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The association between meniscal damage of the posterior
horns and localized posterior synovitis detected on T1-weighted
contrast-enhanced MRI—the MOST study

Frank W. Roemer, MD"T, David T. Felson, MD, MPH¥*, Tianzhong Yang, MS¥, Jingbo Niu,
MD¥, Michel D. Crema, MD", Martin Englund, MD, MPH*:8, Michael C. Nevitt, PhDl, Yuging
Zhang, DSc¥, John A. Lynch, PhDIl, George Y. El Khoury, MDY, James Torner, PhD*, Cora
E. Lewis, MD", and Ali Guermazi, MD, PhD"

Abstract

Objective—Synovitis is thought to be a secondary phenomenon in the osteoarthritis (OA)
process and the menisci might be triggers of localized synovitis. The aim was to assess the cross-
sectional associations of posterior horn meniscal damage with perimeniscal synovitis, and with
synovitis posterior to the posterior cruciate ligament (PCL) using contrast enhanced (CE) MRI.
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Design—The Multicenter Osteoarthritis (MOST) Study is a longitudinal observational study of
subjects with or at risk for knee OA. Subjects are a subset of MOST who were examined with 1.5
T CE MRI and had semiquantitative synovitis (scored from 0-2 at 11 locations) and meniscal
readings (scored with WORMS from 0-4 ) available. Logistic regression was used to assess the
association of posterior meniscal damage and perimeniscal synovitis in the same compartment,
and between posterior meniscal damage and synovitis posterior to the PCL.

Results—Three hundred and seventy seven knees were included (mean age 61.1 years + 6.9,
mean BMI 29.6 + 4.9, 44.3% women). The odds for ipsi-compartmental perimeniscal synovitis
were increased for knees with medial posterior horn meniscal damage (adjusted odds ratio [aOR]
2.5, 95% confidence intervals [95% CI] 1.3,4.8), but not for lateral damage (aOR 1.7, 95% ClI
0.4,6.6). No positive associations were found for meniscal damage and presence of synovitis
posterior to the PCL (aOR 0.9, 95% CI 0.6,1.5).

Conclusions—Meniscal damage of the posterior horns is associated with ipsi-compartmental
perimensical synovitis. No associations were found for posterior horn meniscal damage with
synovitis posterior to the PCL, which suggests that synovitis posterior to the PCL is likely to be
triggered by different pathomechanisms.

Keywords

Osteoarthritis; Magnetic resonance imaging; Synovitis; Meniscal damage

Degenerative joints regularly demonstrate signs of synovial activation, i.e. inflammatory
synovial thickening and joint effusion, even in the early phase of disease process [1-3]. The
degree of synovitis correlates with radiographic disease stage, pain and may be a marker of
structural change and clinical outcome [4-6]. The histological correlates of synovitis include
synovial hyperplasia, fibrosis, thickening of the synovial capsule, activated synoviocytes and
in some cases lymphocytic infiltrates [7].

In knee osteoarthritis (OA) synovitis is thought to be a secondary phenomenon triggered by
release of detritus from joint structures including cartilage and also meniscal damage, as
synovial cell response seems to play an important role in meniscal tear repair [8-10]. An
association between meniscal damage and concomitant joint effusion has been described in
the Framingham OA study and others have reported perimeniscal synovitis to be associated
with meniscal tears [11,12]. However, this association is still under discussion. A recent
study investigated the association between meniscal damage, meniscal extrusion and
localized synovitis and found an association for medial meniscal extrusion and localized
synovitis but not for lateral extrusion, and not for adjacent meniscal tears and other forms of
damage [13].

To date, semiquantitative MRI assessment of synovitis in large studies of OA is usually
performed on non-enhanced fluid-sensitive fat suppressed (fs) sequences [14]. Commonly,
signal alterations in Hoffa’s fat pad are scored as synovitis surrogates [3], which have shown
an association with pain severity, but have proven to represent only a non-specific marker
when using contrast-enhanced MRI as the reference standard [15]. Comparing three
different scoring systems to evaluate synovitis and joint effusion, Loeuille et al. reported that
only scoring of contrast-enhanced T1-weighted images correlated with microscopically
proven synovitis [16]. Recently, reliable instruments have been introduced that are able to
assess synovitis in a semi-quantitative fashion at multiple sites within the knee joint on
contrast-enhanced images [13,17].

