not specified in 2 of these studies31,35) and 3
studies specifically included patients with disease duration
of < 2 years26,36,38. Fourteen studies sampled synovium from
the knee joint and 4 studies included samples from small
joints26,31,32,35. Variable methods for synovial sample
retrieval were reported: 7 studies using arthro-
scopy29,31,33,34,36,37,38, 4 arthroplasty21,27,28,32, and 3 using
both22,23,30. Two studies used blind needle biopsy24,25 and 2
miniarthroscopy (Table 2)26,35. Acquisition of images was
performed on a 1.5T MRI scanner with contrast adminis-
tration in 13 studies21,22,23,26,27,28,29,30,32,33,34,36,37 and
without in 1 study38. Two studies used a 0.5T + contrast
administration24,25 and 2 a 3T+ contrast protocol31,35,
although the latter study used a 0.2T scanner in a significant
proportion of patients (4/10) with claustrophobia (Table 2).
Quality assessment of studies. A summary of quality scoring
of studies is provided in supplementary data (Supplementary
Table 4, available from the authors on request). Quality
scores were converted to percentages of the maximum score
within each class of study. The mean (range) quality score
was 56% (25–75) for cross-sectional studies and 68%
(46–93) for cohort studies indicating a broad range of scores.
The 1 RCT had a quality score of 71%.
Synovitis. MRI synovitis can be assessed by static and
dynamic protocols. Subsequent to the acquisition of
T1-weighted images (Figure 2A), static protocols assess the
volume of enhancing synovitis following the administration
of a Gd-based contrast agent (Figure 2B) at a fixed timepoint.
Synovitis volume can then be assessed manually or using a
semiautomated method by outlining the synovial tissue.
Static images can also be assessed using the widely validated
semiquantitative Outcome Measures in Rheumatology
(OMERACT)-Rheumatoid Arthritis Magnetic Resonance
Imaging Scoring (RAMRIS) synovitis score40. Dynamic
contrast-enhanced (DCE)-MRI involves the rapid acquisition
of sequential images during and after administration of
contrast and assesses rate of enhancement of synovial tissue.
Results can be influenced by factors such as synovial
perfusion and capillary permeability; thus, dynamic versus
static protocols may be able to more sensitively reflect local
synovial inflammatory activity41,42.
Does MRI synovitis reflect histopathological inflammation?
Sixteen studies were identified that directly examined the
relationship between the degree of MRI synovitis and local
synovial pathobiology21,22,23,24,26,27,28,29,30,31,32,33,34,35,36,37.
Macroscopic synovitis and MRI synovitis was assessed in 3

studies both semiquantitatively22 and using dynamic MRI
protocols34,37 with all 3 suggesting a significant correlation
between macroscopic and MRI synovitis. Six
studies21,22,23,24,28,31 using dynamic MRI and 3 studies26,27,32
using static MRI protocols also directly examined the
relationship between MRI-determined synovitis and synovial
inflammation assessed microscopically following routine H&E
staining. Eight out of 9 of these studies21,22,23,24,26,27,28,31
concluded that histological inflammation correlated with
either semiquantitative or DCE-MRI synovitis. Although
immunohistochemical analysis of the synovial cell infiltrate
was performed in 7 studies27,29,31,33,35,36,37, only 6 directly
reported the relationship between histological markers and
synovitis with a significant relationship reported between
MRI synovitis and CD4+ T cells37, CD68+ sublining
macrophage number27,29,31, cell proliferation (Ki67)27, and
neoangiogenesis (CD31)27. Three of the 4 studies also
reported a significant relationship between MRI synovitis and
degree of histological vascularity through semiquantitative
assessment of H&E stained tissues30 expression of the neoan-
giogenesis marker CD3127, endothelial cell marker
QBend3025, and von Willebrand factor expression36.
Conversely, Vordenbäumen, et al35 reported no significant
relationship between either sublining macrophage number or
vascular endothelial growth factor (VEGF; an immunhisto-
chemical marker of vascularization) and RAMRIS synovitis.
Does MRI synovitis identify modulation of synovial pathobi-
ology following effective therapeutic intervention? Longi-
tudinal data examining whether MRI is sensitive enough to
detect modulation of histological synovitis following
effective therapeutic intervention was evaluated in 4 studies
incorporating serial MRI scans and paired synovial biopsies.
First, an open-label placebo-controlled study of intraarticular
anti-CD437 reported a significant correlation between MRI
synovitis and macroscopic synovitis with a trend toward
improvement in both histological and MRI synovitis only in
patients receiving active treatment. Second, Buch, et al33 in
a prospective open-label trial reported on the synovial effect
of abatacept in a cohort of 13 patients. Although the study
did not report directly on the relationship between modulation
of MRI synovitis and synovial histology, it did report on the
relationship between synovial gene expression and MRI
synovitis, documenting a significant association between
downregulation of the T cell cytokine interferon-γ and
reduction in MRI synovitis scores in responders to treatment.
