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Abstract

Objectives
Published scoring methods for quantifying synovitis focus on acute inﬂammatory parameters, and are unsuitable as
outcome measures in experimental surgical models of osteoarthritis (OA). The aim of the present study was to deﬁne a
modiﬁed histopathological scoring system for ovine synovium more suited to the chronic pathology induced by ovine
meniscectomy, and to apply it to detect any therapeutic effects following intraarticular injection of hyaluronan (HA)
(Hyalgan®).
Methods
OA was induced in 12 sheep by bilateral lateral meniscectomy, before weekly intraarticular injections of HA or saline
vehicle from 16-20 weeks post-operatively, prior to sacriﬁce at 26 weeks. Six matched sheep were used as controls.
Synovial sections were qualitatively scored for hyperplasia, inﬂammatory inﬁltrate, ﬁbrosis, and hypervascularity;
cell number, depth of ﬁbrosis, and vessel number were also quantiﬁed using a graticule.
Results
OA synovia had signiﬁcantly elevated scores for inﬂammatory cell inﬁltration, subintimal ﬁbrosis, vascularity, and
aggregate score relative to controls. HA-treated sheep had signiﬁcantly lower vascularity score (p=0.015), aggregate score
(p=0.007), depth of ﬁbrosis (p=0.003) and vessel number (p=0.048) compared to saline-injected sheep.
Conclusion
This study conﬁrms the presence of a chronic synovitis in this OA model, characterised by subintimal ﬁbrosis and
hypervascularity (but only modest inﬁltrate and minimal intimal hyperplasia), which is partially ameliorated by
intraarticular hyaluronate therapy.
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Introduction
The cavity of a synovial joint is enclosed within a strong ﬁbrous capsule,
lined by a thin synovial membrane
that produces and regulates the synovial ﬂuid essential for lubrication and
nutrition of articular cartilage. Normal
synovium is nominally divided into
two layers: a thin (1-3 cells deep) intima containing primarily those cells
designated ‘synoviocytes’, and a mixed
subintima of ﬁbroblasts, macrophages,
immune cells, nerves, and vascular
elements in a loose connective tissue
matrix (1). However the histologic appearance of synovium is highly variable, even between different regions of a
single joint (2). This is particularly evident in the subintima, which generally
conforms to one of three tissue types:
areolar, ﬁbrous or adipose-like tissue.
The subintimal tissue type, which reﬂects the functional geography of the
synovia, often alters the intimal lining,
which is generally sparse and tightly
adherent over dense ﬁbrous tissue, but
in areolar synovium is often folded and
convoluted into vascularised villi, a
phenomenon which becomes exaggerated in many joint diseases including
osteoarthritis (OA). Changes in synovial membrane composition also occur
with age, with more numerous villi and
increasing irregularity of blood vessel
and cell distribution (3).
Although OA is historically not considered an inﬂammatory disease, and OA
synovia are often used as control samples in studies of rheumatoid arthritis
(4), some degree of synovitis is often
present and is likely to be important in
the disease pathogenesis. For example,
synovial thickening detected by magnetic resonance (MR) is uniquely associated with the presence and severity
of knee pain in OA (5). It is becoming
recognised that OA synovium can demonstrate the same inﬂamed and activated phenotype as rheumatoid tissue, and
that the difference between the diseases
is more quantitative than qualitative (6,
7). Smith et al. (1997) found that in synovial biopsies from patients with early
OA, a signiﬁcant increase in thickness,
vascularity, inﬂammatory cell inﬁltration, and cytokine production was
consistently detected in early stages of
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the disease (8). Altered synovial vascularity (dilation of existing vessels and
angiogenesis), vessel permeability and
subsequent leakage of serum proteins
promotes synovial oedema, increased
synovial ﬂuid volume, and the accumulation of surface ﬁbrin (9). Inﬁltration of inﬂammatory cells (especially
T and B lymphocytes) is variable and
