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Purpose: To describe the anatomical distribution of synovitis and its association with joint effusion on
non-enhanced and contrast-enhanced (CE) MRI in patients with knee osteoarthritis (OA).
Methods: Baseline MRI was performed at 1.5 T using axial proton density (PD)-weighted (w) fat sup-
pressed (fs) and axial and sagittal T1-w fs CE sequences. Synovial enhancement was scored in nine
articular subregions. Maximum synovial enhancement was grouped as absent (0), equivocal (1) and
definite (2 and 3). Effusion was scored from O to 3 on the axial sequences. We described the anatomical
distribution of synovitis, its association with effusion and compared assessment of effusion on T1-w fs CE
and PD fs sequences.
Results: 111 subjects were included and examined by MRI. 89.2% of knees exhibited at least one subregion
with a minimum grade 2 and 39.6% at the maximum of a grade 3. The commonest sites for definite
synovitis were posterior to the posterior cruciate ligament (PCL) in 71.2% and in the suprapatellar region
in 59.5% of all knees. On T1-w fs CE, 73.0% of knees showed any effusion. Definite synovitis in at least one
location was present in 96.3% knees with an effusion and in 70.0% without an effusion. Higher grades of
effusion were scored on the PD fs sequence.
Conclusion: Definite synovitis was present in the majority of knees with or without effusion with the
commonest sites being posterior to the PCL and in the suprapatellar recess. Joint effusion as measured on
PD fs images does not only represent effusion but also synovial thickening.

© 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.

Introduction

synovial capsule, activated synoviocytes and in some cases
lymphocytic infiltrates®,

Osteoarthritic joints regularly exhibit signs of synovial activa-
tion even in the early phase of the disease! . Synovial activation in
osteoarthritis (OA) is reflected as synovitis and joint effusion on
magnetic resonance imaging (MRI). The amount of synovitis
appears to correlate with pain and may be a marker of structural
change and clinical outcome®’. The histological correlates of
synovitis include synovial hyperplasia, fibrosis, thickening of the

* Address correspondence and reprint requests to: FW. Roemer, Department of
Radiology, Boston University Medical Center, FGH Building, 3rd floor, 820 Harrison
Ave, Boston, MA 02118, USA. Tel: 1-617-414-3893; Fax: 1-617-638-6616.

E-mail address: froemer@bu.edu (FW. Roemer).

To date, semi-quantitative MRI assessment of synovitis in large
studies of OA is usually performed on non-enhanced fluid-sensitive
fat suppressed (fs) sequences®~!. Commonly, signal alterations in
Hoffa’s fat pad are scored as synovitis surrogates'™?, which have
shown an association with pain severity, but have proven to
represent only a non-specific marker when using contrast-
enhanced (CE) MRI as the reference standard'®. This seems to be
supported by a recent comparative study including histology that
found only scoring of T1-weighted contrast-enhanced (T1-w CE)
images correlated with microscopically proven synovitis'4. Conse-
quently, synovitis in osteoarthritic knees should probably be
assessed on T1-w CE sequences, which allow evaluation of
enhancement and thickening of the synovial membrane~".
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doi:10.1016/j.joca.2010.07.008


https://core.ac.uk/display/82270036?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
mailto:froemer@bu.edu
http://dx.doi.org/10.1016/j.joca.2010.07.008
http://dx.doi.org/10.1016/j.joca.2010.07.008
http://dx.doi.org/10.1016/j.joca.2010.07.008

1270 EW. Roemer et al. / Osteoarthritis and Cartilage 18 (2010) 1269—1274

Furthermore, clinical experience has shown that proper differen-
tiation between synovium and joint effusion is only possible on CE
images and that fluid-sensitive images seem to over-estimate
the amount of intraarticular fluid'®, which is the rationale why
some of the available semi-quantitative scoring systems of knee OA
suggest a combined synovitis/effusion score for assessing these
features on non-enhanced images®. Reliable instruments have been
introduced recently that are able to assess synovitis in a semi-
quantitative fashion at multiple sites within the knee joint on CE
images as the site of synovial inflammation seems to be of clinical
relevance’®,

To date, it is not known if synovitis is distributed in a homoge-
neous fashion within the joint or if there are certain anatomical
subregions that are affected to a higher degree possibly due to other
concomitant intraarticular pathology. Thus, aim of our study was to
describe the anatomical distribution patterns of synovial
enhancement within the joint cavity and presence of joint effusion
in patients with radiographic knee OA based on a comprehensive
semi-quantitative scoring system using CE MRI. We further wished
to analyze if the amount of joint effusion may be assessed inter-
changeably on the fluid-sensitive proton density (PD)-w sequence
when compared to the T1-w CE sequence.

