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Abstract
Objectives To investigate the cross-sectional associations between suprapatellar pouch effusion-synovitis and serum levels of
cartilage oligomeric matrix protein (COMP), high sensitivity C-reaction protein (hs-CRP), knee symptom, and structural changes
in patients with symptomatic knee osteoarthritis (OA).
Method A total of 173 subjects were included. The osteophytes, joint space narrowing (JSN), and radiographic severity of OA
were determined using X-ray. Cartilage defects, bone marrow lesions (BMLs), and suprapatellar pouch effusion-synovitis were
assessed using magnetic resonance imaging. Serum levels of COMP and hs-CRP were measured by enzyme-linked immuno-
sorbent assay. The knee joint symptom was self-reported using visual analogue scale.
Results In this OA cohort, after adjustment for age, sex, and BMI, the presence of pathological effusion-synovitis was associatedwith
serum levels of COMP (β: 30.98, P = 0.018), and suprapatellar pouch effusion-synovitis maximum areas were associated with serum
hs-CRP levels. Both suprapatellar pouch effusion-synovitis maximum area and grade were associated with osteophytes andKellgren-
Lawrence scores (ORs: 1.29–1.54, all P < 0.05). In patients with high tertile of hs-CRP, both suprapatellar pouch effusion-synovitis
maximum area and grade were associated with cartilage defects at lateral and medial tibiofemoral sites (ORs: 3.01–8.41, all P < 0.05)
after adjustment for covariates. In female patients, the significant associations were present between suprapatellar pouch effusion-
synovitis and medial tibiofemoral BMLs (ORs: 1.43–1.53, all P < 0.05) after adjustment for covariates.
Conclusions Suprapatellar pouch effusion-synovitis was associated with serum levels of COMP as well as hs-CRP and knee
structural abnormalities in patients with knee OA. These suggested that effusion-synovitis may play a role in knee OA.

Key Points
• Suprapatellar pouch effusion-synovitis is associated with serum levels of COMP in patients with knee OA.
• Suprapatellar pouch effusion-synovitis is associated with cartilage defects in knee OA patients with high systemic inflammation.
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Introduction

Osteoarthritis (OA), the most common joint disease, is not
only characterized by cartilage destruction but also by alter-
ation of subchondral bone and synovial tissue metabolism [1].
There are four stages of the progressive trajectory of OA,
which are the stages with biochemical changes, magnetic res-
onance imaging (MRI) evident changes, radiographically ev-
ident changes, and joint failure [1]. Unfortunately, almost all
patients with OA are definitively diagnosed based on symp-
toms and radiographic images only when the destruction of
joint tissue is irreversible [2]. MRI and serum biomarkers can
allow us to understand the earlier stages of this disease.
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Synovial activation, namely, hyperplasia and inflamma-
tion, has proved as a critical component of OA and a potential
predictor of disease progression [3]. OA patients have shown
low-grade chronic synovitis with a production of proinflam-
matory cytokines [4, 5]. It has been demonstrated that in-
flamed synovium produces catabolic and pro-inflammatory
mediators such as interleukin 17, nitric oxide, prostaglandin
E2, and neuropeptides, which lead to excess production of the
proteolytic enzymes responsible for cartilage breakdown and
disturbing the homeostasis of cartilage matrix degradation and
repair [6, 7]. These suggested that synovial inflammation may
be associated with knee structural changes; however, the rela-
tionship between them was still debated [8–10]. Effusion-
synovitis are typically assessed with qualitative description,
while in OA research the current standard is semi-
quantitative scales such as the Whole Organ Magnetic
Resonance Imaging Score (WORMS) [11]. Effusion-
synovitis was distinguished in four subregions according to
the anatomy of the knee joint synovial cavity, which are
suprapatellar pouch, central portion, posterior femoral recess,
and subpopliteal recess [12]. 89.2% of knees exhibited at least
one subregion with a minimum grade 2 of effusion-synovitis
in patients with knee OA [13]. In addition, Wang et al. report-
ed that knee effusion-synovitis, particularly in suprapatellar
pouch, may be causally related to cartilage defects [14].