generally focal in OA synovia, but can
be considerable (10, 11) and in a subset
of OA patients, can include prominent
lymphoid aggregates (12).
Intraarticular hyaluronan (HA) preparations are widely used to treat OA,
and many double-blind, placebo-controlled, clinical trials have determined
this treatment to be effective, providing
symptomatic relief lasting for many
months post injection (13, 14). Although initially based on the premise
of ‘visco-supplementation’, preclinical
investigations, plus the prolonged relief
achieved despite a much shorter intraarticular half-life (15), suggest not only
that the primary mode of action of HA
is via direct pharmacological action
within the joint, but that hyaluronans
may have disease-modifying activity in
OA (16). We have previously used the
well-established meniscectomy model
of OA in sheep to examine the efﬁcacy
and mechanisms of action of many potential therapies [see (17) for review].
Published schema for the histopathological grading of synovial sections (4,
18) are typically designed for evaluation of rheumatoid arthritis and have
proven unsuitable for use in this model,
as they tend to focus on acute inﬂammatory parameters (e.g., leukocytic inﬁltration) which are often absent at the
usual endpoint of six months after OA
induction. The aim of the present study
was to trial a modiﬁed scoring system
for ovine synovium which would reliably distinguish chronic OA sections
from normal controls, and therefore be
more sensitive in the detection of therapeutic effects, in this case following
intraarticular injection of hyaluronan
(Hyalgan®).
Materials and methods
Twelve of 18 aged (6-7 years) Merino
ewes were subjected to bilateral lateral meniscectomy to induce OA as
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published previously (19). Careful
haemostasis was applied during surgery using electrocoagulation. After a
brief recovery period, all sheep were
maintained for the experimental period in small paddocks containing irrigated pasture. From 16 weeks after
surgery, meniscectomised ewes were
bilaterally injected intraarticularly
with 2.0ml of either of sterile 0.9% saline, or 10mg/ml sodium hyaluronate
(Hyalgan®, Fidia SpA, Abano Terme
Italy; MW=0.5-0.73x106 Da), weekly
for 5 weeks. Approximately 1ml of
synovial ﬂuid was drawn from each
knee immediately prior to each injection. Five weeks after the last injection (i.e., 6 months post-operatively)
all 12 OA and 6 non-operated controls (NOC) were killed. A sample of
synovium from the suprapatellar fold
was removed from each stiﬂe (knee)
joint and placed in 10% (v/v) neutral
buffered formalin. After processing
to parafﬁn by standard methods, 4µm
sections were cut and stained with haematoxylin and eosin (H&E) or Masson’s trichrome. Sections were coded
and scored by three blinded observers
(M.S., M.C., and A.Y.) using a trial
scoring system. The scale used was
similar to that described by Smith et
al. (1997) (8), modiﬁed to provide better data spread for the low-grade synovitis typically seen in this OA model.
Synovium scored was of the loose
connective or areolar type; no areas
of normal ﬁbrous synovium present
in these sections were scored (Fig. 1).
Samples were scored from 0 to 3 for
each of four tissue criteria, as outlined
in Table I and Figure 2. Several other
potential criteria were considered and
rejected from pilot studies (data not
shown), including villous hyperplasia
(highly variable and statistically unrelated to OA), and synoviocyte activation (parallels intimal hyperplasia).
Three quantitative parameters (cellularity, depth of ﬁbrosis, vessel number)
were also measured using a 10x10mm
high-precision eyepiece graticule
which, when viewed using a 40x objective, projected a 250x250μm grid
onto the slide. Five randomly selected
areas were counted per section; areas
of synovium without sufﬁcient depth,
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Fig. 1. Ovine stiﬂe joint synovial sections stained with Masson’s trichrome and viewed under normal
(a, c) or differential interference contrast (Nomarski) (b, d) microscopy (x200), comparing normal
ﬁbrous synovium (a, b) with synovium showing ﬁbrosis secondary to synovitis (c, d).

