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Morphometric comparison of synovium from patients
with osteoarthritis and rheumatoid arthritis
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SUMMARY Synovium was collected from 15 patients who were undergoing joint surgery. Two groups
were defined by clinical diagnosis: patients with primary osteoarthritis (n = 4); and those with
rheumatoid arthritis (n = 11). The synovium was studied using histological and morphometric
techniques. In agreement with previous studies, no histological features specific for either diagnosis
were found. A previously validated morphometric method was used to estimate the cellular density of
randomly picked fields within defined areas of synovium. The mean nuclear density of cellularity of
comparable areas of synovium was significantly different between these two disease states, but the
mean nuclear density between individual representative samples within each clinical group was
homogeneous. The morphometric analysis of lymphocyte subsets showed that within the upper

synovial region and cellular aggregates in osteoarthritis, the distribution ofT cells expressing the CD4
and CD8 antigen was the same. In rheumatoid arthritis CD8 cells predominated in the upper synovial
region and CD4 cells in the cellular aggregates. Plasma cells were rarely found in osteoarthritic
synovia, but were common in rheumatoid arthritis, with IgG-producing plasma cells predominating.
Morphometric studies of representative synovial samples may help to improve histological

diagnosis and our understanding of pathological mechanisms.

Osteoarthritis may be regarded, for functional and
investigative purposes, as joint failure. Various
anatomical, metabolic, and tissue factors can all
produce the same result of cartilage degeneration,
pain, and loss of joint function in the final common
pathway.' Previous histopathological studies have
concentrated on changes in bone and cartilage23 but
there has been little study of the synovial reaction.45
Whether this reaction contributes to the joint failure
or occurs as a result of other factors-for example,
crystal deposition6-remains to be determined. This
study aimed to compare the cellular density and
composition of representative samples of osteoarth-
ritic and rheumatoid arthritic synovium, using a
previously validated morphometric method.7

Material and methods

Fresh synovium was obtained from 15 patients who
were undergoing joint surgery; 4 had been diagnosed
as having primary osteoarthritis8 and 11 fulfilled the
American Rheumatoid Association criteria for classic
or definite rheumatoid arthritis.9 The mean age
Accepted for publication 3 March 1988

(± standard error) of both groups was 65-5 (SE5 2)
and 61[7 (SE2-4) years, respectively. In the osteoarth-
ritic group synovium was collected during joint
replacement surgery to include two total hip and two
total knee replacements. In the rheumatoid group nine
samples were taken during joint replacement surgery
to include two hip and seven knee (one specimen was
from the excised head of radius and one from arthro-
scopy). The synovium was collected from the operat-
ing theatre in dry sterile pots and described macro-
scopically. It was trimmed of joint capsule and
articular cartilage and cut into between three and five
blocks, some of which were fixed in 10% buffered
formalin and embedded in paraffin wax while the
remainder were supported in OCT compound and
frozen in isopentane cooled in liquid nitrogen: 5
micron sections were cut ready for staining.

HISTOLOGICAL TECHNIQUES
The paraffin sections were stained with Carazzi's
haematoxylin and eosin and used for assessment of
overall histopathological changes and determination
of the cellularity. An indirect immunoperoxidase
method'° using diamino benzidine tetrachloride
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Table I Reagents used to identify cell subsets and their
specificities

Name Specificity Produced by

Polyclonal:
Anti-immunoglobulin

G Immunoglobulin, Dako immunoglobulin
M B cells, plasma cells and
A rheumatoid factor

Monoclonal:
Leu 3a CD4 (T helper) Becton Dickinson
UCHT4 CD8 P Beverley, University

