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Abstract

Objective—Synovitis is associated with pain and other symptoms in patients with knee OA, and
in patients with meniscal tears even in the absence of radiographic OA. Patients undergoing
arthroscopic partial meniscectomy were followed for 2 years to determine whether synovitis
predicts post-operative symptoms.

Design—Thirty-three patients scheduled for arthroscopy were recruited for this pilot study.
Symptoms were assessed using a knee pain scale, the Lysholm score, and the SF-12% pre-
operatively and at 16 weeks, 1 year and 2 years post-operatively. Synovial inflammation and
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hyperplasia were graded on surgical biopsies. Linear mixed effects models were tested to
determine whether inflammation or hyperplasia is associated with outcome scores over time.

Results—Lysholm scores and SF-12® physical component sub-scores were worse pre-
operatively in patients with inflammation (Lysholm: 52.42 [95%Cl 42.37,62.47] vs. 72.38
[66.03,78.72], p<0.001; SF-12: 36.81 [28.26,45.37] vs 46.23 [40.14,52.32], p<0.05). Up to two-
years post- operatively, patients with inflammation achieved mean scores similar to those without
inflammation. As a result, the mean improvement in Lysholm scores was 13.01 [1.48-24.53]
points higher than patients without inflammation, p = 0.03. 33% (4/12) of patients with
inflammation still had fair-to-poor Lysholm scores two years after surgery compared to 7% (1/15,
(p=0.14) without inflammation. No association between hyperplasia and symptoms was noted.

Conclusions—In this pilot study of patients undergoing partial meniscectomy, synovial
inflammation was associated with worse pre-operative symptoms, but not with poorer outcomes in
the first two years post-arthroscopy. Larger cohorts and longer follow-up should be pursued to
confirm this relationship, and determine if the initial response is sustained.
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INTRODUCTION

Osteoarthritis is a disease in which multiple joint structures are compromised, including
cartilage, meniscus, bone, and synovial membrane.! Structural alterations seen on plain
radiographs, specifically osteophytes and joint space narrowing, can be identified in
approximately 34% of the United States population over age 65, but in only about half are
structural changes accompanied by pain and dysfunction.2 Importantly, pain and related
symptoms are associated with more rapid structural progression.3 Therefore understanding
factors responsible for symptom development is essential to identify patients at risk of
greater morbidity and disability, and to identify modifiable disease targets for therapeutic
intervention.

Multiple investigators have demonstrated the association of patient reported symptoms such
as pain with presence and severity of synovitis in patients with OA.# Synovitis also is
associated with objective measures of knee joint dysfunction including walking and stair
climbing times.> We have reported that the relationship between synovitis and symptoms
applies to patients at risk for OA, but without radiographic signs of OA structural
alterations, based on the analysis of a cohort of patients with meniscal tears undergoing
meniscectomy.b

In young sports-participants, traumatic meniscal tears are among the most common knee
joint derangements and these tears are associated with an increased risk of OA
development.” But the most common meniscal derangements are degenerative meniscal
tears 8 which can occur in the setting of pre-existing OA and are also associated with risk of
disease progression.’ Patients with meniscal tears, with or without concomitant OA, often
seek surgical intervention due to a variety of symptoms (pain, locking, stiffness, inability to
participate in specific activities). In fact, there are close to 1 million arthroscopic meniscal
procedures performed in the US annually,® although meniscal derangement itself has not
consistently been associated with pain.10-12

The present longitudinal pilot study was designed to test the hypothesis that synovitis
detected at the time of surgery predicts poorer symptomatic outcomes after arthroscopic
meniscectomy. This study was conducted on patients with meniscal tears but with normal
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pre-surgical knee radiographs. Patient—reported knee symptoms were measured at three
postoperative time points using the Lysholm score,3 Short form-12 (SF-12 ®) health
surveys,14 and a visual analogue knee pain scale. The pre-operative characteristics and
relationship with baseline Lysholm scores of these patients have been previously published.®
Here, we report analysis of the relationship between synovitis measured at the time of
surgery, and knee symptoms using three outcome measures up to 2 years post-operatively.

