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Abstract

In patients with arthritis, synovial tissue is easily accessible for analysis. Blind needle 
biopsy is a simple and safe procedure. Arthroscopic biopsy is also safe, it allows access 
to most sites in the joint and it can provide adequate tissue for extensive laboratory in-
vestigations, both before and after successful therapy. Synovial tissue analysis has been 
successfully applied to the study of disease mechanisms and response to treatment. In 
addition, there may be an indication for diagnostic synovial biopsy in selected cases.
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Introduction

The synovium lines the non-cartilaginous surfaces of the synovial joints and provides 
nutrients to avascular structures such as cartilage. Synovial tissue is also found in tendon 
sheaths and bursae. Since the synovium is the key target of a variety of arthritides, it is 
to be expected that examination of synovial tissue may provide insight into the patho-
genesis of the disease. Thus, descriptive studies of rheumatoid synovium contribute to an 
understanding of the events that take place in vivo and complement experimental animal 
studies and in vitro studies (1). Many of the older studies have examined synovial tissue 
obtained at surgery. In these patients inflammation is not necessarily a prominent feature. 
Moreover, patients requiring joint surgery obviously represent a highly selected group in 
whom specific pathogenetic mechanisms might be operative that are associated with the 
process of destruction. Recent work has shown that the features of surgical specimens may 
indeed differ from synovial biopsies obtained during the active stage of the disease (2).

In recent years, examination of serial arthroscopic synovial biopsy samples has also 
been very useful in understanding the mechanism of action of targeted therapies (3). 
In the clinic, synovial tissue analysis may assist in the diagnostic work-up when synovial 
fluid cannot be aspirated, or in cases of suspicion of neoplastic or granulomatous dis-
ease, deposition disease, or infection in spite of negative synovial fluid culture (4-6).

Synovial biopsy is a safe and generally well-tolerated procedure (7-9). Synovial tis-
sue is most easily acquired from the inflamed knee joint by needle biopsy under local 
anaesthesia. The development of needle arthroscopy has considerably enhanced the 
opportunities for selecting biopsy samples from other joints, such as the ankle, wrist 
and metacarpophalangeal joints (10;11). Skill in synovial biopsy techniques is a valuable 
research resource, which can be exploited when studying disease mechanisms, the ef-
fects of therapeutic intervention or when attempting to identify prognostic indicators of 
the clinical course of the disease.

Biopsy techniques

Blind needle biopsy

Early studies have used blind needle biopsy techniques with, for instance, the Parker-
Pearson needle, which is a simplified 14-gauge biopsy needle that does not require a skin 
incision (12). Using standard aseptic techniques, the skin and subcutaneous tissue over 
the biopsy area, usually the lateral aspect of the knee joint, is infiltrated to the capsule 
with 1% local anaesthetic after aspirating the synovial fluid. The trochar is inserted into 
the joint through the anaesthetized skin and the biopsy needle is introduced through 
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the trochar. Multiple tissue samples may be obtained by altering the angle of the biopsy 
needle. Suction can be applied through the needle using a 20 ml syringe in order to ac-
quire larger tissue samples. Biopsy of knee joint synovium demonstrating minimal or no 
clinical evidence of inflammation or effusion may be facilitated by introducing 10-20 ml 
isotonic saline to expand the joint prior to introducing the trochar (13;14). Closed needle 
biopsy has, in some cases, also been performed on other joints including the shoulder, 
elbow, wrist and ankle. A modified short needle may be used to obtain synovial tissue 
from the small joints of the hands (15).

Many investigators have used blind needle biopsy to obtain synovial tissue samples, 
mostly for diagnostic reasons. It is a well-tolerated, safe, inexpensive and technically easy 
method that yields adequate tissue samples in most of the cases. It is important to note 
that measures of inflammation in tissue samples taken from clinically inflamed joints 
using the blind needle technique are generally similar to samples obtained by arthros-
copy under vision (14). In our experience with more than 800 Parker-Pearson biopsy 
procedures, we have obtained sufficient synovial tissue for histological examination in 
about 85% of the patients with various forms of arthritis. The procedure failed especially 
in joints which were not swollen. In this series, the procedure was never complicated by 
haemarthros or infection.

However, there are also limitations and disadvantages of the use of blind needle 
biopsy. It is usually restricted to larger joints, such as the knee joint, the operator is not 
able to visually select the tissue, causing potential sampling error, and as described 
above, it is not always possible to obtain adequate tissue samples. This is especially true 
when clinically quiescent joints are investigated, for example after successful therapy.