Serum biomarkers can reflect the breakdown of cartilage
matrix proteins. Cartilage oligomeric matrix protein (COMP)
is a pentameric protein of the thrombospondin family which
can bind type I, II, and IX collagens [15]. It is synthesized by
chondrocytes, synovial cells, and other cells of the skeleton
and increased in chondrocytes and synovial cells when acti-
vated by proinflammatory cytokines [15]. COMP is a prom-
ising predictor of cartilage loss, active synovitis, as well as
accelerated joint erosion [16, 17], and it may be useful for
identifying patients at high risk of progression and assessing
therapeutic response in OA because of its faster response com-
pared with X rays [18, 19]. So far, the association between
effusion-synovitis and serum COMP is largely unclear.

Therefore, this study aimed to investigate the associations
between MRI-detected knee suprapatellar pouch effusion-
synovitis and serum levels of COMP, hs-CRP, joint symptom,
and knee structural changes including osteophytes (OP), joint
space narrowing (JSN), cartilage defect, and bone marrow
lesions (BMLs) in patients with knee OA.

Methods

Subjects

A total of 205 patients who fulfilled the American College of
Rheumatology criteria for the classification of clinical knee
OA [2] were consecutively recruited from the Department of

Rheumatology and Immunology in the First Affiliated
Hospital of Anhui Medical University, from January 2012 to
November 2013, to the Anhui Osteoarthritis (AHOA) study.
Participants with rheumatoid arthritis or other arthritis and
having knee surgery recently or contraindications to MRI
were excluded. Thirty-two patients were excluded from the
study because of incomplete data, leaving 173 patients. The
study was approved by the First Affiliated Hospital, Anhui
Medical University Ethics Committee (ethics approval num-
ber: H1000589), and written informed consent were obtained
from all participants.

Knee MRI assessment

The painful knee (the worse one if both were affected; the right
knee if both knees were equally painful) of each patient was
imaged on a 3.0-T whole-body MR unit (GE Signa 3.0 T
HDXT, USA) and a T2-weighted fat suppressed fast spin echo
(flip angle 90°, repetition time 3067ms, echo time 112ms, field
of view 16 cm, 15 partitions, 228 × 256-pixel matrix) was used
[20]. Sagittal images were obtained at a slice thickness of 4 mm
with an interslice gap of 0.5 to 1.0 mm [20]. All the structural
changes were determined using OsiriX software [21].

Knee suprapatellar pouch effusion-synovitis was assessed
as the presence of an intra-articular fluid-equivalent signal
which extends superiorly from the upper surface of the patel-
lar, between the posterior suprapatellar fat pad and the anterior
surface of the femur on T2-weighted MRI. Suprapatellar
pouch effusion-synovitis grade was scored from 0 to 3 in
terms of the estimated maximal distention of the synovial
cavity individually according to WORMS [11]. Pathological
effusion-synovitis was defined as a score of ≥ 2 [8]. The
effusion-synovitis maximal area was selected from the
effusion-synovitis area of each slice directly generated in the
entire series of images. Two observers measured suprapatellar
pouch effusion-synovitis maximal area. The intra-observer
and inter-observer reproducibility was 0.81 and 0.60, respec-
tively [22].

Cartilage defects were assessed on the T2-weighted MRIs
at lateral tibial plateau (LT), medial tibial plateau (MT), lateral
femoral plateau (LF), and medial femoral plateau (MF) sites
[11] and scored 0–4 using the modified Outerbridge Score
[23] as described in our previous study [21]. A cartilage defect
had to be present in at least two consecutive slices. Lateral
tibiofemoral cartilage defects were the sum of LT and LF
cartilage defects. Medial tibiofemoral cartilage defects were
the sum of MT and MF cartilage defects. The intraclass cor-
relation coefficients (ICCs) for intra- and inter-observer repro-
ducibility were 0.85–0.93 and 0.89–0.94, respectively [21].

Subchondral BMLs were assessed at the medial and lateral
tibial, medial, and lateral femoral on T2-weighted and defined
as the discrete region of increased signal intensity in the mar-
row space adjacent to subcortical bone. A semi-quantitative
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scoring system was used to evaluate the grade of BMLs from
0 to 3 based on the extent of regional involvement as previ-
ously described [14]. Lateral tibiofemoral BMLswere the sum
of LTand LF BMLs.Medial tibiofemoral BMLswere the sum
of MT and MF BMLs. Intra-observer repeatability was
assessed in 50 subjects between two readers with ICCs from
0.89 to 1.00 at different sites [24].

