1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Ann Rheum Dis. Author manuscript; available in PMC 2016 June 22.

Published in final edited form as:
Ann Rheum Dis. 2016 February ; 75(2): 390-395. doi:10.1136/annrheumdis-2014-205894.

SYNOVITIS IN KNEE OSTEOARTHRITIS: A PRECURSOR OF
DISEASE?

I. Atukoralal2, C. K. Kwoh3, A. Guermazi4, F. W. Roemer#®, R. M. Boudreau®, M. J.
Hannon®, and D. J. Hunter?!

Linstitute of Bone and Joint Research, Kolling Institute, University of Sydney, Australia and Royal
North Shore Hospital

2University of Colombo Sri Lanka

SUniversity of Arizona, Tuscon, Arizona, USA

4Boston University School of Medicine, Boston, MA, USA
5Klinikum Augsburg, Augsburg, Germany

8University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Abstract

Objectives—It is unknown whether joint inflammation precedes other articular tissue damage
in osteoarthritis. Therefore, this study aims to determine if synovitis precedes the development of
radiographic knee OA (ROA).

Methods—The participants in this nested case-control study were selected from knees in the
Osteoarthritis Initiative (OAI) that had a Kellgren Lawrence grading (KLG)=0 baseline (BL).
These knees were evaluated annually with radiography and non contrast-enhanced magnetic
resonance imaging (MRI) over 4-years. MRIs were assessed for effusion-synovitis and Hoffa-
synovitis. Case knees were defined by radiographic knee osteoarthritis (ROA) (KLG >=2) on the
postero-anterior knee radiographs at any assessment after baseline. Radiographs were assessed at
PO (time of onset of radiographic knee OA), 1 year prior to PO (P-1) and at BL. Controls were
participants who did not develop incident ROA (iROA) from baseline to 48 months).
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Results—133 knees of 120 persons with ROA (83 females) were matched to 133 control knees
(83 females). Odds ratios (OR) for occurrence of iROA associated with the presence of effusion-
synovitis at BL, P-1 and PO were 1.56 (95% CI 0.86-2.81), 3.23 (1.72-6.06) and 4.7(1.10-2.95),
respectively. The ORs for the occurrence of iROA associated with the presence of Hoffa-synovitis
at BL, P-1 and PO were 1.80 (1.1-2.95), 2.47 (1.45-4.23) and 2.40 (1.43-4.04), respectively.

Conclusions—Effusion-synovitis and Hoffa-synovitis strongly predicted the development of
incident ROA.
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INTRODUCTION

Osteoarthritis (OA) is the commonest joint disease worldwide and is a major cause of pain
and disability. Despite increased prevalence of this disease (1), there is at present no therapy
that prevents or cures knee OA. Therefore, the current focus is on developing drugs to arrest
the progression of this disease. In order to facilitate this process it is imperative that the
tissue targets in pathogenesis are identified.

In contrast to earlier paradigms, OA is now perceived as joint failure which is the result of
complex interactive disease processes in multiple articular and peri articular structures.
These tissues include synovium, cartilage, muscle, subchondral and cortical bone (2).
However, there is ongoing debate as to which tissue structures change first in OA. The
pathogenic role of bone, the meniscus and hyaline cartilage have been extensively examined
(3) previously. However, there is increasing evidence that inflammation, particularly
synovitis, plays a role in the pathogenic process of OA. Therefore, synovitis is no longer
perceived as an innocent bystander in OA (476).

Previously, synovitis in OA was believed to be a consequence of underlying joint damage,
with synovial inflammation resulting from macrophage phagocytosis of intra-articular
cartilage or bone debris, calcium pyrophosphate dihydrate or calcium hydroxyapatite
crystals with release of soluble cartilage matrix macromolecules (5' 7).

Furthermore, an overwhelming majority of persons with OA have synovitis (4). There is
ample evidence that inflammation is present in the synovium in all stages of OA (2: 5' 8)
including those with early disease (9). Moreover, synovitis is associated with pain, disease
severity, and progression of knee OA (10). Given these findings, it is likely that synovitis has
an aetio-pathogenic role in OA and that it may be a precursor rather than just a consequence
of joint failure (11: 12).