An MRI-based analyses from the VIDEO study describing the anatomical distribution of
synovitis in knee OA reported that the most prevalent location of any intraarticular synovitis
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in OA knees is around the posterior cruciate ligament (PCL), a finding unexplained [18].
The absolute most frequent location of meniscal damage is the posterior horn of the medial
meniscus [19]. Synovitis posterior to the posterior cruciate ligament could be triggered by
meniscal damage of the posterior horns, a neighboring anatomical location. Further,
meniscal damage of the posterior horns might be an important trigger for predominantly
posterior whole-knee synovitis.

Thus, the aims were to assess (1) if posterior horn meniscal damage is associated with ipsi-
compartmental synovitis, (2) if posterior horn meniscal damage is associated with synovitis
around the posterior cruciate ligament when compared to knees without posterior horns tears
and (3) if posterior horn meniscal damage is associated with predominantly posterior whole-
knee synovitis.

PATIENTS AND METHODS
Study design and subjects

Subjects were participants in the Multicenter Osteoarthritis Study (MOST), a prospective
study of 3026 persons aged 50-79 years with a goal of identifying risk factors for incident
and progressive knee OA in a sample either with OA or at high risk of developing disease.
Subjects were recruited from two US communities, Birmingham, Alabama and lowa City,
lowa. Details of subject inclusion, exclusion and recruitment have been described previously
[20,21]. The study protocol was approved by the institutional review boards at the
University of lowa, University of Alabama, Birmingham; University of California, San
Francisco and Boston University Medical Campus, and written informed consent was
obtained from all participants.

For the present study, an unselected subset of MOST subjects who volunteered to undergo a
1.5 T CE-MRI of one knee at the 30-month follow-up clinic visit was studied. Altogether
1295 subjects were approached at the two clinical centers (624 at Birmingham and 671 at
lowa City). Of these, 336 participants refused to undergo the 1.5 T CE MRI. Documented
reasons were “unwillingness to receive injection” (7= 121), “no time/too busy” (1= 169)
and “other reasons” (1= 46). Two hundred and fifty six subjects were excluded because
they reported kidney disease, had an elevated serum creatinine level or did not receive a 1.0
T MRI at 30 months. Finally, 157 subjects that were approached and scheduled missed the
30-month visit for other reasons leaving 546 subjects that were examined with 1.5 T CE
MRI.

CE-MRIs were obtained on one knee only. To choose the knee to image, radiographs were
read and the knee with the lower KL grade was selected to avoid knees with severe OA and
likely co-occurrence in these knees of structural features associated with pain. If the grade
was the same for both knees, the dominant leg was chosen. The CE-MRI was performed on
the same day or within 30 days of non CE-MRIs obtained in all MRI eligible subjects in the
parent study. For subjects with renal disease, diabetes or over the age of 65, serum creatinine
was determined and the glomerular filtration rate (GFR) calculated before intravenous
gadolinium administration. Those subjects with renal insufficiency (GFR <30 ml/min) were
excluded from the study.

Radiographs

All subjects underwent weight-bearing posteroanterior (PA) fixed flexion knee radiographs
using the protocol by Peterfy et al. and a plexiglass positioning frame (SynaFlexer™) [22] at
30-month follow-up. A musculoskeletal radiologist (a non-author) and a rheumatologist
(DTF), blinded to clinical data, graded radiographs according to the Kellgren—Lawrence (K/
L) grade [23], followed by an adjudication process (by two non-authors and DTF).

Semin Arthritis Rheum. Author manuscript; available in PMC 2014 June 01.
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MRI acquisition

In the MOST parent study, MR imaging was performed using a 1.0 T extremity-based
OrthOne scanner (Oni Inc, Wilmington, MA) but CE scans were not advisable. Images were
acquired using a circumferential extremity coil using fat-suppressed, fast spin echo, proton
density-weighted sequence in two planes, sagittal (TR = 4800 ms, TE = 35 ms, 3.0 mm slice
thickness, 0 mm interslice gap, FOV 14 x 14 cm?, matrix 288 x 192, NEX2); and axial (TR
= 4700 ms, TE = 13.2 ms, 3.0 mm slice thickness, 0 mm interslice gap, FOV 14 cm, matrix
288 x 192, NEX2) and a short tau inversion recovery sequence (STIR) in the coronal plane
(TR=7820 ms, TE = 14 ms, Tl = 100 ms, 3.0 mm slice thickness, 0 mm interslice gap,
FOV 14 cm, matrix 256 x 256, NEX2).