Arthroscopic biopsy

During the last 30 years arthroscopy made its entrance into rheumatology. Technology 
has considerably improved over time and the use of local and regional anaesthetics 
have made this a safe, office-based procedure.

Small-bore arthroscopes may be employed under local anaesthesia (8;11;16). After 
introducing the arthroscope, a second portal is required for the introduction of the 
grasping forceps. Knee arthroscopy can be performed using a small-bore, 2.7-mm 
arthroscope and utilising an infrapatellar skin portal for macroscopic examination of 
the synovium and a second suprapatellar portal for the biopsy procedure (Figure 1). This 
makes it possible to obtain synovial biopsy samples under direct vision from the supra-
patellar pouch, the cartilage-pannus junction, the patellar gutters, and the tibiofemoral 
junction. Similarly, arthroscopy of the wrist joint can be performed using a small-bore, 
1.9-mm arthroscope through a radial and an ulnar skin portal at the dorsum of the wrist 
at the proximal and/or distal carpal row.
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A recent survey showed a rapid increase in the number of arthroscopies performed by 
rheumatologists in an out-patient setting (17). The arthroscopic procedure is well toler-
ated and has a low complication rate, with 35-36% of patients reporting minimal pain or 
discomfort during the procedure (9). Minor complications, such as vasovagal reactions 
and temporary swelling of the joint, were mentioned in 5-10% of the cases. In a recent 
survey, in which information of 15,682 arthroscopies performed by rheumatologists was 
collected, the complication rate of haemarthros was 0.9%, deep vein thrombosis 0.2% 
and wound and joint infection 0.1%. The total complication rate reported was 15.1/1000 
arthroscopies, which is comparable to the figures reported in the orthopaedic literature 
(17). The irrigation volume of the knee joint was positively correlated with the rate of 
wound infection and the total complication rate. A possible explanation for this is the 
extended length of the procedure. In our own series of more than 2,000 arthroscopic 
synovial biopsy procedures over the last 5 years, the complication rate was < 0.3% 
(haemarthros, portal infection and septic arthritis). The procedure was generally well-
tolerated. Deep vein thrombosis did not occur. There was no permanent damage or loss 
of function after infection in any of the patients as a result of aggressive joint drainage 
and prompt antibiotic therapy. Obviously, strict instructions to the patients after the 
arthroscopy procedure are essential to prevent any delay in case of complications.

Figure 1. Knee arthroscopy using a small-bore arthroscope and a second suprapatellar portal for synovial 
biopsy under visual inspection.
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Although the technique is more complicated and more expensive than the blind 
needle biopsy, there are several advantages. First, it allows macroscopic evaluation of 
the synovium. A positive correlation between the macroscopic signs of inflammation at 
the biopsy site and the immunohistological features of inflammatory activity in the cor-
responding tissue sample has been observed (18). It is not possible, however, to predict 
in a reliable way the microscopic features of the inflamed synovium on the basis of the 
macroscopic appearance at arthroscopy (19). Interestingly, previous reports have sug-
gested that macroscopic scoring systems could be used to distinguish different patient 
groups (20;21). The visual evaluation needs more extensive validation, however, before 
it can be used in the diagnostic work-up. Using narrow-diameter arthroscopes, small 
joints, such as ankles, wrists and even metacarpophalangeal and proximal interpha-
langeal joints, can be evaluated. Another advantage of arthroscopy over blind needle 
biopsy is the fact that evaluation of the articular cartilage may be used for the evaluation 
of the effects of treatment (22). Moreover, it is basically always possible to obtain tissue 
in adequate amounts, even when the synovial tissue volume has decreased as a result 
of effective treatment.

Synovial tissue samples: how many and from which patients?

Several studies have suggested a certain degree of morphological heterogeneity in syn-
ovial samples taken from one joint (18). However, it is possible to quantify several mark-
ers of inflammation in a reliable way examining a limited area of tissue (23-25). For T cell 
infiltration and expression of activation antigens in rheumatoid arthritis (RA) synovium, 
a variance of less than 10% can be reached when at least six biopsy specimens are exam-
ined (26), suggesting that representative data can be obtained when a limited number 
of biopsy samples from different areas within one joint are investigated. Consistent with 
these data, it has been demonstrated that using about six tissue samples allows for the 
detection of twofold differences in gene expression by quantitative polymerase chain 
reaction (PCR) (27). Therefore, we recommend obtaining at least six biopsies for each 
technique used in research.