Table I. Qualitative criteria for scoring ovine synovial histopathology.
Criteria

Score

Intimal hyperplasia

0
1
2
3

Observation
normal (intima 1-2 cells deep only)
mild, focal hyperplasia (3 to 4 cells)
mild diffuse (3-4 cells) or moderate focal hyperplasia (5+ cells)
moderate-marked, diffuse hyperplasia (5+ cells)

Inﬂammatory (lymphocytic/ plasmocytic) inﬁltrate
0
normal (occasional cell)
1
slight or mild focal inﬁltrate
2
mild diffuse or moderate focal inﬁltrate
3
moderate-marked diffuse inﬁltrate or deﬁned lymphoid foci
Subintimal ﬁbrosis

0
1
2

Vascularity

Aggregate score

3

none (minimal subintimal collagen)
slight or mild focal ﬁbrosis (average 25-50μm depth)
mild diffuse or moderate focal ﬁbrosis (average 50-100μm
depth)
moderate-marked diffuse ﬁbrosis (average >100μm depth)

0
1
2
3

normal (0-2 vascular elements per x100 ﬁeld)
slight increase (3-4 vascular elements)
moderate increase (5-8 vascular elements)
marked increase (8+ vascular elements)

0 -12

Sum of the 4 criteria above

without a reasonably ﬂattened surface
proﬁle, or of normal ﬁbrous synovium
were excluded. Cellularity (cells/mm)
was determined as the number of deﬁned nuclei along a strip of intima
250x50μm, multiplied by four to yield
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cells per mm. Average depth of ﬁbrosis
was determined in each area, using the
graticule grid, to the nearest multiple of
22.5μm (maximum of 250μm). Vessel
number was quantiﬁed as the number
of blood vessels above capillary size
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Fig. 2. Representative images of ovine synovium (H&E, x200) yielding scores of 0 (a, b), 1 (c, d),
2 (e,
e, ff) and 3 (g, h) for intimal hyperplasia (a, c, e, g) and subintimal ﬁbrosis (b, d, f, h).

(i.e., approx >10μm diameter) within
the 250x250μm square abutting the
intimal surface.
For ordinal histological score data,
differences between treatment group
means were tested for signiﬁcance using Kruskal-Wallis ANOVA and the
Mann-Whitney U-test, applying Bonferroni’s correction for multiple comparisons. Continuous variables, including total histological score, were analysed by two-way ANOVA (treatment

group x scorer) and Fisher’s protected
least signiﬁcant difference (PLSD) post
hoc tests. For intimal ﬁbrosis depth,
statistical analysis was performed on
log-transformed data to approximate
normal distribution. Interobserver
agreement was calculated for each ordinal variable using Fleiss’s adaptation
of Cohen’s kappa coefﬁcient (κ) for
multiple observer agreement, as determined by the MacKappa software
module (20).
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Results
The described synovial scoring system
detected highly signiﬁcant differences
between knee joint synovia from normal (NOC) animals and meniscectomised (OA) sheep for inﬂammatory
cell inﬁltration, subintimal ﬁbrosis, vascularity, and aggregate score (Table II).
Intimal hyperplasia score was slightly
but signiﬁcantly increased, in the saline-treated OA group only ((p=0.034).
Intraarticular treatment of OA sheep
with Hyalgan® signiﬁcantly decreased
the vascularity score ((p=0.015) and aggregate score ((p=0.007), compared to
saline-treated sheep.
Quantitative indices including the
number of intimal cells per mm, depth
of intimal ﬁbrosis and number of blood
vessels/250x250μm ﬁeld were signiﬁcantly greater in the synovium of OA
sheep compared to controls, regardless
of intraarticular treatment (Fig. 3). Hyalgan® treatment signiﬁcantly reduced
both the depth of ﬁbrosis ((p=0.003) and
vessel number ((p=0.048) compared to
saline-injected joints.
Interobserver agreement for hyperplasia, inﬁltration, ﬁbrosis, and vascularity score was 39, 32, 54, and 39% respectively. Fleiss’s multiple observer
kappa coefﬁcient for these respective
variables was -0.001, +0.044, +0.36,
and +0.10. Thus subintimal ﬁbrosis
was the only scoring characteristic with
fair and statistically signiﬁcant interobserver agreement, especially for ﬁbrosis scores 0 and 3, which showed kappa
statistics of 0.64 and 0.41 respectively.
Discussion
This study has conﬁrmed that synovial
membrane pathology is a signiﬁcant
feature of the joint disturbances induced in this ovine surgical model of
OA. Osteoarthritis induced by meniscectomy caused qualitative and quantitative increases in cellularity, ﬁbrosis
and vascularity of the synovial intima
sampled at six months post-surgery.
Whilst signiﬁcant changes in inﬂammatory cell inﬁltration and intimal cellularity were detected, the most prominent changes were a distinct ﬁbrosis,
and to a lesser extent hypervascularity
of the synovial subintima. The mean
depth of ﬁbrosis beneath the intimal
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Table II. Synovial scoring results for each treatment group (mean ± standard error; n=12
joints per group)*.
NOC
Intimal hyperplasia

Inﬂammatory inﬁltrate
Fibrosis

Vascularity

Aggregate score
*p<0.05, **:

OA+saline

1.1 ± 0.1

1.5 ± 0.1*

0.5 ± 0.1

2.1 ± 0.1***

0.4 ± 0.1

1.4 ± 0.1

3.3 ± 0.2

OA+Hyalgan®
1.4 ± 0.1

1.4 ± 0.2***
2.6 ±

1.2 ± 0.2**

1.8 ± 0.1***

0.1***

2.2 ± 0.1*** †a

7.7 ± 0.3***

6.6 ± 0.3*** †b

p<0.005, ***: p<0.0005 vs. NOC; †a: p=0.015, †b: p=0.007 vs. OA+saline.