Material and methods
Subjects

Subjects included in the present analysis were participants of
the VIDEO study a double-blind randomized interventional trial of
knee OA investigating the symptomatic and structural effects of
oral Vitamin D supplementation in participants with knee OA. OA
was defined by presence of pain in one knee on most days in the
previous month and presence of at least one equivocal osteophyte
in the tibio-femoral (TF) compartment [Kellgen—Lawrence (K/L)
grade 1].

Patients were recruited through hospital-based clinics, primary
care and advertisement in local newspapers. Patients were eligible
if aged over 50 years, suffered pain in at least one knee for most
days of the previous month, had radiographic evidence of an
equivocal osteophyte in the same knee, were ambulatory (i.e., not
wheel chair bound) and were able and willing to attend or comply
with treatment and follow-up. Patients were excluded if they had
secondary OA, septic arthritis, gout, Wilson’s disease, Paget’s
disease, pseudo-gout, a history of inflammatory arthritis or knee
stiffness >30 min duration. Further exclusion criteria were current
use of cod liver oil or vitamin supplementation with a total
Vitamin D content greater than 200 IU, current use of glucosamine
or chondroitin for less than 3 months, history of hyperparathy-
roidism or osteomalacia, current use of anti-epileptic medication,
current use of bisphosphonates or use within the last 2 years,
history of hypercalcaemia, hypercalciuria, hyperthyroidism,
sarcoidosis, renal stones, previous intraarticular injections of
steroid within the last 3 months, hyalgan within the last 6 months,
previous knee surgery or arthroscopy within the last 6 months,
history of an osteoporotic fracture, history of cancer within the last
5 years excluding non-melanoma skin cancer, serious psychiatric
disorders including dementia, inability to understand the proce-
dures, inability to attend or comply with treatment or follow-up
scheduling and pregnancy.

Altogether, 111 (64.0% female) subjects were examined with MRI
at the baseline visit and were included. Mean age was 64.4 years
with a median of 64. The age range was from 51 to 81 years. On
average the participants were overweight (mean body mass index
29.3, median 28.2, with a range from 21.3 to 42.7).

The study was approved by the local institutional review board.

Radiography

All subjects received weight-bearing conventional radiographs
of both knees according to the semiflexed (metatarsophalangeal)
radiographic protocol suggested by Buckland-Wright?°. Knee
radiographs were scored by one rheumatologist with 15 years
experience in the assessment of knee OA according to the K/L
grading scheme?!.

MRI

At the time of the MRI patients were asked to identify their more
symptomatic knee whenever both knees had evidence of at least
one equivocal osteophyte. 1.5 T MRI of that knee was performed
with a phased array knee coil at baseline using the following pulse
sequence protocol: sagittal non-fs T1-w spin echo, coronal inter-
mediate-weighted fs, axial PD fs, axial T1-w fs CE and a sagittal T1-w
fs CE sequence. For the present study only the axial and sagittal
T1-w fs CE (TR 620 ms, TE 15.8 ms, slice thickness/slice gap 4.0 mm/
0.2 mm, echo train length 2, field of view 16.0 x 16.0 cm, matrix size
256 x 160, number of signal averages 2) and the axial PD fs
(TR 3,860 ms, TE 32 ms, slice thickness/slice gap 4.0 mm/0.2 mm,
echo train length 10, field of view 16.0 x 16.0 cm, matrix size
256 x 192, number of signal averages 2) sequences were considered.
The CE scans were acquired beginning 3 min after intra-venous (i.v.)
injection of 0.2ml (0.1 mmol)/kg body weight Gadodiamide
(Omniscan™, GE Healthcare, Little Chalfont, UK). As both CE
sequences required around 4 min scan time, image acquisition of
the CE sequences was performed between 3 min and 11 min after
i.v. contrast injection. Image assessment of enhancement was per-
formed weeks to months after the images were acquired.