When the biopsies are taken from an actively inflamed joint there is, on average, no 
clear cut difference in the features of synovial inflammation or the expression of media-
tors of inflammation and destruction at the pannus-cartilage junction compared with 
other regions away from the pannus-cartilage junction (28-30). In addition, the signs 
of inflammation in tissue samples taken from inflamed small joints compared to larger 
joints, such as the knee, are generally comparable (11), indicating that the inflammatory 
process in one inflamed joint is representative of that in other inflamed joints.
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In contrast, there is large variability of synovial inflammation between different patients 
in all phases of the disease (31-34). Therefore, it is essential that the number of patients 
is sufficient when different arthritides are compared. In addition, patient cohorts should 
be stratified for disease activity and use of medication to allow meaningful conclusions, 
since both variables influence the features of the synovium (31;35).

Processing of synovial tissue

For routine pathological examination by light microscopy, the tissue samples are fixed 
in 4% formalin and embedded in paraffin. This can be used for haematoxylin and eosin 
staining and certain immunohistochemical stainings. When gout is suspected, the bi-
opsy samples should be conserved in absolute alcohol because the monosodium urate 
crystals will dissolve in most other fixatives. Unstained sections can be examined with 
the polarization microscope. It is also possible to use the DeGolanthal stain to detect 
urate crystals. In the case of a suspected infection, the tissue should be kept in suitable 
culture media. When tissue samples are to be examined for the presence of bacterial 
DNA by PCR, contaminating DNA needs be avoided and the samples should be snap 
frozen in liquid nitrogen.

For research purposes, synovial tissue can be processed for histology, immuno-
histochemistry, immunofluorescense, in situ hybridization, PCR, micro-array, tissue 
enzyme-linked immunoassay (ELISA), proteomic profiling and cell or tissue culture. Im-
munohistochemistry can be performed on formalin fixed, paraffin-embedded material 
or on samples that were snap-frozen in optimum cutting temperature (OCT) compound-
embedding medium and stored in liquid nitrogen. mRNA can be extracted directly from 
fresh biopsy samples, but detection of mRNA is also possible in samples that were snap 
frozen immediately after the tissue was obtained. Tissue samples can be used to culture 
synovial cell populations (36) and whole biopsy samples (37) when appropriate tissue 
culture media are used.

Indications of synovial tissue analysis

Differential diagnosis

In rheumatology it is usually possible to make a diagnosis on the basis of the history, 
clinical examination, routine laboratory tests, radiographical examination, and synovial 
fluid analysis. When synovial fluid cannot be aspirated, or in cases of suspicion of infec-
tion in spite of negative synovial fluid culture, examination of synovial biopsies may 
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be of additional value (38-40). The mainstay of the diagnosis is a positive culture, but 
this may take days or even weeks for slow-growing pathogens. Cultures can also be 
negative when the pathogen is difficult to culture or due to prior exposure to antibiotics. 
Recently, the use of PCR has been evaluated in detecting bacterial DNA in the synovium 
for differential diagnosis as well as monitoring therapy of infectious arthritis. By apply-
ing broad-range bacterial primers to the analysis and amplification of genes coding for 
ribosomal RNA, most bacterial species can be detected. This method has been used 
successfully, even when culture failed (41;42). PCR might be especially helpful when 
antibiotic treatment has been initiated before synovial fluid was obtained for culture 
(41), in case of slow-growing micro-organisms such as mycobacteria (38), or when Bor-
relia, Chlamydia or Neisseria species are suspected (39;43;44). Very stringent conditions 
are required because of the risk of false positive results caused by contamination (4;45). 
It is important to note that a positive result does not necessarily proof the presence of a 
viable or proliferating organism.

Examination of synovial biopsies may also help to make a diagnosis in some relatively 
rare infiltrative and deposition diseases of the joints. In gout and pseudogout, tophus-
like deposits can be found in the synovial membrane and cartilage (46). This may reveal 
the diagnosis in occasional cases when synovial fluid analysis is negative. Other rela-
tively rare diagnoses that can be made on the basis of synovial tissue analysis include 
amyloidosis, ochronosis, haemochromatosis, proliferative disorders such as pigmented 
villonodular synovitis (PVNS), synovial chondromatosis, synovial chondrosarcomas, 
synovial haemangiomas, lipoma aborescens, intracapsular chondromas, synovial metas-
tases from distant neoplasms and synovial involvement of lymphoreticular malignancy 
(47).