METHODS

Patients

The study was approved by the Institutional Review Board (IRB) of the New England
Baptist Hospital (NEBH), and all patients gave written, informed consent. Inclusion and
exclusion criteria, as well as demographics and baseline characteristics, have been described
in detail previously.® Briefly, thirty-three patients with a history of knee injury and an MRI-
confirmed meniscal tear scheduled for arthroscopic partial meniscectomy were recruited
between September 2005 and April 2009. Patients with radiographic evidence of OA
(osteophytes or joint space narrowing) were excluded. There were twenty-one males and
twelve females, median age was 45 (IQR 40-53), and median BMI was 26.9 (IQR 24.7-
28.1). The majority (twenty-five patients) had complex meniscal tears with multiple
cleavage planes consistent with degenerative type tears, and only 20% had completely
normal cartilage surfaces as indicated by an Outerbridge scorel® of zero in all three knee
compartments.

Synovial tissue collection and evaluation of synovitis

Knee synovial biopsies were obtained during surgery from three locations (suprapatellar
pouch, medial and lateral gutters). Biopsies were taken from areas that appeared inflamed or
thickened. When no inflammation was apparent, standard locations were used: femoral
aspects of the gutters and the central supratrochlear region in the pouch. Biopsies from five
patients were insufficient for analysis, so 28 patients contributed biopsies. Histologic
features of synovitis!® were evaluated on formalin-fixed, paraffin-embedded, hematoxylin
and eosin (H&E) stained synovial membrane sections. Inflammation was evaluated on a
semi-quantitative scale  presented in Table 1, based on perivascular mononuclear cell
aggregates. In addition, synovial lining hyperplasia, vascularity, fibrosis, and the presence of
detritic fragments of bone and cartilage were graded independently (Table 1). The grading
system was adapted from multiple sources'6-19with input from an experienced
musculoskeletal Pathologist (ED). Randomly chosen subsets of synovial specimens were
scored by two independent readers (E.D., C.R.S.) for assessment of inter- and intra-reader
reliability. However, the final reported scores reflect those of a single reader (the
experienced musculoskeletal Pathologist, ED).

Outcome scores

Symptoms were assessed using three instruments. First, Lysholm questionnaires were
utilized to assess knee-specific symptoms. The Lysholm questionnaire is a clinician-
developed instrument measuring symptoms including pain, swelling, limp, locking, and
instability, as well as functional disability (stair-climbing, squatting, use of supports). A
summed score is reported on a scale of 0100, where 100 = no symptoms/disability.13
Second, the SF-12 ® health survey was utilized to measure general physical and emotional
health. Physical (PCS) and mental (MCS) component summary sub-scores were calculated
and expressed as norm-based standardized scores.14, with 50 equal to the population mean
and 10 the population standard deviation. Finally, patients were also asked to assess their
knee pain on a scale from 0-10 (0 = no pain). All three instruments were administered pre-
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operatively and at 16 weeks, 1 year and 2 years post-operatively. Thirty-one patients
completed the 2 year follow-up.

Measurement of chemokine transcript levels

MRNA levels of four chemokines and one chemokine receptor (IL-8, CCR7, CCL19,
CCL21 and CCL5) were measured in twelve suprapatellar synovial biopsies by real-time
PCR.5 These transcripts were chosen for analysis as they had been identified as
differentially expressed in biopsies with or without synovial inflammatory infiltrates by
microarray analysis®. Cycle threshold (Ct) values were normalized to GAPDH, and
expression levels calculated?0 relative to the mean of specimens without inflammation.

Statistical analyses

Inter- and intra-reader reliability of histopathology scores were reported as a weighted kappa
statistic. Between-group differences in patient characteristics were evaluated with Mann-
Whitney U-tests (for continuous variables) or Fisher’s Exact test (for categorical variables).
We used repeated measures ANOVA to compare mean outcomes and change in outcomes in
patients with or without synovial inflammation, or with or without hyperplasia at each time
point. We then used a linear mixed effects model?! to study whether synovial inflammation
or hyperplasia was associated independently with Lysholm scores over time, controlling for
age (centered at 45), BMI (centered at 27), gender and cartilage integrity measured by the
Outerbridge score. We adjusted for cartilage integrity assessed intra-operatively, since the
presence of pre-existing OA change is a known risk factor for poor outcomes after partial
meniscectomy?2,23 and the majority of these patients had pre-radiographic cartilage disease
despite normal radiographs. We tested whether mean Lysholm scores differed in patients
with or without inflammation at each time point using contrast statements for the model.
Associations between synovial chemokine transcript levels and outcome scores were tested
using Spearman’s correlation.