Knee X-ray assessment

A standing anteroposterior semiflexed view of the painful
knee (as previously defined) with 15° of fixed knee flexion
was performed in all patients. Each knee joint was scored for
osteophytes and joint space narrowing (JSN), each on a scale
of 0–3, according to Osteoarthritis Research Society
International (OARSI) atlas [25]. Kellgren-Lawrence (K-L)
grading system (grades 0–4) was used to assess the radio-
graphic severity of OA [26]. Radiographic OA (ROA) was
defined as K-L grade of ≥ 2 [27]. Two investigators evaluated
the grade of JSN and osteophytes. The intraclass correlation
coefficient (ICC) was 0.95 for osteophytes and 0.93 for JSN.
The interclass correlation coefficient was 0.90 for osteophytes
and 0.88 for JSN.

Joint symptom assessments

Using visual analogue scale (VAS) 0–10, the knee joint pain
and stiffness after first awakening were self-reported.

Serological indicators

Fasting blood samples were collected from patients. Serumwas
separated and aliquoted into plastic storage tubes stored at −
80 °C till analysis. Serum levels of COMP and hs-CRP were
measured by enzyme-linked immunosorbent assay (R&D
Systems, USA) kits according to manufacturer instructions.
The optical density wasmeasured at 450 nm using an automatic
ELISA reader (Sunrise; Tecan, Mannedorf, Switzerland).

Statistical methods

Student’s t-tests, chi-square tests, and the Mann-Whitney U
tests were used to compare means, proportions, and medians,
respectively. We examined the associations between effusion-
synovitis, knee joint symptom, hs-CRP, and COMP using
linear regression. Ordinal logistic regression analyses were
used to estimate associations between effusion-synovitis and
JSN, osteophytes, cartilage defects, and BMLs after adjusted
for age, gender, and BMI, and lateral or medial tibiofemoral
osteophytes, JSN, cartilage defects or BMLs (where appropri-
ate) were further adjusted in these analyses. All statistical
analyses were performed on SPSS 13.0. Statistical signifi-
cance was set as a P value of ≤ 0.05 (two-tailed).

Results

One hundred seventy-three subjects (85.7%) of females were
included in this study. The average age was 55.3 years, and
average serum levels of COMP were 127.1 ng/ml. The prev-
alence of knee suprapatellar pouch effusion-synovitis (≥ 2)
was 52.0% (N = 90), and the average maximum area of
suprapatellar pouch effusion was 1.220 cm2. As shown in
Table 1, participants with or without pathological effusion-
synovitis (score 0–1 vs 2–3) were similar in terms of gender,
BMI, JSN, cartilage defects, and knee symptom; however,
participants with pathological effusion-synovitis were older
and had higher proportions of osteophytes and ROA, total
BMLs scores, and serum levels of COMP.

Although suprapatellar pouch effusion-synovitis maxi-
mum areas and grades were not significantly associated
with serum levels of COMP after adjustment for age, sex,
and BMI, presence of pathological suprapatellar pouch
effusion-synovitis was positively associated with serum
levels of COMP after adjustment for confounders (β:
30.98, 95% CI 5.49–56.47, P = 0.018). Suprapatellar
pouch effusion-synovitis maximum areas were associated
with serum levels of hs-CRP after adjustment for age, sex,
and BMI (β: 0.567, 95% CI 0.033–1.101, P = 0.037),
while suprapatellar pouch effusion-synovitis grades were
not associated with hs-CRP after adjustment for con-
founders (β: 0.504, 95% CI − 0.108–1.116, P = 0.106).
Nonsignificant association between knee suprapatellar
pouch effusion-synovitis and knee pain/stiffness was found
in patients with knee OA in our study (data not shown).

Suprapatellar pouch effusion-synovitis maximum areas
and grades were significantly associated with lateral and
medial tibiofemoral of osteophyte and K-L scores after
adjustment for age, sex, and BMI (Table 2). Suprapatellar
pouch effusion-synovitis maximum areas were associated
with medial JSN after adjustment for confounders
(Table 2). Suprapatellar pouch effusion-synovitis grades
were not associated with JSN after adjustment for con-
founders (Table 2).