(suppressor/cytotoxic) College Hospital,
London

RFDr HLA class II antigen G Janossy, Royal Free
Hospital, London

RFB4/6 CD22/21 B cells G Janossy, Royal Free
Hospital, London

Histochemical stains:
NSE Macrophages and

activated lymphocytes

(DAB) as substrate identified antibody staining.
Paraffin sections, predigested in 0 05% protease solu-
tion (Type VII, Sigma), were used to identify plasma
cells while monoclonal antibodies (table 1) were
applied to frozen sections. These sections were also
stained for non-specific esterase (NSE) to indicate cells
of the monocyte/macrophage series."
The synovia were assessed on a scale of present,

absent, or "minimally represented" with reference to a
table of readily defined histological features (table 2),
similar to the tables of accessions used by Cooper et
al.12

MORPHOMETRIC METHODS
The cellularity or cellular density of the synovium was
calculated using a previously validated nearest neigh-
bour analysis.7"3 A computed image analysis system
was used at a magnification of x 467. In another study
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regions of similar cell density within the synovium
were defined.' These regions were:

a) the "upper synovial region", defined as the tissue
seen within 0-6 mm ofthejunction between thejoint
cavity and the synovial lining layer (0-6 mm is the
diameter ofa field ofview at the magnification used,
x 467);
b) the "lower synovial region"-the remaining
synovium deep to 0-6 mm;
c) "cellular aggregates", defined as collections of 50
or more predominantly mononuclear cells with a
discrete border. Such cellular aggregates were found
within both the upper and lower synovial region.

This method allowed the size of a representative
sample of synovium to be defined as 2-24 mm2 from
the upper synovial region, and 0-28 mm2 from cellular
aggregates needed assessment. This is equivalent to
eight upper and four aggregate random fields of view
at x 467 magnification.7 It was not possible to define
the size of the representative sample of the lower
synovial region.

Frozen sections were not suitable for semi-
automated image analysis as the quality ofthe staining
was insufficient for projection. The cellular density of
these sections was calculated using a Leitz Laborolux
microscope fitted with a Whipple (10 x 10 grid)
eyepiece graticule at a final magnification of x 250. As
a different processing technique was used for frozen
tissue it was necessary to recalculate the size of the
representative sample. This was achieved by defining
the area of frozen tissue which required assessment to
count the same number of nuclei determined as
representative in paraffin sections. This was shown to
be 2-04 mm2 in total or 13 upper region and four
aggregate fields counted using an eyepiece graticule
with an area of0- 12 mm2. Unfortunately, despite using
large biopsy specimens, individual synovial samples of
these regions could not be assessed and so the data

Table 2 Histologicalfeatures seen in synovium ofpatients with osteoarthritis and rheumatoid arthritis

Lymphocyte Plasma cell Histiocytes
Histologicalfeature Viii SLL perivascular aggregate diffuse aggregate diffuse aggregate diffuse

H&E* Osteoarthritis 100% 25% 50% 0% 50% 0% 25% 0% 100%Rheumatoid arthritis 90% 90% 100% 73% 100% 63% 100% 100% 100%CD4 Osteoarthritis - - + - - -
Rheumatoid arthritis + ± + + + + +

CD8 Osteoarthritis i - ± - + ±
Rheumatoid arthritis + - + + + + +

NSE Osteoarthritis ± + ± - - - - + +
Rheumatoid arthritis + + + + + + + + +RFDr Osteoarthritis i + + - - - - + +
Rheumatoid arthritis + + + + + + + + +Ig Osteoarthritis - - - - - -
Rheumatoid arthritis + - + + + + + + +B4/6 Osteoarthritis -

Rheumatoid arthritis - - - 27%

SLL Synovial lining layer; + present; - absent; ± minimally represented; *refers to percentage of cases in which the histological feature wasfound.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.41.8.847 on 1 A
ugust 1988. D

ow
nloaded from

 

http://jcp.bmj.com/


Morphometric comparison ofsynovium in osteoarthritis and rheumatoid arthritis
accumulated from random fields within each group
were studied.