RESULTS

Synovial histopathologic changes at the three different biopsy sites

Histological features were assessed in synovial biopsies from the suprapatellar region and
the medial and lateral gutters (described as ipsilateral or contralateral to the meniscal tear).
Detritic cartilage and bone fragments were not identified in any patient. The distributions of
other histopathologic features are depicted in Figure 1. Synovial lining hyperplasia was most
common, observed in 64% of suprapatellar, 58% of ipsilateral, and 52% of contralateral
biopsies. Increased vascularity was most often identified in the contralateral gutter (in 52%
of patients). Fibrosis was the least common feature observed, occurring in 25% of
suprapatellar biopsies, 21% of ipsilateral and 20% of contralateral biopsies. As previously
reported, inflammation was identified in 43% of patients, most commonly in the
suprapatellar location. ® Scores are presented in Figure 1 in comparison to other features of
synovitis.

Reliability of the grading scales

The inflammation score was previously reported to have acceptable inter- and intra-rater
reliability (weighted kappas of 0.87 and 1.0 respectively). & Reliability of scores for other
synovitis features was variable. Weighted kappas (inter- and intra-rater, respectively) for
hyperplasia were 0.31 and 0.65, for vascularity 0.30 and 0.50, and for fibrosis 0.23 and 0.25.
Reliability was most acceptable for inflammation and hyperplasia, and there was some
correlation between these features (Spearman rho = 0.30, p = 0.01). Therefore, relationships
between outcomes and these two variables were evaluated.
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Characteristics of patients with or without synovial inflammation or lining hyperplasia

Patient characteristics stratified by presence of synovial inflammation and hyperplasia are
presented in Table 2. Patients with synovial inflammation were significantly older, and had a
shorter duration between injury and surgery than those without® Characteristics (age, gender,
BMI, Outerbridge scores, proportions of medial and lateral tears and side of injury) were
similar in patients with and without hyperplasia.

Post-operative outcome measures

As expected, Lysholm scores at each post-operative time-point improved from baseline
levels (mean +/- SD improvement of 27+/-16 points at two years), and reductions in pain
scale were observed (pre-operative mean +/— SD 3.7+/-2.3, 2 year mean 0.55 +/-0.95) in
the group as a whole. SF-12® PCS sub-scores improved post-operatively (pre-operative
mean 42.2+/-11.0, 2 year mean 57.0 +/-2.8), but the MCS sub-scores remained stable over
time (55.6+/-9.2 pre-operatively, 54.2+/-6.9 at 2 years).

Pre- and post-operative outcome scores in patients with or without synovial inflammation
and hyperplasia

Outcome scores in individual patients at each time point are depicted graphically in Figure
2. In our previous cross-sectional analysis, we reported that patients with synovial
inflammation in this cohort demonstrated lower Lysholm scores pre-operatively than those
without, but no significant differences in pre-operative raw SF-12 scores or the knee pain
scale were observed.® For the current analysis, standardized norm-based SF-12® PCS and
MCS scores were calculated. The norm-based SF-12® PCS scores were lower in patients
with synovial inflammation than in those without inflammation pre-operatively (36.81
[28.26,45.37] vs. 46.23 [40.14,52.32], p<0.05, Table 3 and Figure 2C), consistent with the
knee-specific Lysholm scale. But in longitudinal follow-up, mean Lysholm and SF-12® PCS
scores did not differ significantly at any time point after surgery (Table 3, repeated measures
ANOVA). No significant differences in mean SF-12® PCS or Lysholm scores were
observed pre- or post-operatively comparing patients with or without hyperplasia (Table 3).

SF-12® MCS scores and pain scores did not differ significantly at any time point between
patients with or without inflammation (Figure 2B and 2D) or hyperplasia (data not shown).