Synovial inflammation manifests as synovial membrane thickening or joint effusion.
However conventional knee radiographs are unable to visualize the synovial membrane.
Though ultrasonography is useful in imaging synovitis, it has not yet been used in large
scale studies of osteoarthritis (13). Therefore, the best imaging method to identify synovial
inflammation is by magnetic resonance imaging (MRI). MRI demonstrates synovitis as
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thickening and enhancement after intravenous contrast administration or as an effusion (13).
Accordingly, MRI is useful to investigate early “preclinical” disease before radiographic
changes occur. Furthermore, the MRI is invaluable to examine and delineate pathologies in
all structures associated in the pathogenesis of OA. This is due to the ability of MRI to
visualize deeper structures and examine the knee in its entirety in 3 dimensions unlike any
other imaging modality (13).

Large scale epidemiological studies have established the validity of semi-quantitative
assessment of synovitis by non contrast-enhanced MRI (14716). Currently, effusion-
synovitis or Hoffa-synovitis are the surrogates used to identify synovial inflammation on non
contrast-enhanced MRI (13: 17). Effusion-synovitis is defined by the presence of fluid
equivalent signal in the joint cavity on T2/IW/PDw magnetic resonance images. Hoffa-
synovitis assesses the degree of hyperintensity in Hoffa’s fat pad on T2/PD/lw-w fat
suppressed sequences within the fat pad(18).

This nested case-control study was performed to identify whether synovitis precedes the
onset of radiographic OA (ROA). Thus the objective was to identify if synovitis/effusion is
more prevalent in knees that develop ROA compared to those that do not.

PATIENTS AND METHODS

Study Design and subjects

The study participants were selected from the Osteoarthritis Initiative (OAI). The OAl is a
multi-centre, eight-year prospective observational cohort study that examines the biomarkers
and risk factors for causation and progression of knee OA in 4796 individuals.

Details of subject inclusion and exclusion have been described previously (19: 20). The OAI
participants are both those with knee OA and those who are at high risk of developing knee

OA.(21). The participants were of all ethnicities with 59% being female and 18% were non-
white.

Study subjects were assessed annually by radiography and MRI.

Cases and Controls

Cases knees were those that developed incident ROA (iROA) on or before the 48 month OAI
xray and that had baseline Kellgren Lawrence grades (KLG) of 0. All such knees with MRI
readings at either of the visits where iROA was first read or the time prior to that were
included. iROA was the first occurrence of radiographic findings compatible with OA (KLG
of >=2 on the PA view (22)) during the course of study. This time point was called PO with
P-1 being defined as the time point 1 year before ROA was detected on radiographs.

Each case was matched from a sample of knees that were KLG 0 at baseline, did not develop
iROA during the study period, who were at risk at the time of case occurrence, had available
images at the timepoints where the case had images. The case knees were matched to a
single control knee on sex, age (within five years), and contralateral knee OA status (i.e.
KLG =0, 1, or 2 + in the other knee).
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Included knees had to have images at baseline and either PO or P-1, but not necessarily both.
The small set of knees where effusion synovitis could be scored and Hoffa synovitis could
not were included for the analysis of the former only. Because of the design, an MRI score
for both parts of the case-control pair had to be available before it was included in that
analysis.

History of joint surgery and previous injury to the knee was evaluated at the enrolment visit
by asking the participants whether they have ever injured their knee(s) badly enough to limit
their ability to walk for at least two days or whether they have ever had any kind of knee
surgery including arthroscopy, ligament repair or meniscectomy. At the same visit,
participants’ Body Mass Index (BMI) was taken and they were asked about their knee pain
in the past 12 months (no pain, infrequent pain [pain not on most days of a month], or
frequent pain [pain on most days of at least one month] and the number of knee bending
activities in the past 30 days. These activities were: taking more than 10 flights of stairs,
kneeling for 30+ minutes, squatting for 30+ minutes, moving a heavy (25 pounds or more)
object, or going into/out of a squat more than ten times. A scale from 0 to 5 was created by
taking the sum of the number of different activities to which they answered yes.

Radiographs

Fixed flexion radiographs acquired using the Synaflexor of both knees were performed in all
subjects. The radiographs of knees were assessed for their KLG (23) and was found reliable
(kappa=0.7 at baseline and 0.78 at 36th month follow up). Radiographs acquired at the
baseline, 12, 24, 36 and 48 month visit were read by the OAI central readers.