Synovial tissue analysis might also assist in the diagnostic process in early phases 
of immune-mediated forms of arthritis before the patients fulfil classifying diagnostic 
criteria. It would be particularly useful to predict which patients will have a persistent 
and destructive disease, such as RA. However, many of the pathological changes in the 
rheumatoid synovium, including vascular congestion, intimal lining layer hyperplasia, 
mononuclear cell infiltration and fibrin depositions commonly occur in disorders other 
than RA. Still, synovial tissue analysis might have diagnostic potential in distinguishing 
RA from other forms of arthritis. Multivariate models can predict a diagnosis of RA solely 
on the basis of examination of synovial biopsy specimens with an accuracy of 85% when 
massive infiltration by plasma cells and macrophages in the synovial sublining is pres-
ent. A diagnosis other than RA can be predicted in > 95% of the cases when there is only 
minimal infiltration by these cells (5). Previous work has suggested that the presence 
of citrullinated proteins could be specific for RA (48), but this could not be confirmed 
in subsequent studies (49;50); citrullination of synovial antigens may occur in any form 
of joint inflammation (51). The induction of autoantibodies directed to these proteins, 
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however, appears to be specific for RA (51). Taken together, examination of synovial tis-
sue may be useful for diagnosing infectious, infiltrative and deposition diseases of the 
joints, but the role in the differential diagnosis of immune-mediated disease is limited.

Pathogenetic studies

The synovium is a primary site of inflammation and a major effector organ in a variety 
of joint diseases, including RA. As a result, there has been increased interest in studies 
of the pathological changes of the synovium (52). Rheumatoid synovial tissue is char-
acterised by marked intimal hyperplasia and by accumulation of T cells, plasma cells, 
macrophages, B cells, mast cells, natural killer cells and dendritic cells in the synovial 
sublining layer, but only few neutrophils are found (1). It is generally believed that large 
numbers of neutrophils diffuse through the intimal lining layer into the synovial fluid, 
where they form the predominant cell population (53). Many pro-inflammatory media-
tors and tissue degrading products such as reactive oxygen species and reactive nitro-
gen species, prostaglandins, cytokines, auto-antibodies and proteases are secreted into 
the synovial compartment by the infiltrating cell populations. Of interest, the synovial 
cell infiltrate, as well as the expression of adhesion molecules, cytokines, chemokines 
and matrix metalloproteinases, already exhibit all features of chronic synovial inflam-
mation very early after the clinical onset of the disease (21;31;54-58). This is consistent 
with the notion that the development of signs and symptoms is preceded by a phase 
characterized by immunological abnormalities and asymptomatic synovitis (54;59-61). 
As indicated above, it is essential to stratify patient cohorts for disease activity and use 
of medication when comparing the tissue characteristics from early RA patients to those 
with longstanding disease, since these variables represent an important source of bias.

Synovial tissue analysis has also shown that there is marked variation between dif-
ferent individuals in all phases of RA (31;32;62). It has been suggested that RA patients 
display reproducible patterns in the organization and activity of synovial infiltrates, 
which are associated with the level of cytokine expression in the tissue (33). Recent work 
using complementary DNA microarray analysis to profile gene expression in rheuma-
toid synovial tissue also showed considerable variability, resulting in the identification 
of molecularly distinct subsets of RA tissues (34). Thus, using different methodologies, 
these studies have consistently indicated that RA may comprise different pathogenetic 
mechanisms leading to a common clinical syndrome. Conceivably, more insight into 
these distinct subsets may help to define homogeneous groups for clinical studies and 
the evaluation of targeted therapies. Together, studies on rheumatoid synovial tissue 
have provided important insight into the key factors involved in the pathogenesis of the 
disease and they have revealed the heterogeneity of RA as well as the chronicity of the 
inflammatory process in what we in the clinic define as  ‘early RA’.
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Although the data are even more limited, similar studies are being undertaken in other 
arthritides, such as psoriatic arthritis (63-65), reactive arthritis (66;67) and ankylosing 
spondylitis (21;68).

Synovial tissue response to treatment

Analysis of serial synovial tissue samples is increasingly used in the evaluation of tar-
geted therapies in an early stage of drug development (3). This approach may help to 
increase our understanding of the mechanism of action of the therapeutic intervention. 
Furthermore, examination of the effects at the site of inflammation in phase I/II studies 
may be used for target validation and to demonstrate proof of principle. In addition to 
studying the specific effects of the intervention, sensitive biomarkers associated with 
clinical efficacy may be used for selection purposes during the development process 
(35;69;70). It has been suggested that our usual thinking about the use of biomarkers in 
clinical trials is about to change dramatically (71). Clinical investigations will increasingly 
consist of small trials with a high density of data. The importance of including the analy-
sis of synovial tissue samples has been underscored by the observation that the activity 
of clinical arthritis is accompanied by histological signs of synovitis after treatment of 
RA patients with the monoclonal antibody Campath-1H, despite profound depletion of 
circulating lymphocytes (72).