For the purpose of this study, CE-MRIs were obtained with a 1.5 T system (Siemens
MAGNETOM Symphony™, Malvern, PA) with a circumferential extremity coil. Axial and
sagittal fat-suppressed T1-weighted CE sequences were acquired (TR =600 ms, TE = 13
ms, 3.0 mm slice thickness, 0.3 mm interslice gap, FOV 16 x 16 cm?, matrix 512 x 512,
ETL 1). Intravenous gadolinium (Magnevist (gadopentetate dimeglumine; Bayer Health-
Care Pharmaceuticals, Bayer Schering Pharma AG, Berlin, Germany) or Omniscan
(gadodiamide; GE Healthcare, New Jersey, USA)) was administered at a dose of 0.2 ml (0.1
mmol)/kg body weight. Two minutes after completing the injection of the gadolinium,
sagittal sequences were obtained immediately followed by the axial sequences. The timing
of scanning (2 min post injection) was chosen so that we can visualize the maximal synovial
enhancement, and also to be able to complete acquisition of images before blurring of
synovitis/effusion borderline occurred due to effusion enhancement from the periphery [24].

MRI interpretation

MRI readings were performed independently by two musculoskeletal radiologists (AG,
FWR), with 9 and 7 years of experience respectively in semiquantitative MR assessment of
knee OA, after an initial session of training and calibration with 20 test cases that were
randomly-selected. Synovitis was scored using the axial and sagittal CE-MRI sequence,
while effusion and bone marrow lesions were scored using the non CE-MRI sequences of
the parent study. MR images were assessed using eFilm™ software (Version 2.0.0, Merge
Healthcare, Milwaukee, WI). Readers were blinded to the subjects’ pain status.

Synovitis was defined as enhancing thickened synovium (>2 mm) and was evaluated at 9
sites of the joint, i.e. the medial and lateral parapatellar recess, suprapatellar, infrapatellar,
intercondylar, medial and lateral perimeniscal, and adjacent to the anterior (ACL) and
posterior to the posterior cruciate ligaments in all subjects. If knees presented with Baker’s
cysts or loose bodies, these two sites were scored in addition. Three sites were considered as
posterior anatomical loations, i.e. perimeniscal medial, perimeniscal lateral and around the
PCL. Synovial thickness was scored semiquantitatively based on the maximal thickness in
any slice at each site as follows: grade 0 if <2 mm, grade 1 if 2-4 mm, and grade 2 if >4
mm.

A reliability exercise was performed on 50 randomly chosen examinations. The weighted
kappa values for the individual sites were 0.67-1.00 for reader 1 and 0.63-1.00 for reader 2.
Inter-observer reliability (kappa) for the individual sites ranged 0.67-0.92. The intraclass
correlation coefficient (ICC) of summed synovitis score from 11 sites for intra-reader
reliability was 0.98 (95% CI 0.97, 0.99) for reader 1, 0.96 (0.91, 0.98) for reader 2 and the
inter-reader reliability was 0.94 (0.88, 0.97) [17].

Meniscal status was graded according to the Whole-Organ MRI Score (WORMS) method
using the 1.0 T extremity MRIs [25]. The anterior horn, body segment, and the posterior
horn of the medial and lateral menisci were scored separately from 0 to 4: 0 = intact; 1 =
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minor radial or parrot-beak tear; 2 = non-displaced tear; 3 = displaced tear; 4 = complete
maceration or destruction (inter-observer reliability for meniscal scoring weighted-kappa
0.79, 95% confidence intervals [0.59,0.97]). The readers regarded intrameniscal signal as a
meniscal tear only when it communicated with the meniscal inferior or superior margin on
atleast two slices. Intrameniscal signal alterations that did not fulfill the aforementioned
criteria of a tear were scored as no tear (Grade 0) (Fig. 1).

Statistical analysis

RESULTS

Synovitis was defined as predominantly posterior in location when any of the three posterior
locations had a synovial thickness score of grade 2 and no other sites had scores of grade 2.
A synovitis score =1 was defined as synovitis presence in an individual location. A separate
analysis was performed focusing on severe (= grade 2) synovitis only.

Logistic regression was used to assess the association of posterior horn meniscal damage
(predictor) and ipsi-compartmental perimeniscal synovitis (outcome). In addition we
examined the association between mensical damage (predictor) and synovitis posterior to the
PCL and predominantly posterior whole knee synovitis (outcome). Adjustment was
performed for age, gender, radiographic OA and body mass index. All analyses were
performed using SAS 9.1 (SAS Institute, Cary, NC, USA).