In multivariable analyses, suprapatellar pouch effusion-
synovitis maximum areas or grades were not significantly
associated with cartilage defects and BMLs (data not
shown). However, suprapatellar pouch effusion-synovitis
maximum areas and grades were significantly and posi-
tively associated with cartilage defects in patients with
high tertile of serum levels of hs-CRP (> 2.02 mg/L) and
remained significant after further adjustment for lateral or
medial tibiofemoral osteophytes, JSN and BMLs
(Table 3), but not in patients with low or middle levels
of hs-CRP (data not shown). Suprapatellar pouch
effusion-synovitis maximum areas were associated with
medial and lateral tibiofemoral BMLs in female after ad-
justment for age, sex, and BMI, while suprapatellar pouch
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effusion-synovitis grades were associated with medial
tibiofemoral but not with lateral tibiofemoral BMLs in
female (Table 4). The significant associations apart from
that in lateral tibiofemoral portion remained significant
after further adjustment for lateral or medial tibiofemoral
osteophytes, JSN, and cartilage defects (Table 4). By con-
trast, suprapatellar pouch effusion-synovitis was not asso-
ciated with BMLs in male at any site (data not shown).

Discussion

To the best of our knowledge, this is the first study to report
the significant associations between suprapatellar pouch
effusion-synovitis and serum COMP in patient with knee
OA. Our results suggested that suprapatellar pouch effusion-
synovitis not only associated with osteophyte, K-L grade, car-
tilage defect in patients with high tertile of hs-CRP levels, and
BMLs in female patients but also associated with serum
COMP and hs-CRP which could respectively reflect cartilage

Table 1 Characteristics of
participants (split by absence or
presence of pathological effusion-
synovitis)

Characteristics Knee suprapatellar pouch pathological effusion-synovitis

Absent (Grade 0–1)

N = 83

Present (Grade 2–3)

N = 90

P value

Age (years)† 53.08 (8.13) 57.17 (7.94) 0.001

Females (%)‡ 89 82 0.195

Body mass index (kg/m2)† 25.26 (4.55) 25.87 (3.03) 0.304

Joint space narrowing (%)‡ 40.8 59.2 0.241

Osteophytes (%)‡ 26.8 73.2 0.001

ROA (%)‡ 40.5 59.5 0.004

Total cartilage defect score§ 18 (16, 22) 19.5 (17, 25.75) 0.059

Total BMLs score§ 1 (0, 3.5) 3 (1, 7) 0.002

COMP (ng/ml)† 105.48 (54.38) 147.38 (92.63) 0.002

knee pain† 4.35 (2.22) 4.40 (2.39) 0.868

stiffness† 3.43 (2.33) 3.40 (2.38) 0.939

Results are shown as mean (standard deviation), percentage or median (interquartile range)

†t tests were used for mean (standard deviation)

‡χ2 tests were used for proportions

§Mann-Whitney U tests were used for median (interquartile range)

Table 2 Associations between knee suprapatellar pouch effusion-
synovitis and osteophyte, JSN and K-L grade (N = 173)

Multivariable†
OR (95% CI)

P value

Maximum area

Lateral tibiofemoral osteophyte 1.47 (1.13, 1.85) 0.004

Medial tibiofemoral osteophyte 1.29 (1.01, 1.65) 0.043

Lateral joint space narrow 1.08 (0.78, 1.32) 0.901

Medial joint space narrow 1.32 (1.01, 1.72) 0.041

K-L grade 1.46 (1.13, 1.87) 0.004

Grade

Lateral tibiofemoral osteophyte 1.48 (1.07, 2.05) 0.018

Medial tibiofemoral osteophyte 1.45 (1.05, 2.01) 0.025

Lateral joint space narrow 0.85 (0.60, 1.19) 0.333

Medial joint space narrow 1.24 (0.87, 1.76) 0.242

K-L grade 1.54 (1.11, 2.14) 0.009

Dependent variables: osteophyte (0–3, the maximal grade at the femoral
or tibial site was used), joint space narrowing (0–3), and K-L grade (0–4).
Independent variable: knee suprapatellar pouch effusion-synovitis (per
cm2 or grade)