Change in symptom scores over time

In unadjusted analysis, Lysholm scores in patients with inflammation improved more
between baseline and 16 weeks (Table 4). Mean improvement in patients with inflammation
was 35.10 [20.23,49.97] points compared with 16.43 [6.56—26.30] points in patients without
inflammation ( p<0.05, difference = 18.67 [2.19, 35.15] repeated measures ANOVA). In
patients without inflammation, mean scores continued to improve from baseline at 1 and 2
years, but stabilized in those with inflammation after 16 weeks so that differences between
these two groups at 1 and 2 years were no longer statistically significant (Table 4). A similar
pattern was observed when comparing patients with and without hyperplasia (greater
improvement between baseline and 16 weeks in patients with hyperplasia), although these
differences were not statistically significant (Table 4).

Improvements in SF-12® PCS sub-scores indicated by positive changes from baseline to
each post-operative time point were observed in patients with and without inflammation, and
patients with and without hyperplasia. Again, patients with inflammation and hyperplasia
appeared to improve to a slightly greater extent (Table 4), but differences between groups in
this unadjusted analysis were not statistically significant.

Osteoarthritis Cartilage. Author manuscript; available in PMC 2014 September 01.
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We next used a linear mixed effects model (Table 5) with a correlation structure accounting
for baseline Lysholm scores to test whether the relationship between synovial inflammation
and change in symptoms over time was independent of age, BMI, gender, or cartilage
Outerbridge score. For this adjusted analysis, we focused on the knee-specific metric
(Lysholm). This approach confirmed the independent association of inflammation with
lower Lysholm scores at baseline (estimate = —20.8 [-31.66, —9.90], p=0.001, Table 5).
Consistent with the unadjusted analysis, contrast statements for the model demonstrated that
patients with pre-operative inflammation achieved mean Lysolm scores similar to those
without inflammation at all postoperative time points (two-year difference in mean scores =
-7.78[-18.73,3.17], p=0.17, Table 5). As a result, their 2-year post-operative improvement
in Lysholm scores were 13.01 [1.48,24.53] points higher than patients without inflammation
(p = 0.03, Table 5). The same approach revealed no independent association of hyperplasia
with baseline Lysholm scores (estimate = -4.90£5.6, p=0.40), and no differences in mean
score or change from baseline at any post-operative time point comparing patients with and
without hyperplasia (data not shown).

We next stratified two-year Lysholm scores using previously described thresholds.24
Outcomes after surgery using this scale have been interpreted as excellent between 95 and
100, good between 84-94, fair between 65-83, and poor below 65. All patients with
synovial inflammation had scores in the fair to poor range at baseline compared to 75% of
patients without inflammation (Table 6 and Figure 2). Two years post-surgery, four patients
(33%) with inflammation scored in the fair to poor range, compared to only 1 (7%) of
patients without inflammation (p=0.14, Fisher’s Exact test).

CCL-19 and CCR7 mRNA relative expression levels were also associated with Lysholm

scores

We previously reported that CCL19 and CCR7 mRNA expression was associated with
synovial inflammation, and higher levels correlated with worse pre-operative Lysholm
scores. & In follow-up, synovial relative expression levels of CCL19 and CCR7 were
associated with greater post-operative improvements in Lysholm score, similar to
associations observed with histologic inflammation. Significant associations were observed
between expression levels and change in Lysholm scores pre- to post-operatively at the 16
week (CCL19: Spearman’s p=0.708, p=0.050, CCR7: p =0.704, p=0.016) and 2 year time
points (CCL19: p =0.850, p=0.004; CCR7: p =0.790, p=0.002).

DISCUSSION

This longitudinal pilot study was designed to test whether the presence of synovitis
predicted worse post-operative symptoms in patients undergoing arthroscopic
meniscectomy. We previously reported that synovial inflammation (defined by the presence
of perivascular mononuclear cell infiltrates) is associated with pre-operative symptoms
using the Lysholm scale, a commonly used measure of patient-reported knee symptoms®. In
the current analysis, similar associations between inflammation and pre-operative symptoms
were observed using a more general measure of physical health, the standardized PCS sub-
score of the SF-12® survey, strengthening our initial findings. In unadjusted longitudinal
analyses, both patients with or without synovial inflammation demonstrated improvements
in knee symptoms measured by the Lysholm score, and achieved similar mean scores post-
operatively up to two years (Table 3). As they had started with lower scores, post-operative
improvement in Lysholm scores was greater at 16 weeks in patients with inflammation
compared to the patients without inflammation (Table 4). Adjustment for other factors
confirmed similar mean scores and greater improvement in patients with inflammation
compared to those without up to two years post-operatively. These findings suggest that the
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presence of inflammation did not preclude improvement in the first two years after surgical
intervention.