Strict criteria were applied to the definition of
cells-to count a lymphocyte it was required to see a
ring of DAB positive material around at least 70% of
the nucleus. Plasma cells were counted only if DAB
positive material was seen adjacent to an eccentrically
placed nucleus containing condensed chromatin
material. As different processing and morphometric
techniques were used, the density of paraffin sections
was recorded as nuclei mm-2 and frozen tissue sections
as cells mm-2.
The results were expressed as the sample mean with

95% confidence interval (CI) and mean difference
(md).'4 Student's t test, degrees of freedom (df), and
Wilcoxon's rank sum test with quotient 'c"5 were used
to assess significance.

Results

HISTOLOGICAL DESCRIPTION (table .)
In osteoarthritic synovia the histopathological
appearances (fig 1) confirmed previous descriptions."6
Villi were seen in all the synovia but were generally
small. Synoviocyte hypertrophy and hyperplasia was

not prominent, and although fibrin was seen, it was
scanty. A chronic inflammatory cell reaction consist-
ing of CD4 and CD8 stained cells was found in three
synovia (two cases of hips (14 and 15) and one case of
knee (12); in one synovium, however (case 13) (knee),
lymphocytes were absent. In two of the synovia (cases
14 and 15) perivascular lymphocyte aggregates were
seen, and in one of these (case 14) a diffuse reaction
was also present. In the other synovium (case 12) only
a diffuse lymphocyte reaction was seen. No B cells
were seen and plasma cells were seen diffusely in only

Table 3 Percentage of totalfields with specified nuclear
density in osteoarthritis and rheumatoid arthritis

Nuclear density
(nuclei mm-2) Osteoarthritis Rheumatoid arthritis

0-1000 20 4
-2000 29 10
-3000 32 20
-4000 9 10
-5000 4 10
-6000 6 8
-7000 6
-8000 6
-9000 4
-10000 5
-16000 17

one of the synovia (case 14). A diffuse histiocytic
reaction, staining with neurone specific enolase (NSE),
and RFDr was present in all the synovia but no focal
collections were seen.

Each of the rheumatoid synovia featured villus
formation, hyperplasia of the synovial lining cells, and
a chronic inflammatory cell reaction which consisted
oflymphocytes, plasma cells, and macrophages (fig 1).
The T lymphocyte reaction was of two main patterns,
a diffuse reaction in which CD8 cells were prominent
and in cellular aggregates where CD4 cells predomin-
ated. In three synovia, lymphocyte aggregates were
found which were characterised by a central area
strongly reacting not only with the B cell monoclonal
antibody RFB4/6 but also with pericellular IgG and
IgM staining. No other B cells were seen in these
synovia, but plasma cells were extensively distributed
throughout the interaggregate areas as well as in
discrete collections. RFDr staining was strong
throughout in both aggregate and interaggregate
regions; the NSE positive staining was less associated
with aggregates than the interaggregate region.

MORPHOMETRIC ANALYSIS

Using the method previously described,7'3 the nuclear

,A

Fig I Synovium in osteoarthritis. (Haematoxylin and
eosin.)

Table 4 Mean nuclear density (x 1O0 nuclei mm-2) of
randomfields takenfrom osteoarthritis and rheumatoid
arthritis upper, aggregate, and lower regions

Upper Aggregate Lower

Osteoarthritis Mean 1 5 40 0-96
95% CI 1-3-1-7 3-2-4-7 0-8-1-09
n= 35 7 40

Rheumatoid arthritis Mean 3-8 9-3 1-6
95% CI 3-5-4-1 9-2-9-4 1-4-1-8
n* 94 75 47

Mean difference 2-27 5 30 0-6
95% CI 1-81-2-73 5-12-5-63 0-36-0-83

tvalue (Student's) 9-74 2-04 5-16
df 127 80 85
c value (Wilcoxon rank sum) 8-6 4-2 4-7
p value p<0-001 p<0-001 p<0.001

*No of fields assessed.
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Fig 2 Synovium in rheumatoid arthritis. (Haematoxylin
and eosin.)