†Adjusted for age, gender, and BMI

Table 3 Associations between knee suprapatellar pouch effusion-
synovitis and cartilage defects in patients with high tertile of hs-CRP
levels (N = 58)

Multivariable†
OR (95% CI)

P value Multivariable*
OR (95% CI)

P value

Maximum area

LTFCD 3.05 (1.34, 6.90) 0.008 3.01 (1.09, 8.31) 0.034

MTFCD 3.06 (1.44, 6.50) 0.004 4.02 (1.53, 10.54) 0.005

Grade

LTFCD 2.96 (1.08, 8.09) 0.034 4.12 (1.12, 15.26) 0.034

MTFCD 6.88 (2.13, 20.35) 0.001 8.41 (1.82, 38.94) 0.006

Dependent variables: cartilage defects (0–4, the maximal grade of each
site at medial or lateral tibiofemoral compartment was used). Independent
variable: knee suprapatellar pouch effusion-synovitis (per cm2 or grade)

†Adjusted for age, gender, and BMI

*Further adjusted for osteophyte, joint space narrowing, and bone mar-
row lesions

LTFCD, lateral tibiofemoral cartilage defects; MTFCD, medial
tibiofemoral cartilage defects
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degradation and local inflammation. These suggest that
suprapatellar pouch effusion-synovitis may be associated with
early changes of cartilage by knee OA patients with inflam-
matory phenotype.

Synovitis has traditionally been considered as a hallmark of
inflammatory arthritis but is less relevant to clinical OA, while
there is emerging evidence linking synovial inflammation and
both early and late OA [4, 28]. The synovial tissues of early
OA with hydrarthrosis showed moderate proliferation of
fibroblast-like synoviocytes similarly to RA and were
immunohistochemically positive for matrix metalloproteinase
3, tumor necrosis factor α, and interleukin 6 [29]. Catabolic
and proinflammatory mediators are produced by the inflamed
synovium and alter the balance of cartilage matrix degradation
and repair, leading to excess production of the proteolytic
enzymes responsible for cartilage breakdown [6, 7].
Cartilage alteration in turn amplifies synovial inflammation,
creating a vicious circle [7].

MRI has many advantages in visualizing the joint and is
useful to investigate early “preclinical” disease before radio-
graphic changes occur [30]. Homogeneous hyperintensity
within the joint cavity on MRI proton density (PD)-weighted
(w) fat suppressed images represent both effusion and syno-
vial thickening [13]. For this reason, some researchers sug-
gested a combined score of assessing joint effusion and syno-
vitis [11]. Roemer et al. reported that synovitis in the
suprapatellar region was shown in 59.5% of 111 patients with
knee OA [13], and the prevalence of moderate or larger effu-
sions was 54.6% in patients with knee pain or radiographic
OA [31]. Similarly, we found that the prevalence of knee
suprapatellar pouch effusion-synovitis of ≥ 2 was 52.1% in
patients with symptomatic knee OA.

COMP is an important degradation product of articular
cartilage which is synthesized and secreted not only by artic-
ular chondrocytes but also by synovial fibroblasts. Increased
serum level of COMP has been associated with accelerated
joint damage in patients with OA [17]. Compared with JSN
assessed by X-ray, or cartilage defects assessed by MRI, car-
tilage damage could be reflected much earlier through serum
COMP. Previous studies of COMP were usually limited to its
correlations with osteophytes, cartilage loss, and severity of
knee OA [32–34]. The relationship between effusion-
synovitis and COMP is still on debate. El-Arman et al. ob-
served no significant correlations between COMP levels and
joint effusion as well as synovial thickening in patients with
knee OA [35], while suprapatellar effusion was related direct-
ly to serum COMP levels in women [36]. COMP biomarker
can be an indicator of the appearance of effusion (sensitivity =
59%, specificity = 50%), while the connection was not proved
between the concentration of COMP with the size of effusion
and synovitis [37]. Our study reported that the presence of
pathological suprapatellar pouch effusion-synovitis was asso-
ciated with serum COMP. This weak but significant associa-
tion suggesting that suprapatellar pouch effusion-synovitis
may be associated with early cartilage degradation before ir-
reversible damage has occurred. The inflamed synovium may
provide an additional source for the elevated levels of COMP
observed in OA [17].