Magnetic Resonance Imaging

MRI acquisition was done on a 3 Tesla MRI (3T-MRI) machine. Non contrast-enhanced
MRIs of both cases and controls were obtained. The OAI MRI protocols and image
acquisition techniques were utilized. Semi quantitative tissue scoring was done using
coronal intermediate-weighted 2DTSE (slice thickness/in-plane area 3.0/0.37*0.46) and
sagittal intermediate-weighted 2TSE images with fat suppression (slice thickness/in-plane
area 3.0/0.37*0.51) (20).

The MRI Osteoarthritis Knee Score (MOAKS) instrument was used to assess the whole joint
for structural changes compatible with knee OA (18). Knee inflammation was assessed by
using surrogates; Hoffa-synovitis in infrapatellar and intercondylar regions and effusion-
synovitis. The MRIs were scored semi-quantitatively 0 to 3 as part of the MOAKS scoring
system. Hoffa-synovitis score (on sagittal image) and effusion—synovitis (on axial) were
assessed for magnitude as follows: 0=normal/no hyperintensity, 1=mild, 2=moderate and
3=severe for Hoffa-Synovitis and O=physiological amount, 1= small, 2=medium and 3=large
respectively effusion-synovitis (Figure 1). For both, any finding (>= 1) was compared to no
finding.

MRI readings were performed by AG and FWR with 15 and 12 years experience in MRI
semiquantitative assessment respectively. Scores were entered directly into an electronic
web-based database. All MRIs were read sequentially, unblinded to timepoint. Inter-rater
reliability on a subset of MRIs was performed for MRI reading quality control. Inter-rater
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reliability was weighted kappa= 0.68 (95% CI 0.38, 0.99) and 0.95 (95% CI 0.61, 1.00) for
synovitis and for effusion respectively. These were calculated using the full range of
semiquantitative assessment (0-3 for synovitis, 0-3 for effusion). Subsequently, on going
surveillance for measurement drift was carried out by AG by re-reading 5% of the MRIs
(24).

Statistical Analysis

Conditional logistic regression models using a GEE (general estimated equations) method
with a robust sandwich estimator to account for correlations between case-control pairs and
between knees for individuals with bilateral incident OA were employed to model the
relationships between the key predictors and OA. Models with only the key predictors were
run first, and unadjusted associations with OA were obtained. Then models adjusted for
baseline covariates (self-reported injury, self-reported knee surgery, BMI and knee bending
activities) were run to see that the findings persisted when these covariates were controlled
for. Models were run at three time points: Baseline (time of enroliment in the OAl), P-1 (the
year prior to the finding of ROA), and PO (concurrent with incident ROA).

RESULTS

A total of 133 knees from 120 participants with baseline KLG=0 on knee radiographs
developed ROA during the first 48 months. An identical number of matched control knees
were selected. The demographics and baseline clinical parameters did not differ significantly
between cases and controls (Table 1). All participant radiographs were KLG 0 at baseline.
59 subjects (44.36%) of cases and controls had contralateral OA at baseline. The majority
(69.92% of cases and 78.95% of controls) were pain free or had infrequent knee pain at
baseline. 40% cases had a frequent knee pain compared to 28% of controls.

The timing of the occurrence of ROA in the cases is shown in Figure 2. At the onset of ROA,
57.1% of cases had frequent knee pain and 25.6% had infrequent pain. Correspondingly,
20.3% and 32.3% of controls showed frequent or infrequent pain. History of injury at
baseline was reported by 20.3% of cases and 12.8% of controls. A history of knee surgery
(self-reported) at baseline was similarly low; 3.76% of cases and 3.01% of controls. The
KLG of cases at point of occurrence of ROA was as follows: KLG 2-75.9%; KLG 3 -
22.6% and KLG 4-1.5%. Only 3 controls (2.3%) reached a KLG 1 grade. The remainder
continued to be at KLG 0 at PO.