Fig. 3. The effect of meniscectomy and intraarticular hyaluronate (Hyalgan®) treatment on synovial
lining cell number (cells/mm), depth of ﬁbrosis (μm) and number of blood vessels per 250x250μm
μ
μm
ﬁeld (mean ± standard error; n=12 joints per group). *p<0.05, ****p<0.0005 vs. NOC; a: p=0.003,
b: p=0.048 vs. OA+saline.

surface increased more than four-fold
in the OA sheep, an event which was
also easily and reliably detected using
the qualitative scoring system. In support of this, ﬁbrosis showed the greatest interobserver agreement of all the
variables assessed. Prominent perivascular ﬁbrosis was also observed around
subintimal vessels in many OA sheep
synovia, a change that paralleled the
increase in both number and prominence of subintimal blood vessels that
ranked as the second-most prominent
disturbance in this model. Similar neovascularization and perivascular ﬁbrosis has been noted as a frequent change
in human OA (4).
By contrast, cellular changes were
more subtle. In particular, this study
demonstrates that synovial intimal hyperplasia is not a feature of the osteoarthritis-like pathology generated in this
ovine model. Whilst a small but statistically signiﬁcant increase in hyperplasia
score was detected, the very low kappa
statistic for this variable demonstrates
the difﬁculty in reliably assessing the
subtle changes observed. Typically,
OA synovia showed focal regions of

increased intimal thickness (i.e., 3-6
cells deep) but this was regionally variable and rarely diffuse. Synovia from
normal sheep rarely conformed to the
classic description of an intimal monolayer, thus contributing to the lack of
discrimination. While quantitative estimation of cellularity (cell nuclei per
mm, in the topmost 50μm) did show
a small increase in cell number, this
was as likely the result of cell inﬁltration into the topmost subintima rather
than lining cell hyperplasia. However
whilst an increase in inﬂammatory
cell inﬁltration was clearly evident in
OA sheep, it was typically modest and
lymphoid aggregates were observed in
only a few samples. Changes in this
sheep model therefore more resemble
the ‘ﬁbrotic’ subtype of human synovial pathology identiﬁed by Oehler et
al. (2002), though this was thought to
be a late stage variant following earlier
hyperplastic or inﬂammatory synovitis,
which was apparently not the case in
this model (21).
Synovial pathology has been previously documented in other animal models
of OA. Moderate to marked synovitis
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is observed in around 50% of biopsies
from OA dogs (22), and develops rapidly following experimental anterior
cruciate ligament transection (ACLT)
(23). Hyperplasia and inﬂammatory
changes (subsynovial lymphocyte and
plasma cell accumulation) are prominent by 8 weeks post-operatively, and
ﬁbrosis develops within 13 weeks (24).
However, careful haemostasis during
open surgery considerably reduces the
incidence of synovitis when compared
to a blind ‘stab’ technique (23, 25). In
rabbit models of OA, synovial responses are rapid and severe, often preceding
observable cartilage changes (26). Synovial hyperplasia is a prominent event,
observed rapidly following the Hulth
procedure (ACLT and hemimeniscectomy) (27), joint immobilisation (28),
10% NaCl injection (29), or repetitive
impulse loading (30). By contrast, in
the sheep model used in this study (by
comparison a more chronic OA model,
in which haemostasis during inductive
surgery was carefully controlled) hyperplasia is essentially not a feature,
and cellular inﬁltration, while present,
is not particularly prominent.
Intraarticular treatment with Hyalgan® signiﬁcantly lowered the overall
aggregate synovial pathology score
when compared with saline treatment,
and reduced the extent of post-surgical
synovial ﬁbrosis and hypervascularity.
This ﬁnding is important for two reasons: ﬁrstly, it demonstrates that HA
ameliorates several of the pathological
changes associated with chronic synovitis, even when administered some
time after the induction of OA (in this
case, only 10 weeks before a 26-week
endpoint); secondly, it links therapeutic targets and likely sources of pain,
if we accept that these histological
signs of chronic synovitis are likely to
be correlated to MR-imaged synovial
thickening, which has been shown to
be uniquely associated with the presence and severity of knee pain in human OA patients (5). The observed
effect on ﬁbrosis is in agreement with
a canine study in which sodium hyaluronate injections inhibited peridural
ﬁbrosis after unilateral lumbar hemilaminotomy (31), as well as the in vitro
observation that exogenous hyaluronan
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reduces collagen synthesis by human
skin ﬁbroblasts (32). However studies with other tissues such as meniscus
have suggested that HA may instead
promote collagen remodelling (33).
In this study, HA was found to have a
signiﬁcant effect on both quantitative
and semi-quantitative indices of subintimal blood vessel density. This demonstrates that the increased synovial
vascularity associated with synovitis in
this model is the result of angiogenesis
(again a chronic, structural change) as
well as any acute inﬂammatory changes such as hyperaemia or vessel dilation, and provides possible evidence
of an anti-angiogenic effect from HA
therapy. A reduction in the number and
size of blood vessels, as well as numbers of lining synoviocytes, has also
been shown in a small human trial of
HA therapy (34). Hyaluronate has been
shown in the rabbit ACLT model to
reduce synovial production of nitric
oxide (NO) (35), a mediator likely to
be involved in synovial hyperaemia
and angiogenesis (36). In this rabbit
model intraarticular hyaluronate was
effective in reducing thickness of the
synovial lining layer (37), though it is
not clear if this was a persistent effect
(38). The observation that HA therapy
reduces MMP-3 and IL-1β mRNA in
synovium but not cartilage in the same
rabbit model (39, 40), suggests again
that synovium may be an important target tissue for HA therapy, a conclusion
supported by the ﬁndings of the current
study. However, another rabbit study
found that intraarticular HA had no
therapeutic effect on synovial histology in experimental arthritis (41).
This study demonstrates the potential
for a tailored histopathological scoring
system in assessing synovial changes
in a chronic, surgical OA model, despite the apparent variation in control
(normal) specimens. The protocol presented here differs in several ways from
other published methods (4, 8, 18): (i)
in using deﬁned criteria for regions to
be scored, particularly exclusion of
‘normal ﬁbrous synovium’ (which was
readily distinguished from pathological ﬁbrosis by its very ordered collagen
structure); (ii) in reducing the criteria
for higher scores, such that what are