Synovial enhancement was scored semi-quantitatively (SQ)
from 0 to 3 according to a recently introduced scoring system by
one MSK radiologist with 8 years experience in standardized SQ
assessment of knee OA'?: 0: physiologic enhancement and no
synovial thickening, 1: <2 mm (equivocal synovial thickness),
2: >2—4 mm (moderate synovitis) and 3: >4 mm (severe syno-
vitis). The following 11 articular subregions were assessed: supra-
patellar, infrapatellar, medial parapatellar, lateral parapatellar,
intercondylar, around the anterior cruciate ligament (ACL), poste-
rior to the posterior cruciate ligament (PCL), medial perimeniscal,
lateral perimeniscal, Baker’s cysts and around loose bodies. The
remaining sequences of the MRI examinations were not used or
displayed for the assessment of synovitis and joint effusion and
thus, readers were blinded to these. The reported intra-reader
reliability originally performed on 50 knees by the same expert
reader used in the present study and a second expert MSK radiol-
ogist who is a co-author ranges from 0.67 to 1.00 for the 11 sites'®.

Maximum synovial enhancement was consequently grouped as
absent (grade 0), equivocal (grade 1) and definite (grades 2 and 3).

Joint effusion was scored from O to 3, separately on the PD fs and
T1-w fs CE sequences>'. Effusion was defined as homogeneous
hyperintensity within the joint cavity on the PD fs images and as
homogeneous intraarticular hypointensity on the T1-w fs CE
images. As the descriptions of effusion scoring are based on non-
enhanced imaging only, we used a visual subtraction method of the
observed amount of capsular distention minus the enhancing
synovium within the distended articular cavity to estimate the
amount of true hypointense fluid-equivalent effusion on the T1-w
FS CE images.

We described the anatomical distribution of synovitis in the
whole sample according to subregions and also by effusion status.
MATLAB® R2007a (The MathWorks™, Inc., Natick, MA) and Stata®
10.0 (StataCorp LP, College Station, TX) software were used to
generate all possible combinations of effusion status and
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Fig. 1. Localized synovitis. Sagittal T1-w fs CE image shows marked synovial thick-
ening (grade 3) posterior to the PCL (arrows). Distal PCL depicted as hypointense linear
structure (arrowheads).

subregions showing the distribution of synovitis across different
clusters of subregions. Logistic regression was applied to analyze
possible associations between synovitis severity defined by
number of affected sites and radiographic disease severity. Scoring
of effusion on PD fs and T1-w fs CE sequences was also compared by
overall percent agreement and w-kappa statistics.

Results

The baseline K/L grades of examined knees were: K/L 1: 20
knees (18.0%), K/L 2: 42 knees (37.8%), K/L 3: 40 knees (36.0%), K/L
4: 9 knees (8.1%). No knees with K/L grade 0 were included.

Synovitis

99 (89.2%) of knees showed at least one subregion with a syno-
vitis score of 2 or higher and 44 (39.6%) knees exhibited the
maximum score of 3 in at least one subregion. The commonest sites
of definite synovitis were posterior to the PCL (Fig. 1) in 79 (71.2%)
knees and in the suprapatellar region in 66 (59.5%) knees. The
prevalence of definite synovitis for the different subregions is
visualized in Table I. The mean number of sites showing any
synovitis was 6.5 (SD 2.2) for those with K/L grade 1, and 7.6 (SD
2.5),8.8(SD 1.4) and 9.2 (SD 1.5) for KL grades 2, 3 and 4. The mean
number of affected sites with definite synovitis was 4.2 (SD 2.8),
with the median being 4 and a range of 0—11. Definite synovitis in
at least one location was present in 96.3% (78/81) of knees with any
effusion and in 70.0% (21/30) of knees without an effusion. The

Table II
Anatomical distribution of synovitis

Location Synovitis grade (%)