Three hundred and seventy seven subjects were included that were examined with 1.0 T
extremity MRI and 1.5 T CE MRI that could be read for whole knee synovitis and meniscal
status. Mean age was 61.1 years (+ 6.9), on average the participants were overweight (mean
body mass index 29.6 (+ 4.9) and 44.3% were women.

The Kellgren Lawrence grades of the examined knees were: K/L 0: 233 knees (62.0%), K/L
1: 61 knees (16.2%), K/L 2: 41 knees (10.9%), K/L 3: 34 knees (10.9%) and K/L4: 7 knees.

Any medial perimeniscal synovitis was observed in 65 knees (17.2%), any lateral
perimeniscal synovitis in 109 knees (28.9%). Eighty knees (21.2%) exhibited a maximum
perimeniscal synovitis score (either medial or lateral) of a grade 1 and 50 knees (13.3%) of a
grade 2. A grade 1 synovitis score around the posterior cruciate ligaments was seen in 80
knees (21.2%) and a grade 2 synovitis around the PCL was observed in 106 knees (28.1%).
Twenty eight knees (7.4%) showed predominantly posterior whole-knee synovitis.

Any meniscal damage of the medial posterior horn (grades =1) was observed in 123 knees
(32.6%) and in 10 knees (2.7%) meniscal damage of the posterior horn of the lateral
meniscus was seen. Two hundred and fourty eight knees (65.8%) did not show any damage
of the medial or lateral posterior horns, 19 knees (5.0%) had a maximum score of 1 (in either
the medial or lateral posterior horn), 64 knees (17.0%) a grade 2, 45 knees (11.9%) a grade 3
and 1 knee (0.3%) had a maximum score of a grade 4 lesion—i.e. complete maceration. The
detailed frequency distribution of meniscal damage of the posterior horns and synovitis at
the three posterior locations according to K/L grade is presented in Table 1.

Risk of any medial perimensical synovitis was increased for knees with medial posterior
horn meniscal damage (adjusted odds ratio [OR] 2.5 95% confidence interval [CI] 1.3,4.8).
As shown in Table 2 this association could be observed for grades 2—4 meniscal damage but
not for grade 1. No positive associations were observed for lateral posterior horn meniscal
damage and any lateral perimeniscal synovitis (adjusted OR 1.7, 95% CI 0.4,6.6).
Considering severe synovitis only, risk of ipsi-compartmental posterior synovitis was
markedly increased for both, medial and lateral posterior meniscal damage (adjusted OR 3.8
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95% Cl1 1.1,13.0 and 5.4, 95% CI 1.3,22.7 respectively Table 3). No statistically significant
associations were found for knees with any (medial or lateral) posterior meniscal damage
and presence of any or severe synovitis posterior to the PCL. Table 4 gives a detailed
overview of medial and lateral meniscal damage and severe synovitis posterior to the PCL.
Further, no statistically significant associations were observed for posterior meniscal
damage and predominantly posterior whole-knee synovitis (adjusted OR 2.1, 95% CI
0.9,5.1) using knees without posterior meniscal damage as the reference (Table 5).

DISCUSSION

In this large cohort of subjects with or at risk of OA we could demonstrate an association of
MRI-detected ipsi-compartmental meniscal damage of the posterior horns with medial
posterior perimeniscal synovitis emphasizing the role of meniscal pathology in regard to
localized posterior inflammatory manifestations of OA. For the lateral compartment these
associations were not as strong, a consequence of low frequencies of meniscal pathology in
the lateral compartment, but still significant for severe localized perimeniscal synovitis. No
associations were found for posterior horn meniscal tears with synovitis posterior to the PCL
and with predominantly posterior whole-knee synovitis, which suggests that presence of
PCL synovitis is likely to be triggered by different pathomechanisms than meniscal damage.

Synovitis in OA is thought to be a secondary phenomenon in the OA process due to debris
of intraarticular tissue damage [8]. Synovitis alters the balance of cartilage matrix
degradation and repair, leading to excess production of the proteolytic enzymes responsible
for cartilage breakdown. Cartilage alteration in turn amplifies synovial inflammation,
creating a vicious circle [26]. To date, most imaging based studies investigating synovitis in
OA have focused on the peripatellar region and only sparse data is available on other
synovitis locations [14,15,27]. Recently a semiquantitative scoring system has been
introduced that allows for evaluation of synovitis at 11 different locations [17]. While five of
these locations are focusing on the peripatellar region, the remaining locations are assessing
the articular subregions around the cruciate ligaments, perimeniscal regions posteriorly,
around loose bodies and in popliteal cysts. The system has shown good reliability and severe
synovitis and synovitis in the peripatellar regions was associated with pain [17]. One study
focused on perimeniscal synovitis assessment on coronal images and described associations
with medial meniscal extrusion and degree of synovitis using both, semiquantitative and
quantitative approaches [13]. These authors did not find significant associations with any
meniscal damage or extrusion in the lateral compartment. However, the findings of Grainger
et al. are only marginally comparable to ours as the authors did not assess the most common
location of meniscal damage, i.e. the posterior horns of the medial meniscus, the focus of the
current study.