(by rheumatoid standards) comparatively modest changes yielded a useful
spread of scores; (iii) in giving equal
weighting to more chronic, structural
changes such as ﬁbrosis and hyperaemia rather than inﬂammatory and hyperplastic changes, which are shown
here to be minor and more difﬁcult
to assess in this model. This protocol
was used to conﬁrm the presence of a
chronic synovitis in this OA model, predominantly manifesting as subintimal
ﬁbrosis and hypervascularity, which is
partially ameliorated by intraarticular
hyaluronate therapy.
Acknowledgements
The authors wish to thank Dr. Chris
Little for his helpful comments in reviewing the manuscript.
References

1. HENDERSON B, PETTIPHER E: The synovial
lining cell - biology and pathobiology. Semin
Arthritis Rheum 1985; 15: 1-32.
2. LINDBLAD S, HEDFORS E: Intraarticular variation in synovitis. Local macroscopic and
microscopic signs of inﬂammatory activity
are signiﬁcantly correlated. Arthritis Rheum
1985; 28: 977-86.
3. PASQUALI-RONCHETTI I, FRIZZIERO L,
GUERRA D et al.: Ageing of the human
synovium: An in vivo and ex vivo morphological study. Sem Arthritis Rheum 1992; 21:
400-14.
4. KOIZUMI F, MATSUNO H, WAKAKI K, ISHII
Y, KURASHIGE Y, NAKAMURA H: Synovitis
in rheumatoid arthritis: Scoring of characteristic histopathological features. Pathol Int
1999; 49: 298-304.
5. HILL CL, GALE DG, CHAISSON CE et al.:
Knee effusions, popliteal cysts, and synovial
thickening: association with knee pain in osteoarthritis. J Rheumatol 2001; 28: 1330-7.
6. LINDBLAD S, KLARESKOG L, HEDFORS E,
FORSUM U, SUNDSTROM C: Phenotypic
characterisation of synovial tissue cells in
situ in different types of synovitis. Arthritis
Rheum 1983; 26: 1321-32.
7. FARAHAT M, YANNI G, POSTON R, PANAYI
G: Cytokine expression in synovial membranes of patients with rheumatoid arthritis
and osteoarthritis. Ann Rheum Dis 1993; 52:
870-5.
8. SMITH M, TRIANTAFILLOU S, PARKER A,
YOUSSEF P, COLEMAN M: Synovial membrane inﬂammation and cytokine production
in patients with early osteoarthritis. J Rheumatol 1997; 24: 365-71.
9. WEINBERG J, PIPPEN A, GREENBERG C:
Extravascular ﬁbrin formation and dissolution in synovial tissue of patients with osteoarthritis and rheumatoid arthritis. Arthritis
Rheum 1991; 34: 996-1005.
10. LINDBLAD S, HEDFORS E: Arthroscopic and
immunohistologic characterization of knee-