Multiple studies of outcomes from meniscal arthroscopy have documented the long-term
risk of developing structural and symptomatic OA, and estimates suggest up to 50% of
patients have radiographic knee OA 10-20 years after undergoing meniscectomy?2®, Short-
term (3 month) prospective analysis of symptomatic outcomes has also been reported 23. To
our knowledge, this is the first longitudinal analysis to specifically study the relationship
between synovial histology and symptomatic outcomes after meniscal arthroscopy. As most
patients did well within the two-years of follow-up, it is likely that the timeframe of this
pilot study is inadequate to capture sufficient numbers of patients with progressive
symptoms. Our finding that a greater proportion of patients with inflammation (33% vs. 7%
without inflammation) had scores in the fair to poor range (< 84) at the two-year post-
operative time point suggests that outcomes may change in the longer follow-up period.
Although not statistically significant in this small study, future work on validation of these
findings in larger populations and longer time periods is necessary.

Most histopathologic synovitis scoring systems that have been applied to OA and knee
injury combine various features of synovitis (i.e. lining hyperplasia, inflammatory cell
infiltration, vascularity, fibrosis) into a single summated score.16-17 Summated scores have
shown to be useful in distinguishing different forms of arthritis and in monitoring disease
progression.26— 28 We chose to evaluate synovitis features independently for two main
reasons; first, some synovial changes have been reported to vary according to the stage of
OAI6 and have not yet been evaluated in patients presenting for meniscal arthroscopy; and
secondly, individual synovial changes may not reflect the same cellular and molecular
processes, or have the same relationship with symptoms. This analysis revealed a number of
interesting, and previously unreported findings.

First, comparison of five features at three different anatomic sites demonstrated that no
feature of synovitis was preferentially found on the side of the meniscal tear, suggesting that
the synovial reaction in these patients can be a joint-wide phenomenon (Figure 1). Fibrosis
was the least common abnormality identified in the meniscectomy patients. Detritic
fragments of bone and cartilage, often identified in advanced OA patients® were not found
in any patient in this study. Our previously reported inflammation score was the most
reliable, likely due to easy recognition of perivascular aggregates on H&E staining. The
hyperplasia scale was the second most reliable indicator, although both inter- and intra-rater
reliability were lower than the inflammation score. The lower reliability of the hyperplasia,
vascularity and fibrosis scores may relate to the limitations with which these features can be
recognized on H&E stained sections, and the more subjective nature of their grading scales
(i.e. mild, moderate or marked). And at least with regards to fibrosis, the low kappas may
reflect high chance agreement in the setting of the low prevalence of this particular feature.

In unadjusted analyses, inflammation but not hyperplasia was associated with worse pre-
operative SF-12® PCS scores, consistent with previous findings using the Lysholm scale.
This suggests that only specific features of synovitis (i.e. the mononuclear cell infiltrates)
may be related to symptoms in these patients. Alternatively, the lower reliability of the
hyperplasia score may be partly responsible for the lack of association with outcomes.
However, identifying the aspects of synovial histopathology that are most easily and reliably
measured will simplify and focus efforts to develop predictive tools and markers.

We had previously demonstrated that synovial inflammation was associated with increased
MRNA expression of a set of chemokines involved in leukocyte recruitment, and levels of
the chemokine /receptor pair CCL19 and CCR7 were associated with worse symptoms at
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baseline. © Here we demonstrate that expression levels of CCL19 and CCR7 also correlated
with greater symptomatic improvements after surgery, similar to the associations seen with
histologic inflammation (Table 3). In this analysis, we utilized GAPDH as a reference gene,
which has been demonstrated by others to be regulated in other settings involving
inflammation 2. We did not have sufficient quantities of RNA to analyze additional
reference genes, however we observed no significant difference between mean GAPDH Ct
values comparing synovial biopsies from patients with or without inflammation (data not
shown). Numbers of specimens available for chemokine analysis were also not sufficient to
pursue adjusted analyses, but the similar observations made using both cellular and
molecular measures of inflammation strengthen our results, and suggest these mediators
may be surrogate markers of synovial inflammation in these patients.