A recent study was designed to identify the optimal synovial biomarker associated 
with clinical efficacy following a short treatment duration (69). This study demonstrated 
the status of sublining macrophages as an optimal biomarker associated with clinical 
response. Subsequently, the merit of using this biomarker was tested across a range of 
discrete interventions and kinetics (26). Eighty-eight patients who participated in various 
randomised clinical trials were evaluated in the same centre, using standardised tech-
niques. The treatments evaluated included methotrexate, leflunomide, prednisolone, 
infliximab, a specific chemokine receptor-1 (CCR-1) inhibitor and placebo. All patients 
had baseline and follow-up biopsies and disease activity scores (DAS) obtained. There 
was a significant correlation between the change in the number of macrophages and 
the change in DAS28. The change in sublining macrophages could explain 76% of the 
variation in the change in DAS28. Interestingly, this close correlation was independent 
of the primary mode of action of the individual therapy, indicating that the effect of 
treatment is associated with an ultimate effect on common final pathways.

The sensitivity to change of the biomarker was high in actively treated patients, 
while no significant changes were detected in placebo-treated patients. These data 
are consistent with other studies showing that serial biopsy samples from RA patients 
who received either placebo or unsuccessful treatment did not reveal synovial changes 
in the relevant biomarkers (35;73-77). Thus, changes in serial biopsy samples cannot 
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be explained by placebo effects, regression to the mean, expectation bias, or by the 
arthroscopy procedure itself. Rather, they reflect biological effects of the treatment. 
Therefore, this approach can be used as a screening method to test new drug candidates 
requiring relatively small numbers of subjects. The absence of changes after treatment 
would suggest that the therapy is probably not effective. However, the demonstration 
of biological changes at the site of inflammation may provide the rationale for larger, 
placebo-controlled trials.

Using this approach, successful treatment with disease-modifying anti-rheumatic 
drugs, such as gold (78), methotrexate (79-81) and leflunomide (81), was shown to be 
associated with decreased mononuclear cell infiltration. Similarly, successful treatment 
of RA patients with infliximab (82-85) and anakinra (74) resulted in reduced synovial 
inflammation. Of interest, the number of macrophages in the synovium was already sig-
nificantly decreased 48 hours after initiation of infliximab treatment (85). After 1 month, 
the most pronounced reduction of macrophage numbers was found in the patients who 
fulfilled criteria for clinical improvement at 12 weeks, suggesting that this approach 
might be used to predict the clinical response.

Most of the biopsy studies have been performed in RA patients, but recent work has 
shown that the same approach can be used for the evaluation of novel therapies in 
patients with other rheumatological disease, such as spondylarthropathies (86-89).

Serial synovial biopsy is now widely used by a limited number of centres with stan-
dardised methodology. The advances in the evaluation of the synovial tissue response 
to targeted therapy will challenge academic rheumatology to optimise the clinical 
resources and expertise in both arthroscopy and sophisticated tissue analysis. Moreover, 
there will be interesting opportunities for collaboration with pharmaceutical industries 
in early phases of drug development.

Concluding remarks

The synovial membrane is a major target tissue in RA and other arthropathies. Recent 
technical developments have allowed synovial biopsy samples to be obtained in a safe 
and generally well-tolerated way. Synovial tissue analysis can be used for diagnostic 
purposes in selected cases. In addition, the evaluation of inflamed synovial tissue plays 
an increasingly important role in pathogenetic studies as well as in the identification 
of novel therapeutic targets. Experimental studies evaluating the effects of targeted 
therapeutic interventions at the site of inflammation may further increase our insight 
into the pathogenesis of a variety of arthritides. This approach can also be used for proof 
of principle studies and to screen for potential efficacy of new compounds. Recent work 
has identified synovial biomarkers that are associated with clinical efficacy independent 
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of the primary mechanism of action of treatment. It is likely that more sophisticated 
biomarkers, including gene expression profiles, will be developed and validated in the 
near future. It can be anticipated that future work will also include the identification of 
predictive indices of outcome in patients with arthritis. Since studies of synovial tissue 
samples will increasingly be used in multi-centre studies, further standardisation and 
validation of the methodology will be essential.
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