0 1 2 3
sPat 12 (10.8) 33(29.7) 50 (45.0) 16 (14.4)
iC 29 (26.1) 42 (37.8) 37 (33.3) 3(2.7)
iPat 38 (34.2) 43 (38.7) 27 (24.3) 3(2.7)
pmPat 18 (16.2) 43 (38.7) 37 (33.3) 13 (11.7)
plPat 15 (13.5) 42 (37.8) 37 (33.3) 17 (15.3)
Acl 6 (5.4) 52 (46.8) 48 (43.2) 5(4.5)
Pcl 4(3.6) 28 (25.2) 56 (50.5) 23 (20.7)
mMen 21(18.9) 54 (48.6) 33(29.7) 3(2.7)
IMen 28 (25.2) 53 (47.7) 25 (22.5) 5(4.5)
IB* n.a. 2 (25.0) 6 (75.0) na.
Bak** 18 (26.9) 32 (47.8) 13 (194) 4 (6.0)

= Loose bodies only present in 8/111 knees.
~ Baker’s cysts present in 67/111 knees.

anatomical distribution of synovitis for the different subregions
and grades for all knees is presented in Table II.

Using ordinal logistic regression the increasing trend between
the number of subregions with synovitis and the KL grades was
confirmed with an odds ratio of 1.4 (95% confidence interval
1.2-1.7, P<0.001). However, a moderate and high number of
affected subregions were also seen in knees with early TF OA
(Table III).

Effusion

The distribution of the different effusion grades for the PD fs and
the T1-w fs CE sequence is presented in Table IV. Markedly more
knees exhibited a grade 3 effusion on the PD fs sequence when
compared to the T1-w fs CE sequence (32 vs 8). Overall agreement
of effusion scoring on the PD fs and T1-w fs CE sequence was 65.8%.
The weighted kappa comparing agreement between scoring on the
PD fs and T1-w fs CE sequences was 0.70 (95% confidence interval
0.62—0.77). Over-scoring of effusion on the PD fs sequence when
compared to the T1-w fs CE sequence was observed in 37 cases,
over-scoring of T1-w fs CE when compared to the PD fs sequence
was only observed in one case where a grade 1 effusion was scored
on the enhanced images and a grade 0 on the non-enhanced
sequence (Fig. 2). 73.0% of knees showed any effusion on T1-w fs CE
and 37.8% of knees exhibited a grade 2 or 3 effusion on the
enhanced images. When tabulated against KL grades, the mean
score for effusion on the T1-w fs CE images was 0.7 (SD 0.7), 0.9 (SD
0.9), 1.4 (SD 0.8) and 2.4 (SD 0.5) for KL grades 1, 2, 3, and 4
respectively. Using ordinal logistic regression, the increase in the
mean effusion score in association to increasing K/L grade had an
odds ratio of 3.0 (95% confidence interval 2.0—4.6, P < 0.001).

Discussion

In a population of mixed radiographic OA severity, we found
that the large majority of knees exhibited definite synovitis in at
least one subregion and almost half showed severe localized

Table I
Anatomical distribution of definite synovitis (n = 111 knees)
Location
Definite synovitis* sPat iC iPat pmPat plPat Acl Pcl mMen IMen
n (%) 66 (59.5) 40 (36.0) 30 (27.0) 50 (45.0) 57 (51.4) 53 (47.7) 79 (71.2) 36 (32.4) 30 (27.0)

Abbreviations: sPat — suprapatellar, iC — intercondylar, iPat — infrapatellar, pmPat — peripatellar medial, plPat — peripatellar lateral, Acl — around the ACL, Pcl — posterior to the

PCL, mMen — perimeniscal medial, IMen — perimensical.
* Defined as synovitis grades >2.
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Table III
Number of subregions with any synovitis according to radiographic OA status

Number of
subregions with

Radiographic TF OA status

2Ty SIS K/L1 K/L2 K/L3 K/L4 Total
n=20 n=42 n=40 n=9 n=111
(18.0%) (37.8%) (36.0%) (8.1%) (100%)
2-3 4 (20%) 5(11.9%) 0 0 9 (8.1%)
4-5 0 3(7.1%) 1 (2.5%) 0 4 (36.0%)
6—7 8 (40%) 8 (19.0%) 5(12.5%) 1(11.1%) 22(19.8%)
8—9 8 (40%) 15(35.7) 22 (55%) 3(33.3%) 48(43.2%)
10-11 0 11 (26.2%) 12 (30%) 5(55.6%) 38 (34.2%)

synovitis. The commonest site of definite synovitis was posterior to
the PCL, which has not been reported previously and is not included
in other MRI scoring systems>>!6%2, Surprisingly, also many knees
with early OA showed signs of synovitis in multiple articular
subregions. Synovitis was also observed commonly in knees with
and without concomitant joint effusion. More intraarticular sites
affected by synovitis and higher grades of joint effusion are asso-
ciated with higher grades of radiographic TF OA. Another important
finding from this study is that that fluid-sensitive MRI sequences
are not able to properly distinguish joint effusion from synovial
thickening and therefore commonly over-report the presence of
effusion.