At baseline, there was no significant association between effusion-synovitis and subsequent
iROA (37.59% vs. 30.08%. OR = 1.56, ClI 0.86-2.81). However, effusion-synovitis in the
year prior to the finding of iROA (P-1) was associated with subsequent iROA (52.80% in
cases vs. 29.60% in controls, OR = 3.23, Cl 1.72-6.06). At the time point when iROA was
read (PO0), the relationship was still present (OR = 4.70, Cl 2.35-9.34).

Hoffa-synovitis showed a similar set of associations except that the difference at baseline
was significant (46.21% vs. 30.83%, OR 1.80, Cl 1.10-2.96). At P-1, Hoffa-synovitis
continued to be associated with subsequent iROA (53.23% in cases vs. 30.40% in controls,
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OR =2.47, Cl 1.45-4.23). At PO, the relationship between Hoffa-synovitis and iROA was
still found (OR = 2.40, Cl 1.43-4.04) (Table 2).

The association between synovitis/effusion-synovitis with the occurrence of ROA persisted
in a sensitivity analysis where we adjusted for potential covariates (Table 2).

DISCUSSION

This study demonstrates that synovial inflammation and effusion is associated with the later
occurrence of ROA.

The first finding is that the presence of synovial inflammation; effusion-synovitis or Hoffa-
synovitis; is associated with increased odds of developing iROA. Inflammation has been
postulated to play a role in the occurrence of knee OA (2) and is believed to be a
consequence of underlying damage in the knee joint (5:7). However, our study suggests that
synovial membrane inflammation plays a role early in the disease. These findings are further
supported by previous research on knees without OA which show synovitis and effusion
increases risk for cartilage loss (25). Therefore, our findings concur with previous findings
which indicate at least an accelerating role of inflammation in disease initiation (25)(9). An
additional strength of this study is that we used MRI, which has previously been proven to
be a sensitive tool to detect synovitis (13).

The second observation is that the occurrence of synovial inflammation is more marked in
the year preceding the occurrence of ROA. This association was demonstrated with both
surrogates of inflammation; effusion-synovitis and Hoffa-synovitis. The risk of incident OA
from synovitis/effusion was greatest when the visit was immediately proximate to the case
defining time point with both parameters. This suggests that occurrence of synovitis not only
predates but is also associated with the development of ROA. However, approximately one
third of the control group had effusion synovitis and Hoffa synovitis without subsequent
consequence. It is possible that the controls will subsequently develop ROA at a slower rate
than the cases. This is best explained by the fact that all the individuals who were selected to
the OAL are those at high risk of KOA. It is likely that different individuals will develop OA
at different rates.

This cohort contained relatively small numbers of participants who had injury or surgery to
that knee prior to the onset of ROA. However, the association between synovial
inflammation and the occurrence of ROA persisted in models adjusted for history of knee
injury and history of knee surgery at baseline. The fact that majority of participants
developed synovial inflammation independent of a documented insult to the knee suggesting
that inflammation may occur either independently or as a result of a clinically insignificant
pathology within the knee. But the current study is not able to prove whether synovitis or
effusion precedes structural joint damage or is a result of early intrinsic tissue alterations
such as meniscal or cartilage damage.

The next observation is that the strength of associations at each time point was greater for
effusion-synovitis than for Hoffa-synovitis. This may be due to the reduced sensitivity of
Hoffa-synovitis as a measure of synovial inflammation (26). Effusion-synovitis on non
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contrast-enhanced MRI is perceived as a better assessment of synovial inflammation, as it
circumvents the lack of specificity of using Hoffa-synovitis as an index of synovial
inflammation (13).

The following limitations were identified in this research project. The gold standard of
identifying synovitis on imaging is contrast-enhanced MRI. However, because of possible
side effects, ethical considerations and increased expense, contrast-enhanced MRI is not
routinely used in the assessment of pre-symptomatic OA in large-scale clinical and
epidemiological research. Instead synovial inflammation is assessed in non contrast-
enhanced MRI using surrogate signal changes in Hoffa’s fat pad (Hoffa-synovitis) and by
effusion-synovitis (27+ 28). We assert that the non contrast-enhanced MRI is a useful tool in
the detection of the onset of synovial inflammation in pre-symptomatic OA, particularly in
the face of ethical and practical considerations in using contrast in pre-symptomatic OA
cohorts. In addition, this study retrospectively assessed subjects who did not have ROA at
baseline. The retrospective study design is a disadvantage, but it was the most feasible to use
in this previously unexplored area of research.