density of the projected fields in osteoarthritic and
rheumatoid arthritic synovium was calculated. This
not only showed the expected variability but also
considerable overlap in field densities between these
two'diseases (table 3). When the synovium was divided
into upper and lower synovial regions and cellular
aggregates, the difference in the cellular density bet-
ween comparable regions of osteoarthritic and
rheumatoid arthritic synovium was significant (table
4). The density of the upper synovial region in
osteoarthritis, however, did not differ significantly
from the lower region of the rheumatoid synovium
(p > 0 5). Within each clinical grouping there was no

significant difference between the representative mean
nuclear density of individual samples and the

5000
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E

D 2000
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1000*
RA =Rheumatoid arthritis
OA = Osteoarthritis

t t
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Fig 3 The mean nuclear density ( x 103 nuclei mm-2) and
95% CI ofaccumulated and individual representative samples
takenfrom the upper synovial region ofosteoarthritic and
rheumatoid arthritic synovium.
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accumulated group mean except for one of the
rheumatoid arthritic upper region samples (case 6) and
this was significantly less dense than the group mean
(mean density 1300, 95% CI 200 to 2300, df 100
t = 2-37, p<002). The +95% CI for the osteo-
arthritic upper synovial region and aggregates (1700
and 4500 nuclei mm 2, respectively) permitted com-
plete discrimination between the individual regional
means for each group of synovia (fig 3). Although a
significant difference was found when the accumulated
lower synovial region data from each group were
compared, it was not possible to assess individual
synovia as a representative sample of this region could
not be defined.7

MORPHOMETRIC ANALYSIS OF LYMPHOCYTE
SUBSETS AND MACROPHAGES (table 5)
From this analysis it can readily be seen that the CD4,
NSE, and plasma cell composition of comparable
regions in these two diseases differed significantly
(p<000 1). The CD8 cell composition of the upper
synovial region was also significantly different in these
two diseases (p < 0-00 1), but within cellular aggregates
the distribution was similar. In the upper synovial
region of osteoarthritis the distribution of CD4 and
CD8 cells was similar; in rheumatoid arthritis there
were significantly more CD8 cells than CD4; the
CD4:CD8 ratio 0-6:1, mean density 71-21, 95% CI 24
to 19, df 142 t = 2-97, p< 0.01). The T cell composi-
tion of the few cellular aggregates seen in the osteoar-
thritic synovia showed an equal density of CD4 and
CD8 cells. In the rheumatoid cellular aggregates there
was a significant predominance of CD4 cells
(CD4:CD8 ratio 3-8: 1, mean density 1097,95% CI 700
to 1494, df 82, t = 55, p<0001).

Table 5 Mean cellular density (cells mm-2) ofcell subsets
comprising upper synovial region and cellular aggregates

Osteoarthritis Rheumatoid arthritis

Mean 95%CI (n=) Mean 95%C1 (n=)

Upper:
CD4 29 7-65 14 88 56-121 32
CD8 12 4-20 13 159 124-194 35

CD4:CD8 ratio 2 4:1 0 6:1
IgG* 175 126-224 80
IgM see text 35 27-43 80
IgA 78 49-107 71
NSE 212 111-313 26 845 728-962 88

Aggregate:
CD4 279 7-550 1 1 1471 1132-1808 44
CD8 378 259-497 11 383 281-485 40

CD4:CD8 ratio 0 7:1 3-8:1
IgG* 336 240-432 36
IgM see text 51 30-71 43
IgA 69 37-102 46
NSE No representative sample 966 813-1118 52

*Plasma cell density measured as nuclei mm-2 (see text)

nJi . . . . . . . . . . . . . . . . . .
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Morphometric comparison ofsynovium in osteoarthritis and rheumatoid arthritis 851
The analysis of NSE staining highlighted the pro-

nounced increase in the density of these cells in the
rheumatoid upper synovial region when compared
with osteoarthritis (mean difference 663, 95% CI 412
to 854, df 112, t = 559, p<0-001). The ratio of NSE
positive cells to T cells, however, was greater in
osteoarthritic than in rheumatoid synovium (NSE:
CD4 + CD8, for osteoarthritis, 5.2: 1; for rheumatoid
arthritis, 3 4:1). Cellular aggregates could be assessed
only in the rheumatoid arthritis synovia where the
proportion of NSE to T cells was 0-5: 1. In the
rheumatoid synovia the distribution of NSE staining
was similar between the upper synovial region and
cellular aggregates (p>0 1). It was not possible to
apply the morphometric analysis to HLA class II
antigen staining as it was not clearly associated with
individual cells.
Plasma cells were shown in only one of the osteo-