Several methods for assessing synovitis with non-enhanced and
CE MRI are available?®12, However, it seems that using a surrogate
of synovitis on non-enhanced imaging is a very non-specific
measure of synovitis'>. Based on the experience with assessment of
synovitis in rheumatoid arthritis and supported by recent work of
Loeuille et al., SQ assessment of synovitis should probably be per-
formed on T1-w CE images, which is the reason to choose
a comprehensive whole-joint scoring system based on T1-w CE
imaging to assess synovitis in our study*!41°,

Unfortunately, we were not able to correlate our imaging
findings with a gold standard such as histology. However,
previous studies confirmed the association of synovial thickening
observed on T1-w CE MRI with histologically proven synovitis
and validated the use of MRI as a non-invasive, sensitive method
for evaluating synovial membrane changes*“. A drawback is the
missing correlation of our findings with measures of pain, which
would have gone beyond the scope of this report. Another
shortcoming is the missing information on prior knee trauma.
Knee trauma may lead to an acute inflammatory response and is
usually cause of joint effusions. Remote trauma may be a trigger
of secondary intraarticular damage that may result in synovial
activation.

We chose the start of the T1-w fs CE sequence at 3 min after i.v.
contrast administration according to the literature applying static
CE MRI to large joints in OA research®!1®. As we did not attempt to
investigate the dynamic enhancement over time, there might be
the possibility of over- (due to diffusion of contrast material into the
joint cavity) or under-estimation (due to early start of the
sequence) of the amount of synovitis. Dynamic contrast enhanced

Table IV

Joint effusion on non-enhanced and CE imagings
Sequence T1-w fs CE PD fs

0 1 2 3 Total

0 28 2 0 0 30
1 1 24 11 3 39
2 0 0 13 21 34
3 0 0 0 8 8
Total 29 26 24 32 111

Fig. 2. Joint effusion. (A) Axial PD fs image. Marked bright signal intensity within the
joint and convexity of the joint capsule suggestive of a large joint effusion are depicted
(arrowheads). (B) Axial T1 fs CE image of the same knee at the same slice position. The
CE image shows marked synovial thickening depicted as hyperintense tissue lining
along the joint capsule. Only a small amount of effusion is observed (arrowheads).

imaging might play a much greater role when evaluating the effect
of disease-modifying OA drugs over time!42324,

The commonest site of definite synovitis was posterior to the
PCL, a finding that has not been reported previously. The inter-
condylar notch seems to play an important role for joint integrity.
Around 20% of subjects with knee OA exhibit ACL disruptions
without recalling trauma to the knee joint, which seems to repre-
sent an independent risk factor for consequent cartilage loss®>.
Recent work by Stein et al. from the Osteoarthritis Initiative found
a strong association of femoral notch stenosis with prevalent ACL
tears cross-sectionally?®. Chronic friction within the notch might
lead to debris and detritus triggering localized periligamentous
synovitis around the ACL and PCL?’. Pathology of the PCL and its
relation to disease activity and progression has not been explored
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in detail. Localized synovitis has been recognized by several
authors, but to date most of these investigations focused on Hoffa’s
fat pad or the perimeniscal regions>'>13.

Joint effusion is a reflection of synovial activation and often
observed in conjunction with differing grades of synovitis.
Surprisingly, we found that 70% of knees exhibited definite syno-
vitis in at least one subregion despite absent joint effusion. This
finding supports that localized synovitis might be more common
than previously thought, but may not necessarily suffice to trigger
relevant joint effusion. In knees without OA an association of
meniscal damage and joint effusion could be shown, although that
study did not explore the role of concomitant localized synovitis®3.