566

11.

12.

13.

14.

joint synovitis in osteoarthritis. Arthritis
Rheum 1987; 30: 1081-8.
MYERS S, BRANDT K, EHLICH J et al.: Synovial inﬂammation in patients with early osteoarthritis of the knee. J Rheumatol 1990; 17:
1662-9.
REVELL P, MAYSTON V, LALOR P, MAPP P:
The synovial membrane in osteoarthritis - a
histological study including the characterization of the cellular inﬁltrate present in inﬂammatory osteoarthritis using monoclonal
antibodies. Ann Rheum Dis 1988; 47: 300-7.
ALTMAN RD, MOSKOWITZ R: Intraarticular
sodium hyaluronate (Hyalgan) in the treatment of patients with osteoarthritis of the
knee: a randomized clinical trial. Hyalgan
Study Group. J Rheumatol 1998; 25: 220312.
KOTZ R, KOLARZ G: Intra-articular hyaluronic acid: duration of effect and results
of repeated treatment cycles. Am J Orthop
1999; 28 (11 Suppl.): 5-7.

15. SAKAMOTO T, MIZUNO S, MIYAZAKI K,
YAMAGUCHI T, TOYOSHIMA H, NAMIKI O:
Biological fate of sodium hyaluronate (SPH)
1: Studies on distribution, metabolism and
excretion of 14C-SPH in rabbits after intraarticular administration. Pharmacokinetics 1984; 28: 375-87.
16. GOLDBERG VM, BUCKWALTER JA: Hyaluronans in the treatment of osteoarthritis of the
knee: evidence for disease-modifying activity.
Osteoarthritis Cartilage 2005; 13: 216-24.
17. SMITH M, GHOSH P: Experimental models of
osteoarthritis. In MOSKOWITZ R, HOWELL D,
ALTMAN R, BUCKWALTER JA, GOLDBERG
VM (Eds.): Osteoarthritis. Diagnosis and

Medical/Surgical Management. Philadelphia, WB Saunders 2001: 171-99.
18. ROONEY M, CONDELL D, QUINLAN W et al.:
Analysis of the histologic variation of synovitis in rheumatoid arthritis. Arthritis Rheum
1988; 31: 956-63.
19. LITTLE C, SMITH S, GHOSH P, BELLENGER
C: Histomorphological and immunohistochemical evaluation of joint changes in a
model of osteoarthritis induced by lateral
meniscectomy in sheep. J Rheumatol 1997;
24: 2199-209.
20. WATKINS MW: MacKappa (computer software). Pennsylvania State University; 1998.
21. OEHLER S, NEUREITER D, MEYERSCHOLTEN C, AIGNER T: Subtyping of osteoarthritic synoviopathy. Clin Exp Rheumatol
2002; 20: 633-40.
22. VAUGHAN-SCOTT T, TAYLOR J: The pathophysiology and medical management of
canine osteoarthritis. J South Afr Vet Assoc
1997; 68: 21-5.
23. MYERS S, BRANDT K: Studies of synovial
hyaluronic acid synthesis in canine osteoarthritis. J Rheumatol 1987; 14: 1150-5.
24. LIPOWITZ A, WONG P, STEVENS J: Synovial membrane changes after experimental
transection of the cranial cruciate ligament in
dogs. Am J Vet Res 1985; 46: 1166-70.
25. MYERS S, BRANDT K, O’CONNOR B, VISCO
D, ALBRECHT M: Synovitis and osteoarthritic
changes in canine articular cartilage after anterior cruciate ligament transection - effect of
surgical hemostasis. Arthritis Rheum 1990;
33: 1406-15.