Third, a prospective open-label trial of 16 patients with RA
investigated the effect of tumor necrosis factor (TNF)
inhibitor therapy on hypoxia, macroscopic and microscopic
synovial inflammation, and MRI synovitis34. Patients
underwent a baseline needle arthroscopic synovial biopsy and
DCE-MRI of the knee, both of which were repeated 3 months
after starting anti-TNF therapy. The study demonstrated a
significant inverse relationship between hypoxia and clinical
response to anti-TNF therapy. The investigators also looked
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directly and found a significant relationship between macro-
scopic synovitis/vascularity and MRI synovitis. There were
also significant associations demonstrated between falls in
CD4+ T cells and CD68+ sublining macrophages and MRI
synovitis. Finally, Vordenbäumen, et al35 reported results
from 6 patients who underwent sequential metacarpopha-
langeal (MCP) joint biopsy and MRI and found no significant
association between change in sublining macrophage number
and RAMRIS synovitis score, although given the small
sample size the significance of the results is unclear.
    The data identified within our review provides an initial
basis for the use of MRI as a surrogate measure of histo-
logical synovitis. Of particular importance is the relatively
consistent demonstration of a significant relationship between
CD68+ sublining macrophage number and MRI synovitis,
the only current synovial biomarker validated as a measure
of disease activity43. However, it is also important to consider
a number of limitations when interpreting results from these
studies21,22,23,25,26,27,28,29,30,35,37. First, it is now recom-
mended that to overcome significant synovial pathological
heterogeneity, 6 synovial samples from different sites should
be analyzed for large joint procedures44 and 4 for small
joints45. Although 10 studies reported number of synovial
samples retrieved per procedure21,22,23,26,28,30,33,35,37,38, only

4 cohorts reported retrieving 6 or more biopsies30,31,33,35.
Further, only a selected number of studies specified a biopsy
site predetermined by the MRI21,22,23,28,30,37 and so were able
to directly compare local synovial pathology. Synovial
pathology is also influenced by disease course as well as
therapeutic intervention46,47,48 factors that were not routinely
controlled for in a number of studies21,22,23,28,30,32 because a
wide variability in time from MRI assessment to synovial
sampling was reported. In addition, only 2 studies21,29
reported that intraarticular steroid injections were not
permitted in this period and only 3 studies29,33,37 controlled
doses of steroids and DMARD prior to study inclusion. It
should also be noted that the majority of studies identified
harvested synovial tissue from arthroplastic knee joint proce-
dures21,22,23,27,28,30,32, which restricts sampling of tissue to
endstage joints. Indeed, there were only limited data evalu-
ating pathobiology at distinct disease stages from homo-
geneous cohorts, with only 1 study29 including patients
specifically with disease duration of less than 1 year and only
2 studies26,38 including patients with disease duration of less
than 2 years26,38. Importantly, of the 18 studies identified, 13
sampled knee joints, with only 426,31,32,35 examining the
relationship in small joints.
Bone marrow edema. MRI is unique among currently
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Figure 2. Assessment of RA joint abnormalities by magnetic resonance imaging. Coronal T1-weighted (A) image of wrist joint
demonstrating extensive synovial thickening that enhances following administration of gadolinium (B). (C) T2 fat-suppressed coronal
image demonstrating bone marrow edema within the head of the proximal and base of the middle phalanx. (D) Axial T1-weighted
image demonstrating erosions of bone cortex within second and third metacarpal heads. (E) Coronal T1-weighted image of MCP
joints demonstrating significant joint space narrowing within second MCP joint. RA: rheumatoid arthritis; MCP: metacarpopha-
langeal.
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available imaging modalities in its ability to detect BME
(Figure 2C) and although outside the remit of our systematic
review, it is worth noting that BME has been shown to
equate to histological osteitis49. Importantly, the occurrence
of BME has been tightly correlated with the presence of
synovitis50; however, whether BME is driven and/or
maintained by synovial pathobiological signals is unknown
and very limited data examining this relationship were
identified. Takase, et al27 report that in a cohort of 15
patients with RA, no significant relationship between
histopathological changes of inflammation (neoangio-
genesis, inflammatory cell infiltrates, and lining layer
thickness) and MRI BME were found. In a further cohort of
7 patients in clinical remission32, no correlation between
MRI BME and histological synovitis was reported; this is
likely to be explained by the small number of patients within
the study. Finally, in a cohort of 10 patients, Vordenbäumen,
et al35 reported that synovial staining for VEGF significantly
correlated with RAMRIS BME scores in MCP joints.
Certainly, more complex synovial analysis in larger cohorts
at different stages of disease will be required to fully
interpret whether synovial signals are involved or required
in the initiation and/or maintenance of BME.