Limitations of this pilot study include the small numbers and limited duration of follow-up.
In addition, the Lysholm score evaluates both patient—reported symptoms and functional
disability on a single scale, and minimal clinically important differences are not known.
However, our findings are strengthened by the similar relationships found using a second,
more general instrument, the SF-12® PCS summary. We did not find evidence of a
relationship between inflammation and a simple pain scale in this study. This may be due to
the small numbers of patients in this study, but may also reflect a more complex symptom
set in this population of patients that was captured by the other outcome measures utilized.
Finally, the lack of data on OA radiographic progression makes extending our results to the
risk of structural OA progression impossible in this cohort. Of note, the majority (80%) of
patients in this cohort already had evidence of pre-radiographic disease based on intra-
operative inspection, and progressive joint symptoms rather than structural changes prompt
patients to seek care. Further studies are needed to determine if there is a relationship
between inflammation, subclinical cartilage pathology, and development of structural
disease progression.

In summary, in patients undergoing partial meniscectomy, inflammation was associated with
worse pre-operative symptoms measured by two outcome scores, the knee-specific Lysholm
scale and the more general SF-12® PCS subscore. In the first two-years following surgery,
patients with synovial inflammation achieved similar mean scores post-operatively
compared to those without inflammation. By two years post-surgery, 33% (4 of 12) of
patients with synovial inflammation had Lysholm scores in the fair to poor range, compared
with 7 % (1 of 15) of those without inflammation. Results suggest good two year outcomes
post-meniscectomy, but cannot rule-out a relationship between synovial inflammation and
progressive knee symptoms and should be confirmed with longer follow-up and larger
cohorts.
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Figure 1. Distribution of synovial histology scores in the three biopsy sites

(A) Lining hyperplasia, (B) Vascularity, (C) Inflammation , and (D) Fibrosis were graded on

H&E stained sections as described in Materials and Methods. Twenty-eight patients
provided synovial biopsies from all three sites. The medial and lateral gutter biopsies were

described as ipsilateral or contralateral to the meniscal tear in each individual. 0-2 on the x-

axes represents the histologic grade (Table 1).
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Figure 2. Pre- and post-operative symptom scores in patients undergoing meniscetomy over two
years, stratified by presence or absence of synovial inflammation

Questionnaires and surveys were administered to patients pre-operatively (pre-op), as well
as at 16 weeks (wks), 1 year (yr) and 2 years post-operatively as described. Improvements in
all measures except the SF-12® MCS subscores were observed after surgery. Patients with
inflammation are indicated by red triangles, patients without are indicated by black circles.
(A) Lysholm scores, (B) Pain scale, (C) SF-12® PCS subscores, (D) SF-12® MCS subscore.
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Table 1

Synovial Histopathologic Grading (for H&E stained sections):

1) Mononuclear Inflammation:
Grade 0 = none
Grade 1 = mild (0-1 perivascular aggregates per field)
Grade 2 = moderate (>1 perivascular aggregate per field +/-
focal interstitial infiltration)
Grade 3 = marked (both perivascular and widespread? interstitial aggregates)
2) Vascularity:
Grade 0 = normal
Grade 1 = mildly increased
Grade 2 = markedly increased
3) Fibrosis of sublining:
Grade 0 = absent
Grade 1 = focal
Grade 2 = widespread
4) Detritus:
Grade 0 = absent
Grade 1 = small particulate
Grade 2 = large particulate
5) Synovial Hyperplasia?
Grade 0 = Normal (up to 2 cell layers thick)
Grade 1 = Hyperplasia | (3—4 cells thick)
Grade 2 = Hyperplasia Il (> 4 cell thick)

aFocaI = present in < 50% of the field. Widespread = present in > 50% of the field.

bHyperpIasia evaluated at high power (40X). All other features evaluated at low power (5-10X).
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Pre-operative and 2-year post-operative Lysholm score in patients with and without inflammation:

Table 6

Pre-operative

2 years post-operative

Lysholm scores - Inflammation  + Inflammation - Inflammation  + Inflammation
(n=16) (n=12) (n=15*) (n=12)

Good / Excellent 4(25) # 0 (0) # 14 (93) # 8 (67) #

(=84)

Fair/ Poor(<83) 12(75) 12 (100) 1(7) 4(33)

#Numbers of patients (percent of patients).

*
One patient in this group did not complete 2 year follow-up.
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