Recently, hs-CRP assays, which can detect CRP levels that
are an order of magnitude lower than traditional assays, were
used to measure low-level CRP in OA, where there is a local,
low-grade inflammatory component. A cross-sectional study
observed a trend that CRP had a positive association with
effusion among individuals with a normal weight [38]. Our
study found that suprapatellar pouch effusion-synovitis max-
imum areas were significantly associated with serum hs-CRP,
which reflects synovial inflammation in OA patients perhaps
by means of synovial interleukin 6 production [39, 40]. It was
further verified that effusion-synovitis which represents both
effusion and synovial thickening reflected local inflammation
within the joint in OA patient and suggests that elevated hs-
CRP may identify a potential inflammatory osteoarthritic phe-
notype [39, 40].

The clinical symptoms of OA include pain, stiffness, and
dysfunction. As one of the most important symptoms of OA,
knee pain is multifactorial and has many risk factors which
may include body mass index [41] and knee structural abnor-
malities such as cartilage defects and bone marrow lesions
[42, 43], as well as inflammation [14]. Previous studies re-
vealed inconsistent associations between knee effusion and
pain: some reported that knee effusion was associated with
pain in OA [31, 44, 45], while some did not [10, 46]. The
reasons underlying these discrepancies are unclear, but they
may be due to the variations in study design, sample size,
study populations, the nature of the study sample (e.g., age,

Table 4 Associations between knee suprapatellar pouch effusion-
synovitis and bone marrow lesions in female patients (N = 148)

Multivariable†
OR (95% CI)

P value Multivariable*
OR (95% CI)

P value

Maximum area

LTFBMLs 1.33 (1.01, 1.77) 0.044 1.30 (0.96, 1.75) 0.087

MTFBMLs 1.43 (1.08, 1.89) 0.014 1.43 (1.04, 1.97) 0.028

Grade

LTFBMLs 1.37 (0.96, 1.95) 0.080 1.34 (0.90, 1.99) 0.146

MTFBMLs 1.75 (1.22, 2.51) 0.002 1.53 (1.01, 2.33) 0.047

Dependent variables: bone marrow lesions (0–4, the maximal grade of
each site at medial or lateral tibiofemoral compartment was used).
Independent variable: knee suprapatellar pouch effusion-synovitis (per
cm2 or grade)

†Adjusted for age, gender, and BMI

*Further adjusted for osteophyte, joint space narrowing, and cartilage
defects

LTFBMLs, lateral tibiofemoral bone marrow lesions;MTFBMLs, medial
tibiofemoral bone marrow lesions
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sex distribution), individual psychological factors, and/or du-
ration of follow-up [47]. Indeed, the acquisition and record of
clinical symptoms are relatively simple in our study, and the
evaluation of pain and morning stiffness using VAS (0–10)
may not be a good approach to reflect the clinical manifesta-
tions of OA patients. Above reasons may explain why we did
not find significant association between clinical symptoms
and effusion in this study.

Effusion-synovitis strongly predicted the development of
knee ROA [48]. Atukorala et al. found that pro-inflammatory
cytokines, such as tumor necrosis factor alpha and interleukin
6, contributed to OA pathogenesis by increasing cartilage deg-
radation and indicated that synovial membrane inflammation
played a role in ROA [48, 49]. Roemer et al. found that more
intra-articular sites were affected by synovitis and higher
grades of joint effusion were associated with higher grades
of radiographic tibiofemoral OA [13], and MRI-detected joint
effusion was associated with a higher incidence of ROA [50].
JSN and osteophyte scores were positively associated with the
change in effusion-synovitis volume [51]. Our study found
that suprapatellar pouch effusion-synovitis maximum areas
and grades were significantly associated with lateral and me-
dial tibiofemoral OP and K-L scores. These suggested that
suprapatellar pouch effusion-synovitis could have a link with
structural changes in OA.