Furthermore, Hoffa’s fat pad synovitis on non contrast-enhanced MRI has been shown to
correlate histologically with synovitis in the same location (29). Intra articular fluid signals
are assessed using non contrast-enhanced MRI according to the extent of capsular distension
(30). This has been shown to be a composite of true joint effusion and synovial thickening
and may underestimate synovial inflammation (31). This study used these previously
validated tools to identify synovitis. However, it is possible that synovitis may be
underestimated in the non contrast-enhanced MRIs (32). Therefore, we reiterate that the use
of contrast-enhanced MRI would likely strengthen rather than diminish any association
detected by non contrast-enhanced MRI in this study (27).

The OAI study population contains persons at high risk of KOA and both cases and controls
in this study were predominately overweight or obese (24% of cases and 29% of controls
were in normal BMI ranges). Therefore, this study is unable to identify whether Hoffa
synovitis and effusion synovitis is associated with increasing weight.

This study is the first, to the best of our knowledge, which demonstrates the association of
synovitis with incident knee osteoarthritis. These findings concur with previous research
findings which demonstrated the pivotal role of synovitis in development and prevalence of
symptoms and progression of knee OA. It is noteworthy that these studies demonstrated the
association of clinical features of joint inflammation with radiological progression in knee
OA (33). Further, an MRI study has demonstrated a strong and unique association between
synovitis, capsular thickening and the severity of knee pain (32). In addition, higher grades
of synovitis conferred an increased risk of painful knee OA (9). Similarly an increase in
levels of synovial biomarkers associated with synovial activity, serum hyaluronan, have
demonstrated an association with radiographic progression of the knee (10). Laboratory
studies have established that pro- inflammatory cytokines contribute to OA pathogenesis by
increasing cartilage degradation. Furthermore inflammation produces pain and hyperalgesia
in OA via multiple mechanisms (34). Several inflammatory markers including IL-1, IL-6,
TGF-beta, TNF-a. IL-17 and VEGF are increased in the synovium in OA (12). And
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increasing synovial IL-17 levels has been shown to correlate with knee OA severity and
progression (35). In addition, inhibitors of the growth factors, TG-beta and BMP, reduced
synovial thickening and osteophyte formation (36). Therefore, it is intuitive that treatment of
synovitis may improve symptoms and disease progression.

There is evidence to support the postulate that treatment of synovitis may improve
symptoms. Yttrium -90 synovectomy (38) used in treating painful knee OA showed a better
response in early knee OA. Therefore, treating synovitis in knee OA may have a role in
reducing progression of the disease and provide symptom relief. Therefore, the results of
this study are useful in identifying a targeted therapy to alter the pathogenesis of knee OA.

Our study has demonstrated that synovitis is a precursor of radiographic OA. These findings
if confirmed by similar studies including those with synovial biopsies will establish the role
of inflammation in the pathogenesis of OA. The findings have the potential to be translated
towards developing targeted therapies to prevent the development of knee OA.

Acknowledgments

The authors would like to thank the readers of the fixed flexion radiographs at Boston University for the central KL
grading, the OAI investigators, clinic staff and OAI participants at each of the OAI clinical centers for their
contributions in acquiring the publicly available clinical and imaging data, the team at the OAI coordinating center,
particularly John Lynch, Maurice Dockrell, and Jason Maeda, for their help, and Stephanie Green and Hilary
Peterson at Pittsburgh for administrative support. This manuscript has received the approval of the OAI Publications
Committee based on a review of its scientific content and data interpretation.

Funding
Dr. Atukorala was funded by the Osteoarthritis Research Society International Collaborative Scholarship.

Dr Hunter is funded by an NHMRC Health Practitioner Fellowship. The corresponding author had full access to all
the data in the study and had final responsibility for the decision to submit for publication.

The study and image acquisition was funded by the OAI, a public-private partnership comprised of five contracts
(NO1-AR-2-2258; N01-AR-2-2259; NO1-AR-2-2260; N01-AR-2-2261; N01-AR-2-2262) funded by the National
Institutes of Health, a branch of the Department of Health and Human Services, and conducted by the OAI Study
Investigators. Private funding partners of the OAI include Merck Research Laboratories; Novartis Pharmaceuticals
Corporation, GlaxoSmithKline; and Pfizer, Inc. Private sector funding for the OAI is managed by the Foundation
for the National Institutes of Health. This manuscript has received the approval of the OAI Publications Committee
based on a review of its scientific content and data interpretation.