It has been reported previously, that the commonest site of synovitis in OA is posterior to
the PCL [18]. The intercondylar 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 represent an independent risk factor for consequent cartilage
loss [27]. Work by Stein et al. from the Osteoarthritis Initiative found a strong association of
femoral notch stenosis with prevalent ACL tears cross-sectionally [28]. Chronic friction
within the notch might lead to debris and detritus triggering localized periligamentous
synovitis around the ACL and PCL [29]. However, pathology of the PCL and its relation to
disease activity and progression has not been explored in detail. We had hypothesized that
despite cruciate ligament pathology, posterior meniscal pathology might explain some of the
common synovitis occurrence posterior to the PCL, which we could not confirm in the
present analysis. Thus, the high frequency of synovitis posterior to the PCL in OA knees still
needs to be explained and we speculate that other pathomechanisms are responsible than
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meniscal damage. PCL pathology in OA is rare and although not systematically assessed, it
seems unlikely that degeneration of the PCL is responsible for this common presence of
periligametous synovial inflammation. The PCL is a very strong ligament uncommonly
affected by incidental or traumatic pathology [28,29].

Although synovitis around the ACL and PCL is often observed in OA, synovitis in these
locations does not seem to be associated with knee pain [17]. A recent study by Baker et al.
[30] examined the relation of synovitis to pain using the scoring system proposed by Rhodes
et al. [27] and found a generally stronger relation with pain than reported by others, which
may also be due to the focus on parapatellar synovitis.

We were not able to elucidate a cause—effect relationship between meniscal damage and
localized synovitis as our study design was cross-sectional in nature. Longitudinal studies
using CE MRI are missing at present but may be able to further clarify.

We did not observe an association between high grade medial posterior horn meniscal
damage and ipsi-compartmental severe synovitis, which seems unexpected. One likely
reason could be that high grade meniscal damage is more commonly observed in knees with
advanced articular tissue damage including severe cartilage loss. In these cases cartilage
debris might be the paramount trigger of synovial activation in comparison to meniscal
damage. In addition, loss of meniscal substance, a common finding for grade 3 and 4
lesions, may lead to a decrease in synovial activation in this region. In the lateral
compartment only 2 knees exhibited grade 3 and 4 meniscal damage and thus the low
frequency of these changes explains the negative results.

As no coronal contrast enhanced images were obtained, we were not able to analyze
associations of meniscal damage in the body segment and perimeniscal synovitis around the
body. We can only speculate if similar associations might be observed. The only publication
available on this topic could not confirm such an association [13].

CE MRI is mandatory to assess detailed whole knee synovitis as non-enhanced studies are
only able to visualize a composite of effusion and synovitis that cannot be differentiated
from each other and thus was termed “effusion-synovitis” recently [31]. The MRI finding of
hyperintensity in Hoffa’s fat pad has been used as a surrogate for whole knee synovitis in
several studies but has been proven to be only a non-specific imaging feature [15]. Further,
posterior synovitis cannot be assessed by this surrogate. Recent work by Loeuille et al.
showed that only contrast enhanced MRI correlates with histology proven inflammatory
synovial infiltrates [16].

Summarizing our findings we could show that damage of the posterior horns of the medial
and lateral meniscus is associated with ipsi-compartmental posterior perimeniscal synovitis
suggesting that local structural damage may cause synovitis nearby. No associations were
found for posterior horn meniscal tears with synovitis posterior to the PCL and
predominantly posterior whole-knee synovitis. This suggests that presence of PCL synovitis
is likely to be triggered by different pathomechanisms than meniscal damage.
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Figure 1.

Examples of posterior synovitis. (A) Horizontal medial posterior horn meniscal tear
(arrowhead) and marked (grade 2) surrounding perimeniscal synovitis (arrows). (B) Marked
(grade 2) synovitis posterior to the posterior cruciate ligament (arrows).
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