A large multicenter study based on ultrasound reported joint
effusion in about 30% without signs of synovitis?°. To date only one
study assessed the possible role of CE ultrasound for assessment of
synovitis in knee OA. The authors reported a comparable sensitivity
for the detection of effusion and synovitis in the superior recess of
the knee3C. If CEUS yields comparable results concerning whole
knee assessment remains to be proven in future studies. However,
CEUS seems to be suited to track treatment response over time by
evaluating changes in synovial perfusion in selected parts of the
joint as has been shown for rheumatoid arthritis>'.

Commonly, joint effusion is assessed SQ on axial fluid-sensitive
images>!! where fluid-equivalent signal within the joint cavity is
thought to represent effusion. Our results suggest that fluid-
sensitive sequences are not able to properly distinguish between
joint fluid and synovial thickening and that the amount of fluid is
commonly over-estimated as both, joint effusion and synovitis, are
depicted as hyperintense structures not distinguishable from each
other. For this reason some authors suggested a combined score of
assessing joint effusion and synovitis®. As a consequence, we
believe that the amount of joint fluid should ideally be assessed on
T1-w CE sequences whenever possible.

Summarizing our findings, we found that MRI-assessed definite
localized synovitis is very common in knees with OA and is also
commonly found in joints without exhibiting concomitant joint
effusion. More severe synovitis, defined by the number of affected
intraarticular sites, and higher grades of joint effusion are associ-
ated with radiographic OA severity in a linear fashion. Joint effusion
seems to be over-estimated on fluid-sensitive MRI sequences as
these cannot distinguish fluid from the synovial membrane and
thus, effusion should be assessed on T1-w CE images whenever
possible. The clinical consequence of synovial enhancement at the
different anatomical sites and its relation to joint effusion and
structural progression needs to be further explored in longitudinal
investigations.

Authors’ contributions

Conception and design of the study: Nigel K Arden, Leonard
King, Richard Keen.

Analysis and interpretation of data: Matthew Thomas, Amit
Kiran, Nigel K Arden, M Kassim Javaid, Frank W Roemer.

Collection and assembly of data: Leonard King, Richard Keen.

Manuscript preparation: Frank W Roemer, M Kassim Javaid, Ali
Guermazi.

Critical revision of the article for important intellectual content:
All authors.

Final approval of the article: All authors.

Conflict of interest

Ali Guermazi is president of Boston Imaging Core Lab, LLC (BICL),
Boston, MA, a company providing radiological image assessment
services. He is consultant for Merck Serono, Facet Solutions, and
Stryker and receives research grant from General Electric.

Frank Roemer is partner and vice-president of BICL.
None of the other authors have declared any possible conflict of
interest.

Acknowledgments

We wish to acknowledge the support of the staff of the VIDEO
osteoarthritis study and particularly Anna Bara, Caroline Dore and
Helen Platten. We further would like to thank the participants of
the VIDEO study that made this work possible. We further wish to
thank John Lynch, Ph.D. with his help in designing the data
recording tool. We are grateful to the arc and the NIHR and NIHR
Biomedical Research Unit, University of Oxford for funding to make
this project possible. The VIDEO Study is funded by the Arthritis
Research Campaign and the NIHR. The funding source did not have
any role in the preparation of the present publication.

References

1. Loeuille D, Chary-Valckenaere I, Champigneulle ], Rat AC,
Toussaint F, Pinzano-Watrin A, et al. Macroscopic and micro-
scopic features of synovial membrane inflammation in the
osteoarthritic knee: correlating magnetic resonance imaging
findings with disease severity. Arthritis Rheum 2005;52:
3492-501.

2. Fernandez-Madrid F, Karvonen RL, Teitge RA, Miller PR, An T,
Negendank WG. Synovial thickening detected by MR imaging
in osteoarthritis of the knee confirmed by biopsy as synovitis.
Magn Reson Imaging 1995;13:177—83.

3. Lindblad S, Hedfors E. Arthroscopic and immunohistologic
characterization of knee joint synovitis in osteoarthritis.
Arthritis Rheum 1987;30:1081—8.

4. Ostergaard M, Stoltenberg M, Lovgreen-Nielsen P, Volck B,
Jensen CH, Lorenzen I. Magnetic resonance imaging-deter-
mined synovial membrane and joint effusion volumes in
rheumatoid arthritis and osteoarthritis: comparison with the
macroscopic and microscopic appearance of the synovium.
Arthritis Rheum 1997;40:1856—67.