The image analysis of this study was funded by a contract with the University of Pittsburgh (Pivotal OAI MRI
Analyses POMA: NIH/NHLBI Contract No. HHSN2682010000 21C), and in part by a vendor contract from the
OAI coordinating center at University of California, San Francisco (N01-AR-2-2258). The statistical data analysis
was funded by a contract with the University of Pittsburgh (Pivotal OAI MRI Analyses POMA: NIH/NHLBI
Contract No. HHSN2682010000 21C) and the University of Pittsburgh Multidisciplinary Clinical Research Center
(MCRC) for Rheumatic and Musculoskeletal Diseases (P60 AR054731).

None of the study sponsors had any role in data collection, storage or analysis, in manuscript writing, or the
decision to publish this manuscript.

References

1. Oliveria SA, Felson DT, Reed JI, et al. Incidence of symptomatic hand, hip, and knee osteoarthritis
among patients in a health maintenance organization. Arthritis rheum. 1995; 38(8):1134-41.
[PubMed: 7639811]

Ann Rheum Dis. Author manuscript; available in PMC 2016 June 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Atukorala et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.
23.

Page 9

. de Lange-Brokaar BJ, loan-Facsinay A, van Osch GJ, et al. Synovial inflammation, immune cells

and their cytokines in osteoarthritis: a review. Osteoarthritis cartilage. 2012; 20(12):1484-99.
[PubMed: 22960092]

. Englund M. The role of the meniscus in osteoarthritis genesis. Rheum Dis Clin North Am. 2008;

34(3):573-9. [PubMed: 18687273]

. Benito MJ, Veale DJ, FitzGerald O, et al. Synovial tissue inflammation in early and late

osteoarthritis. Ann Rheum Dis. 2005; 64(9):1263-7. [PubMed: 15731292]

. Myers SL, Brandt KD, Ehlich JW, et al. Synovial inflammation in patients with early osteoarthritis

of the knee. J Rheumatol. 1990; 17(12):1662-9. [PubMed: 2084242]

. Boniface RJ, Cain PR, Evans CH. Articular responses to purified cartilage proteoglycans. Arthritis

rheum. 1988; 31(2):258-66. [PubMed: 3348826]

. Fuerst M, Lammers L, Schafer F, et al. Investigation of calcium crystals in OA knees. Rheumatol

Int. 2010; 30(5):623-31. [PubMed: 19639325]

. Loeuille D, Chary-Valckenaere I, Champigneulle J, et al. Macroscopic and microscopic features of

synovial membrane inflammation in the osteoarthritic knee: correlating magnetic resonance imaging
findings with disease severity. Arthritis rheum. 2005; 52(11):3492-501. [PubMed: 16255041]

. Baker K, Grainger A, Niu J, et al. Relation of synovitis to knee pain using contrast-enhanced MRIs.

Annals Rheum Dis. 2010; 69(10):1779-83.

. Attur M, Samuels J, Krasnokutsky S, et al. Targeting the synovial tissue for treating osteoarthritis
(OA): where is the evidence? Best Pract Res Clin Rheumatol. 2010; 24(1):71-9. [PubMed:
20129201]

Blom AB, van der Kraan PM, van den Berg WB. Cytokine targeting in osteoarthritis. Curr Drug
Targets. 2007; 8(2):283-92. [PubMed: 17305506]

Wenham CY, Conaghan PG. The role of synovitis in osteoarthritis. Ther Adv Musculoskeletal Dis.
2010; 2(6):349-59.