arthritic synovia where a total of 15 IgG, three IgA,
but no IgM plasma cells were found in the whole
biopsy specimen. In rheumatoid arthritic synovia IgG
plasma cells predominated throughout the synovia
and were significantly associated with aggregates
(mean density 162,95% CI 65 to 257, df 114, t = 3-32,
c = 3.35, p < 0.005). IgA plasma cells were significan-
tly more dense in the upper region than IgM (mean
density 43, 95% CI 14 to 72, df 149, t = 2.95,
p<0.005) but were evenly distributed between the
upper region and aggregates.

Discussion

Osteoarthritis may be regarded as joint failure, and as
such many conditions may predispose to it.' The
synovium in osteoarthritis may be "normal"'6" or
may show features of chronic inflammation.4 Indeed,
focal accumulations of lymphocytes may be present in
up to 80% of synovia designed as osteoarthritic.'8
Nevertheless, despite this variation in the inflam-
matory cell reaction osteoarthritic synovium has been
used as a "control" in many studies investigating the
pathogenesis of synovitis.'"23 This is the first study to
compare the composition of primary osteoarthritic
and rheumatoid synovium using a morphometric
analysis of representative samples.' It has enabled
criteria to be defined which allow discrimination
between the cellularity ofthese diseases and has shown
significant differences in the composition of the
inflammatory reaction.

It is generally accepted that the synovial reaction in
osteoarthritis is less intense than in rheumatoid arth-
ritis.`6 But it is important to emphasise that there are
no histological criteria specific for either disease,2324
except for rheumatoid nodules which are only found in
a few rheumatoid arthritic synovia. 8 Some path-
ological features are found in more cases and to a

greater extent in rheumatoid arthritic than osteoarth-
ritic synovium, but they are not specific for.
rheumatoid synovitis.2"27 In three of the osteoarthritic
synovia studied there was a chronic inflammatory cell
reaction and so the synovia could not be regarded as
non-inflammatory.4 The morphometric analysis
showed, however, that while there was considerable
overlap in the overall cellularity between these two
diseases, the nuclear density of the osteoarthritic
upper synovial region and cellular aggregates was
significantly different from the corresponding
rheumatoid arthritic regions. Although only a small
group ofosteoarthritic synovia were studied, there was
similarity in regional density between individual sam-
ples within this group.
The T cell composition of osteoarthritic synovium

has rarely been studied.5`2 In one study it was reported
that the T cells were mainly of the CD4 subset while
CD8 cells occurred only sparsely5; in another, CD8
cells were shown to be increased, reaching 70%
positivity within the normal layer of synoviocytes.2'
This discrepancy may be due to studying different
stages of the disease process, or non-representative
sampling. The present study has shown that although
T cells were scanty in osteoarthritic synovia collected
at joint replacement surgery, CD4 and CD8 cells were
equally distributed not only in the upper region but
also in aggregates. This is similar to the distribution of
T cells reported by Linblad and Hedfors in the
synovium from healthy subjects.28 Normal synovium,
however, is difficult to obtain, and this study, albeit of
a small number of patients, with osteoarthritis, would
support the use of synovium from primary osteoarth-
ritis as an important source of tissue for comparison
with inflammatory synovitis.

This study has highlighted many important differences
between the composition of osteoarthritic and
rheumatoid arthritic synovium. It has shown that
morphometric analysis of synovium is possible and
useful in the evaluation of the synovial changes seen in
the different clinical patterns of arthritis. Such studies
may not only improve the histopathological diagnosis
but may also increase the understanding ofthe chronic
inflammatory reaction.
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