5. Grainger AJ, Rhodes LA, Keenan AM, Emery P, Conaghan PG.
Quantifying peri-meniscal synovitis and its relationship to
meniscal pathology in osteoarthritis of the knee. Eur Radiol
2007;17:119-24.

6. Hill CL, Gale DG, Chaisson CE, Skinner K, Kazis L, Gale ME, et al.
Knee effusions, popliteal cysts, and synovial thickening: asso-
ciation with knee pain in osteoarthritis. ] Rheumatol
2001;28:1330-7.

7. Ayral X, Pickering EH, Woodworth TG, Mackillop N,
Dougados M. Synovitis: a potential predictive factor of struc-
tural progression of medial tibiofemoral knee osteoarthritis —
results of a 1 year longitudinal arthroscopic study in 422
patients. Osteoarthritis Cartilage 2005;13:361—7.

8. Roach HI, Aigner T, Soder S, Haag ], Welkerling H. Pathobiology
of osteoarthritis: pathomechanisms and potential therapeutic
targets. Curr Drug Targets 2007;8:271—82.

9. Peterfy CG, Guermazi A, Zaim S, Tirman PF, Miaux Y, White D,
et al. Whole-Organ Magnetic Resonance Imaging Score
(WORMS) of the knee in osteoarthritis. Osteoarthritis Cartilage
2004;12:177-90.

10. Kornaat PR, Ceulemans RY, Kroon HM, Riyazi N,
Kloppenburg M, Carter WO, et al. MRI assessment of knee
osteoarthritis: Knee Osteoarthritis Scoring System (KOSS) —
inter-observer and intra-observer reproducibility of a com-
partment-based scoring system. Skeletal Radiol 2005;34:
95-102.



1274

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

EW. Roemer et al. / Osteoarthritis and Cartilage 18 (2010) 1269—1274

Hunter DJ, Lo GH, Gale D, Grainger AJ, Guermazi A,
Conaghan PG. The reliability of a new scoring system for knee
osteoarthritis MRI and the validity of bone marrow lesion
assessment: BLOKS (Boston Leeds Osteoarthritis Knee Score).
Ann Rheum Dis 2008;67:206—11.

Hill CL, Hunter DJ, Niu J, Clancy M, Guermazi A, Genant H, et al.
Synovitis detected on magnetic resonance imaging and its
relation to pain and cartilage loss in knee osteoarthritis. Ann
Rheum Dis 2007;66:1599—603.

Roemer FW, Guermazi A, Zhang Y, Yang M, Hunter D]J,
Crema MD, et al. Hoffa’s fat pad: evaluation on unenhanced
MR images as a measure of patellofemoral synovitis in
osteoarthritis. AJR Am ] Roentgenol 2009;192:1696—700.
Loeuille D, Rat AC, Goebel JC, Champigneulle ], Blum A,
Netter P, et al. Magnetic resonance imaging in osteoarthritis:
which method best reflects synovial membrane inflamma-
tion? Correlations with clinical, macroscopic and microscopic
features. Osteoarthritis Cartilage 2009;17:1186—92.
Ostergaard M, Hansen M, Stoltenberg M, Gideon P, Klarlund M,
Jensen KE, et al. Magnetic resonance imaging-determined
synovial membrane volume as a marker of disease activity and
a predictor of progressive joint destruction in the wrists of
patients with rheumatoid arthritis. Arthritis Rheum 1999;42:
918-29.

Rhodes LA, Grainger AJ, Keenan AM, Thomas C, Emery P,
Conaghan PG. The validation of simple scoring methods for
evaluating compartment-specific synovitis detected by MRI in
knee osteoarthritis. Rheumatology (Oxford) 2005;44:
1569—73.

Clunie G, Hall-Craggs MA, Paley MN, King A, Wilkinson ID,
Ell P], et al. Measurement of synovial lining volume by
magnetic resonance imaging of the knee in chronic synovitis.
Ann Rheum Dis 1997;56:526—34.