Whether knee joint effusion-synovitis was associated with
increased knee cartilage defects was still on debate. Hill
et al. reported that despite cartilage loss occurring in over
50% of patients with knee OA, synovitis was not associated
with cartilage loss in either tibiofemoral or patellofemoral
compartment [10]. While Roemer et al. found that synovitis
and effusion might increase the risk of cartilage loss in 347
individuals with a statistically borderline significance (P =
0.07) [9]. Joint effusion-synovitis in suprapatellar pouch was
consistently associated with cartilage defects and reduced
cartilage volume in older adults both cross-sectionally and
longitudinally [14]. In patient with OA, proinflammatory
mediators are produced by the inflamed synovium and alter
the balance of cartilage matrix degradation and repair [6, 7].
The associations between effusion-synovitis and cartilage
alteration may be different in patients with different OA
phenotypes. Serum high sensitivity C-reactive protein has
been shown to correlate well with CRP in synovial fluid
and reflects synovial inflammation in OA patients [39, 40].
The median C reactive protein level was 2.03 mg/l in pa-
tients with hip osteoarthritis observed by Conrozier et al.
[52]. So we choose high tertile of hs-CRP (> 2.02 mg/l) as
the cutoff value. Our study found that knee suprapatellar
pouch effusion-synovitis was associated with cartilage de-
fects in patients with high tertile of hs-CRP levels, indicating
that joint effusion-synovitis was associated with knee carti-
lage damage by knee OA patients with inflammatory
phenotype.

BMLs have been reported to play a pivotal role in knee OA
[28, 42], but the causes of the BMLs are still uncertain. There
have been only a few studies reporting the association between
joint effusion-synovitis and BMLs. A cross-sectional study re-
ported that synovial membrane volume was significantly associ-
ated with subchondral BMLs [43]. Wang et al. reported the
significant association between effusion-synovitis and BMLs in
most joint regions; however, these significant associations disap-
peared after adjustment for cartilage defects, indicating joint ef-
fusion may lead to BMLs via cartilage defects [14]. Our study
found suprapatellar pouch effusion-synovitis was associated
with medial tibiofemoral BMLs in female patients. It may be
that hormonal difference plays a role in explaining sex differ-
ences. It has previously been shown that estrogen can act on
subchondral bone via receptors and second messengers such as
the regulatory polypeptides TGF-α, interfering with osteoclast
and osteoblast coupling [53]. Moreover, estrogen and progester-
one receptors were found in the lining cells of human synovium
[54]. In females, estrogen levels increase at puberty and decrease
to levels that are lower than circulating levels in men at meno-
pause [54]. The change of estrogen levels may activate synovial
abnormalities and eventually increase cartilage degradation by
producing inflammatory mediators. Low serum levels of endog-
enous estradiol, progesterone, and testosterone are associated
with increased knee effusion-synovitis in women with OA
[55]. Knee effusion-synovitis may be causally related to cartilage
defects, which would lead to BMLs over time [14]. The sex-
specific nature of estrogen on articular cartilage is supported by
several studies [56, 57]. The effect of estrogen on synoviummay
also appear to be sex-specific. The variations in sex hormones
and other factors that may underlie the sex differences in knee
effusion-synovitis and BMLs need to be further explored.

There are several potential limitations to our study. First, it
was a cross-sectional study so the causal relationship was
unknown. This needs to be determined by further cohort stud-
ies. Second, we did not have contrast-enhanced MRI to eval-
uate synovitis because of the risk of contrast agents and the
high price. However, Roemer et al. reported that definite sy-
novitis evaluated by contrast-enhanced MRI was present in
96.3% knees with an effusion [13], which suggested that joint
effusion could almost represent synovitis. Third, the sample
size was modest particularly in those with high levels of hs-
CRP. It is possible that with larger sample size, more signifi-
cant associations can be detected. Fourth, we did not assess
the inter- or intra-observer reproducibility, so measurement
error may influence results. However, given all measures were
highly reproducible, this is considered unlikely. Last, all pa-
tients are Asian, so the results may not generalizable to pa-
tients with general knee OA.

In conclusion, suprapatellar pouch effusion-synovitis was
associated with serum levels of COMP as well as knee struc-
tural abnormalities in patients with knee OA. These suggest
that effusion-synovitis may play a role in knee OA.
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