Hayashi D, Roemer FW, Katur A, et al. Imaging of synovitis in osteoarthritis: current status and
outlook. Semin Arthritis Rheum. 2011; 41(2):116-30. [PubMed: 21295331]

Kornaat PR, Ceulemans RY, Kroon HM, et al. MRI assessment of knee osteoarthritis: Knee
Osteoarthritis Scoring System (KOSS)--inter-observer and intra-observer reproducibility of a
compartment-based scoring system. Skeletal Radiol. 2005; 34(2):95-102. [PubMed: 15480649]
Peterfy CG, Guermazi A, Zaim S, et al. Whole-Organ Magnetic Resonance Imaging Score
(WORMS) of the knee in osteoarthritis. Osteoarthritis cartilage. 2004; 12(3):177-90. [PubMed:
14972335]

Hunter DJ, Lo GH, Gale D, et al. 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(2):206-11. [PubMed: 17472995]

Braun HJ, Gold GE. Diagnosis of osteoarthritis: imaging. Bone. 2012; 51(2):278-88. [PubMed:
22155587]

Hunter DJ, Guermazi A, Lo GH, et al. Evolution of semi-quantitative whole joint assessment of
knee OA: MOAKS (MRI Osteoarthritis Knee Score). Osteoarthritis cartilage. 2011; 19(8):990-
1002. [PubMed: 21645627]

Peterfy CG, Schneider E, Nevitt M. The osteoarthritis initiative: report on the design rationale for
the magnetic resonance imaging protocol for the knee. Osteoarthritis cartilage. 2008; 16(12):1433—
41. [PubMed: 18786841]

Eckstein F, Wirth W, Nevitt MC. Recent advances in osteoarthritis imaging--the osteoarthritis
initiative. Nat Rev Rheumatol. 2012; 8(10):622-30. [PubMed: 22782003]

Nevitt, M.; Felson, DT.; Lester, G. The Osteoarthritis Intitiative. Protocol for the Cohort Study.
2006. cited 2014 3rd September. Available from: https://oai.epi-ucsf.org/datarelease/docs/
StudyDesignProtocol.pdf

Menkes CJ. Radiographic criteria for classification of osteoarthritis. JJ Rheumatol. 1991; 27:13-5.

Kellgren JH, Lawrence LJ. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 1957;
16:494-502. [PubMed: 13498604]

Ann Rheum Dis. Author manuscript; available in PMC 2016 June 22.


https://oai.epi-ucsf.org/datarelease/docs/StudyDesignProtocol.pdf
https://oai.epi-ucsf.org/datarelease/docs/StudyDesignProtocol.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Atukorala et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

38.

Page 10

Guermazi A, Hunter DJ, Li L, et al. Different thresholds for detecting osteophytes and joint space
narrowing exist between the site investigators and the centralized reader in a multicenter knee
osteoarthritis study--data from the Osteoarthritis Initiative. Skeletal Radiol. 2012; 41(2):179-86.
[PubMed: 21479521]

Roemer FW, Guermazi A, Felson DT, et al. Presence of MRI-detected joint effusion and synovitis
increases the risk of cartilage loss in knees without osteoarthritis at 30-month follow-up: the
MOST study. Ann Rheum Dis. 2011; 70(10):1804-9. [PubMed: 21791448]

Roemer FW, Guermazi A, Zhang Y, et al. Hoffa’s Fat Pad: Evaluation on Unenhanced MR Images
as a Measure of Patellofemoral Synovitis in Osteoarthritis. AJR Am J Roentgenol. 2009; 192(6):
1696-700. [PubMed: 19457837]

Loeuille D, Rat AC, Goebel JC, et al. Magnetic resonance imaging in osteoarthritis: which method
best reflects synovial membrane inflammation? Correlations with clinical, macroscopic and
microscopic features. Osteoarthritis cartilage. 2009; 17(9):1186-92. [PubMed: 19332177]

Rhodes LA, Keenan AM, Grainger AJ, et al. The relationship between limited MRI section
analyses and volumetric assessment of synovitis in knee osteoarthritis. Clin radiol. 2005; 60(12):
1295-9. [PubMed: 16291311]

Fernandez-Madrid F, Karvonen RL, Teitge RA, et al. Synovial thickening detected by MR imaging
in osteoarthritis of the knee confirmed by biopsy as synovitis. Magn Resonan Imaging. 1995;
13(2):177-83.