HA reduces experimental synovitis / M.A. Cake et al.
26. SWIERSTRA B: Experimental arthrosis: Early
changes in synovial morphology and lysosomal enzyme activities. Acta Orthop Scand
1983; 54: 317-21.
27. LUKOSCHEK M, SCHAFFLER M, BURR D,
BOYD R, RADIN E: Synovial membrane and
cartilage changes in experimental osteoarthritis. J Orthop Res 1988; 6: 475-92.
28. KONTTINEN Y, MICHELSSON J-E, TOLVANEN E, BERGROTH V: Primary inﬂammatory
reaction in synovial-ﬂuid and tissue in rabbit
immobilization osteoarthritis. Clin Orthop
1990; 260: 280-6.
29. VASILEV V, MERKER H-J, VIDINOV N:
Ultrastructural changes in the synovial membrane in experimentally-induced osteoarthritis of rabbit knee joint. Histol Histopath
1992; 7: 119-27.
30. WALKER E, BOYD R, WU D, LUKOSCHEK M,
BURR D, RADIN E: Morphological and morphometric changes in synovial-membrane
associated with mechanically induced osteoarthrosis. Arthritis Rheum 1991; 34: 515-24.
31. SONGER MN, GHOSH L, SPENCER DL: Effects of sodium hyaluronate on peridural
ﬁbrosis after lumbar laminotomy and discectomy. Spine 1990; 15: 550-4.
32. CROCE MA, DYNE K, BORALDI F et al.:

Hyaluronan affects protein and collagen synthesis by in vitro human skin ﬁbroblasts. Tissue Cell 2001; 33: 326-31.
33. SONODA M, HARWOOD FL, AMIEL ME et al.:
The effects of hyaluronan on tissue healing
after meniscus injury and repair in a rabbit
model. Am J Sports Med 2000; 28: 90-7.
34. PASQUALI RONCHETTI I, GUERRA D,
TAPARELLI F et al.: Morphological analysis
of knee synovial membrane biopsies from a
randomized controlled clinical study comparing the effects of sodium hyaluronate (Hyalgan) and methylprednisolone acetate (Depomedrol) in osteoarthritis. Rheumatology
(Oxford) 2001; 40: 158-69.
35. TAKAHASHI K, HASHIMOTO S, KUBO T,
HIRASAWA Y, LOTZ M, AMIEL D: Hyaluronan
suppressed nitric oxide production in the meniscus and synovium of rabbit osteoarthritis
model. J Orthop Res 2001; 19: 500-3.
36. GRABOWSKI P, WRIGHT P, VANTHOF R,
HELFRICH M, OHSHIMA H, RALSTON S:
Immunolocalization of inducible nitric oxide
synthase in synovium and cartilage in rheumatoid arthritis and osteoarthritis. Br J Rheumatol 1997; 36: 651-5.
37. YOSHIOKA M, SHIMIZU C, HARWOOD
FL, COUTTS RD, AMIEL D: The effects of

567

hyaluronan during the development of osteoarthritis. Osteoarthritis Cartilage 1997; 5:
251-60.
38. SHIMIZU C, YOSHIOKA M, COUTTS RD et
al.: Long-term effects of hyaluronan on experimental osteoarthritis in the rabbit knee.
Osteoarthritis Cartilage 1998; 6: 1-9.
39. TAKAHASHI K, GOOMER RS, HARWOOD F,
KUBO T, HIRASAWA Y, AMIEL D: The effects
of hyaluronan on matrix metalloproteinase-3
(MMP-3), interleukin-1beta(IL-1beta), and
tissue inhibitor of metalloproteinase-1 (TIMP1) gene expression during the development of
osteoarthritis. Osteoarthritis Cartilage 1999;
7: 182-90.
40. QIU B, LIU SQ, PENG H, WANG HB: The effects of sodium hyaluronate on mRNA expressions of matrix metalloproteinase-1, -3
and tissue inhibitor of metalloproteinase-1 in
cartilage and synovium of traumatic osteoarthritis model. Clin J Traumatol 2005; 8:
8-12.
41. EYIGOR S, HEPGULER S, SEZAK M, OZTOP F, CAPACI K: Effects of intra-articular
hyaluronic acid and corticosteroid therapies
on articular cartilage in experimental severe
osteoarthritis. Clin Exp Rheumatol 2006; 24:
724.