Bone erosion. MRI has been increasingly recognized as a
more sensitive marker of erosions (Figure 2D) than plain
radiography51. The validation of the OMERACT-RAMRIS
MRI score40 as a robust and sensitive tool to document
presence and/or erosive progression in patients with RA
suggests that incorporating MRI progression data with
synovial pathobiology may reveal important signatures of
disease. In 2 cross-sectional cohorts, Andarajah, et al32
reported in 7 patients with established RA no clear associ-
ation between histological synovitis and erosions32, and
Vordenbäumen, et al35 reported a significant relationship
between synovial VEGF staining and the RAMRIS erosive
score in MCP joints in 10 patients. Interpretation of the
significance of these results is complicated by the small
numbers, the cross-sectional approach, and the lack of
validated MRI erosion score in the former report. However,
in a prospective study of 60 patients, Kirkham, et al38 aimed
to examine whether synovial pathobiology could explain
joint damage progression, as assessed by progression in the
OMERACT-RAMRIS score52. Although the authors
identified no specific synovial histological features, using
multivariate analysis of gene expression they identified inter-
leukin (IL)-1, TNF-α, IL-17, and IL-10 as predictive of joint
damage progression. The study had a number of limitations:
(1) a wide range of disease durations in patients recruited to
the study, (2) lack of control of concomitant dis-
ease-modifying therapies, and (3) joint damage progression
in the small joints of the hands was related to distant synovial
sampling sites in the knee. Notwithstanding this, the report
is highly instructive in identifying synovial mediators of joint
damage progression and it remains important, therefore, to

validate the results in further larger cohorts of therapy-naive
patients with early RA.
Cartilage loss. Cartilage loss in RA can be assessed by
documenting joint space narrowing (JSN) on plain
radiographs as well as MRI (Figure 2E). However, no data
were identified within this systematic review to examine the
relationship between cartilage loss and synovial patho-
biology.

DISCUSSION
MRI has significant advantages over other imaging
techniques for patients with RA; it does not expose patients
to ionizing radiation, it can sensitively detect synovitis,
erosions, and JSN, and is unique in its capacity to detect
BME. This differentiates MRI from ultrasound, which,
although it is a sensitive measure of histological synovitis53,
cannot detect BME and does not have validated outcome
measures for cartilage loss or bone erosion. The clinical
studies identified in this review indicate a significant
relationship between histological and MRI evident synovitis,
which is important to validate MRI as a tool to reliably assess
synovitis without the need for invasive biopsy. Further, from
the limited data available, a critical role for synovial
pathways at least in driving joint damage38 seems likely but
requires more extensive validation. However, overall the data
provide limited information on the specific synovial patho-
biological processes driving MRI abnormalities in RA.
    Although the past decade has seen tremendous advances
in the care of patients with RA, considerable challenges
remain. These include (1) specificity/sensitivity of current
diagnostic/classification criteria for RA, (2) prediction of
prognosis following diagnosis of RA, and (3) limited
biomarkers of response/resistance to biologic drugs. What is
required is a move toward an era of personalized medicine
for patients with RA with targeted treatment pathways from
diagnosis, but this is only possible if critical pathways
mediating both disease pathogenesis and clinical response to
therapy are further elucidated. What our review highlights is
the need to validate the relationship between synovial patho-
biology and MRI abnormalities at the single joint level both
in well-defined early and established RA cohorts and within
clinical trial protocols of established and novel biologic
drugs. This is particularly important because historical limita-
tions such as the lack of sensitivity of clinical examination
and radiographic assessment to detect synovitis and joint
damage progression/cartilage loss, respectively, are largely
overcome by the advent of a robust validated MRI score
capable of assessing synovitis and erosion40 and potentially
BME and cartilage loss54. Further, the advent of techniques
such as ultrasound-guided synovial biopsy (Figure 3) that
provide a technically simple, minimally invasive approach to
tissue acquisition from small as well as large joints55, and
more recent techniques to rapidly and simultaneously
examine the expression of multiple genes, are likely to
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overcome challenges in sampling tissue from previously
inaccessible joints and variability in histological assessment
of synovial tissue.
    Overall, the data identified within our systematic review
validate MRI as a tool to assess synovitis, but very limited
data directly examining the link between synovial patho-
biology and joint damage/cartilage loss and BME were
identified. Future research should focus on clinical trial
protocols integrating synovial sampling with MRI imaging
at different stages of disease to dissect critical synovial
pathways mediating RA pathogenesis. Although under-
standing the interrelationship of these disease biomarkers
offers the potential to enhance the predictive validity of
modern imaging with concomitant synovial pathobiological
analysis, further studies integrating MRI with synovial tissue
analysis in well-controlled cohorts before and after thera-
peutic intervention are required to achieve this.
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