Crema MD, Roemer FW, Marra MD, Guermazi A. MR imaging
of intra- and periarticular soft tissues and subchondral bone in
knee osteoarthritis. Radiol Clin North Am 2009;47:687—701.
Guermazi A, Roemer FW, Crema MD, Niu |, Zhang Y, Marra MD,
et al. assessment of synovitis in knee osteoarthritis on
contrast-enhanced MRI using a novel comprehensive semi-
quantitative scoring system. Arthritis Rheum 2008;58:S696—7.
Buckland-Wright JC, Wolfe F, Ward R], Flowers N, Hayne C.
Substantial superiority of semiflexed (MTP) views in knee
osteoarthritis: a comparative radiographic study, without
fluoroscopy, of standing extended, semiflexed (MTP), and
schuss views. ] Rheumatol 1999;26:2664—74.

Kellgren JH, Lawrence ]S. Radiological assessment of osteo-
arthrosis. Ann Rheum Dis 1957;16:494—502.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Pelletier JP, Raynauld JP, Abram F, Haraoui B, Choquette D,
Martel-Pelletier J. A new non-invasive method to assess
synovitis severity in relation to symptoms and cartilage
volume loss in knee osteoarthritis patients using MRI. Osteo-
arthritis Cartilage 2008;16(Suppl 3):S8—13.

Ostergaard M, Stoltenberg M, Henriksen O, Lorenzen I. The
accuracy of MRI-determined synovial membrane and joint
effusion volumes in arthritis. A comparison of pre- and post-
aspiration volumes. Scand ] Rheumatol 1995;24:305—11.
Hellio Le Graverand-Gastineau MP. OA clinical trials: current
targets and trials for OA. Choosing molecular targets: what
have we learned and where we are headed? Osteoarthritis
Cartilage 2009;17:1393—401.

Amin S, Guermazi A, Lavalley MP, Niu J, Clancy M, Hunter DJ,
et al. Complete anterior cruciate ligament tear and the risk for
cartilage loss and progression of symptoms in men and
women with knee osteoarthritis. Osteoarthritis Cartilage
2008;16:897—-902.

Stein V, Li L, Guermazi A, Zhang Y, Kwoh CK, Eaton CB, et al.
The relation of femoral notch stenosis to ACL tears in persons
with knee osteoarthritis. Osteoarthritis Cartilage 2009;17
(Suppl. 1): S151.

Aigner T, van der Kraan P, van den Berg W. Osteoarthritis and
inflammation — inflammatory changes in osteoarthritis syno-
viopathy. In: Buckwalter JA, Lotz M, Stoltz JF, Eds. Osteoar-
thritis, Inflammation and Degradation: a Continuum.
Amsterdam: 10S Press; 2007:219—-35.

Roemer FW, Guermazi A, Hunter D], Niu ], Zhang Y, Englund M,
et al. The association of meniscal damage with joint effusion in
persons without radiographic osteoarthritis: the Framingham
and MOST osteoarthritis studies. Osteoarthritis Cartilage
2008;17:748—53.

D’Agostino MA, Conaghan P, Le Bars M, Baron G, Grassi W,
Martin-Mola E, et al. EULAR report on the use of ultrasonog-
raphy in painful knee osteoarthritis. Part 1: prevalence of
inflammation in osteoarthritis. Ann Rheum Dis 2005;64:
1703-9.

Song IH, Althoff CE, Hermann KG, Scheel AK, Knetsch T,
Schoenharting M, et al. Knee osteoarthritis. Efficacy of a new
method of contrast-enhanced musculoskeletal ultrasonog-
raphy in detection of synovitis in patients with knee osteoar-
thritis in comparison with magnetic resonance imaging. Ann
Rheum Dis 2008;67:19—25.

Salaffi F, Carotti M, Manganelli P, Filippucci E, Giuseppetti GM,
Grassi W. Contrast-enhanced power Doppler sonography of
knee synovitis in rheumatoid arthritis: assessment of thera-
peutic response. Clin Rheumatol 2004;23:285—90.



	Anatomical distribution of synovitis in knee osteoarthritis and its association with joint effusion assessed on non-enhance ...
	Introduction
	Material and methods
	Subjects
	Radiography
	MRI

	Results
	Synovitis
	Effusion

	Discussion
	Authors’ contributions
	Conflict of interest
	Acknowledgments
	References