Hunter DJ. Advanced imaging in osteoarthritis. Bull NYU Hosp Jt Dis. 2008; 66(3):251-60.
[PubMed: 18937641]

Roemer FW, Kassim Javaid M, et al. Anatomical distribution of synovitis in knee osteoarthritis and
its association with joint effusion assessed on non-enhanced and contrast-enhanced MRI.
Osteoarthritis cartilage. 2010; 18(10):1269-74. [PubMed: 20691796]

Hill CL, Hunter DJ, Niu J, et al. Synovitis detected on magnetic resonance imaging and its relation
to pain and cartilage loss in knee osteoarthritis. Ann Rheum Dis. 2007; 66(12):1599-603.
[PubMed: 17491096]

Ledingham J, Regan M, Jones A, et al. Factors affecting radiographic progression of knee
osteoarthritis. Ann Rheum Dis. 1995; 54(1):53-8. [PubMed: 7880123]

Orita S, Koshi T, Mitsuka T, et al. Associations between proinflammatory cytokines in the synovial
fluid and radiographic grading and pain-related scores in 47 consecutive patients with
osteoarthritis of the knee. BMC Musculoskelet Dis. 2011; 12:144.

Chen B, Deng Y, Tan Y, et al. Association between severity of knee osteoarthritis and serum and
synovial fluid interleukin 17 concentrations. J Int Med Res. 2014; 42(1):138-44. [PubMed:
24319050]

Blom AB, van Lent PL, Holthuysen AE, et al. Synovial lining macrophages mediate osteophyte
formation during experimental osteoarthritis. Osteoarthritis cartilage. 2004; 12(8):627-35.
[PubMed: 15262242]

Markou P, Chatzopoulos D. Yttrium-90 silicate radiosynovectomy treatment of painful synovitis in
knee osteoarthritis. Results after 6 months. Hell J Nucl Med. 2009; 12(1):33-6. [PubMed:
19330180]

Ann Rheum Dis. Author manuscript; available in PMC 2016 June 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Atukorala et al.

Figure A. Effusion-synovitis. A. Axial dual echo at steady state (DESS) image shows grade
1 effusion synovitis. Intra-articular fluid and synovial thickening is depicted as hyperintensity
(asterisk). B. Axial DESS image shows marked distension of the joint capsule representing
grade 3 effusion-synovitis (asterisk).

Figure B. Hoffa-synovitis. A. Sagittal intermediate-weighted fat suppressed image shows
infrapatellar areas of hyperintensity within Hoffa’s fat pad representing a surrogate of
synovitis on non enhanced MRI. In this case grade 2 Hoffa-synovitis is shown (arrows). B.
Another knee exhibits marked signal alterations within Hoffa’s fat pad representing grade 3
Hoffa-synovitis (arrows). Note effusion-synovitis in addition (asterisk).

Figurel.
Effusion- synovitis and Hoffa synovitis on Magnetic resonance imaging
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Figure2.

Schema detailing the timing of onset of ROA (radiographic KOA) with number of subjects
who developing ROA at each time point. PO =time of onset of ROA), P-1=1 year prior to PO,
and BL=Baseline. N=Number (%). Red line — 1 year prior to the onset ROA
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Table 1

Baseline characteristics of the cases and controls in the study population

Cases (N=133) | Controls(N=133) | Pvalue
N (%) N (%)

Gender

Male 50 (37.59) 50 (37.59) NA

Female 83 (62.41) 83(62.41)
Age (mean +SD) 60.44+8.95 60.30+8.95 NA
BMI (mean +SD) 29.01+4.96 27.33+4.35
Number of knee bending activities 2.36 (1.37) 1.95 (1.39) .0229
Knee Pain
No pain 50 (37.59) 52 (39.01) .2264
Infrequent pain 43 (32.33) 53(39.85)
Frequent pain 40 (30.08) 28(21.05)
Previous Knee Injury 27 (20.30) 17(12.78) .1230
Previous Knee Surgery 5(3.76) 4 (3.01) 7394
Prevalence of Hoffa-synovitis at baseline 50 (37.59) 40 (30.08) .0194
Prevalence of effusion-synovitis at baseline 61 (46.21) 41(30.08) .1436
Contralateral knee Kellgren Lawrence Grade
0 63(47.37) 63(47.37) NA
1 11 (8.27) 11(8.27)
2+ 59 (44.36) 59 (44.36)

Page 13

Note: Group difference tests by GEE method accounting for case-control pairs and correlation of knees in individuals with bilateral OA. Criteria

used for matching could not be tested.
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