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In the majority of joint diseases, changes in the organization of the synovial architecture appear early. Synovial tissue analysis might provide useful information for the diagnosis, especially in atypical and rare joint disorders, and might have a value in case of undifferentiated inflammatory arthritis, by improving disease classification. After patient selection, it is crucial to address the dialogue between the clinician and the pathologist for adequately handling the sample, allowing identifying histological patterns depending on the clinical suspicion. Moreover, synovial tissue analysis gives insight into disease progression helping patient stratification, by working as an actionable and mechanistic biomarker. Finally, it contributes to an understanding of joint disease pathogenesis holding promise for identifying new synovial biomarkers and developing new therapeutic strategies. All of the indications mentioned above are not so far from being investigated in everyday clinical practice in tertiary referral hospitals, thanks to the great feasibility and safety of old and more recent techniques such as ultrasound-guided needle biopsy and needle arthroscopy. Thus, even in rheumatology clinical practice, pathobiology might be a key component in the management and treatment decision-making process. This review aims to examine some essential and crucial points regarding why, when, where, and how to perform a synovial biopsy in clinical practice and research settings and what information you might expect after a proper patient selection.
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INTRODUCTION

Changes in the organization of the synovial architecture are evident in the majority of joint diseases. Thus, the synovium has been studied at the macroscopic, microscopic, and molecular levels as it is an important determinant for the understanding of the biology of the joint and the etiopathogenesis of several joint diseases (1). In rheumatology, synovial tissue analysis provides insight into disease status and disease mechanisms by working as an actionable and mechanistic biomarker.

The synovium is a complex tissue composed of different cell types including tissue-resident macrophages, fibroblasts, and endothelial cells, as well as blood vessels, lymphatic vessels, and nerves (2). The histological analysis shows subcellular compartmentalization in two distinct zones: the lining layer and the sublining layer. The synovial lining has a crucial role in controlling the cellular and molecular exchange with the joint cavity and in maintaining joint integrity by regulating the composition of synovial fluid. In a healthy joint, it is made up of one to three cells thick and it is composed of tissue-resident macrophages and fibroblasts supported by a porous basement-like membrane, while the sublining, aside from fibroblasts and tissue-resident macrophages, includes nerves and blood and lymphatic vessels (2).

When pathology comes in, the normal architecture of the synovial membrane may be disrupted leading to alterations of the lining thickness, stromal cell density, and inflammatory infiltrate.

As in many joint diseases, the changes mentioned above occur early, and synovial tissue analysis might provide useful information for the diagnosis, especially in the case of atypical and rare joint disorders, and might have a supportive value in case of undifferentiated inflammatory arthritis, by improving disease classification. Moreover, it gives insight into disease progression helping patient stratification, a process in constant evolution. Finally, it contributes to an understanding of joint disease pathogenesis holding promise for the identification of new synovial biomarkers and the development of new therapeutic strategies (3).

This review aims to examine some essential and crucial points regarding why, when, where, and how to perform a synovial biopsy in clinical practice and research settings and what information you might expect after a proper patient selection. Given the breadth of the matter, we focus only on those aspects that are of the most interest to the rheumatologist.



WHEN SHOULD THE SYNOVIAL BIOPSY BE DONE?

The synovium is involved in all chronic inflammatory arthropathies. Although in routine clinical practice synovial biopsy is not mandatory for most diagnoses of inflammatory arthritis (e.g., rheumatoid arthritis—RA); in some circumstances it becomes irreplaceable (Figure 1). Indeed, when patient history, examination, and diagnostic investigations do not allow to delineate a clear picture and where there is a clinical suspicion of systemic forms, histological examination of synovial tissue with adequate sample processing can allow differential diagnosis between infective, neoplastic, deposition, and histiocytic diseases.
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FIGURE 1. Key messages about the synovial biopsy. The figure sums up the crucial questions (why, when, what, who, where, and how) and the related answers.


Moreover, a synovial biopsy can be complementary to the synovial fluid analysis. Comparative studies concerning the accuracy of the same diagnostic procedures (microbiological cultures, PCR for infective agents, crystals detection) on synovial fluid and synovial biopsy are not abundant but underline the utility of the two analysis, also in consideration of the possibility of false-negative results of both procedures (4–6).

A synovial biopsy is often performed for research purposes for example in RA patients; synovium histological and molecular alterations are considered a target for identifying new biomarkers to help rheumatologists tailor their clinical and therapeutic decision according to patient characteristics (7). Recently, a multicenter randomized control trial highlighted the possibility to integrate molecular pathology into clinical practice to improve treatment allocation of specific targeted therapies (8).

Finally, in the case of refractory synovitis (to local and systemic treatments), arthroscopic synovectomy could be a viable strategy to reduce local and persistent inflammation (9).



WHY CAN SYNOVIAL BIOPSY BE HELPFUL?

In rheumatology clinical practice, thanks to the great feasibility and safety of ultrasound-guided needle biopsy and needle arthroscopy, pathobiology may become a key component in the management and treatment decision-making process (10). For clinical and research purposes, histopathology and modern applications of molecular biology on synovial tissue are focused on the following major areas:

- Classification of early undifferentiated arthritis. Since an early diagnosis and treatment of chronic inflammatory arthritis are linked to better long-term outcomes in terms of prevention of irreversible structural damage, nowadays the number of undifferentiated arthritis defined as inflammatory arthritis not satisfying classification criteria for RA (10, 11) is increasing. For this reason, an unmet need is the identification of biomarkers able to detect the patient who will develop RA or peripheral SpAs and differentiate them from those who will develop self-limiting or degenerative diseases. This would allow the use of the so-called “window of opportunity” for the more aggressive forms and, on the other hand, not to overtreat patients who will not develop chronic inflammatory arthritis. As far as concern the histological analysis, the cellular infiltrate and vascularity are informative. In a study of 95 patients with early (<1 year) unclassified arthritis, massive infiltration by CD38+ plasma cells and CD22+ B cells in the synovial sublining was able to predict the diagnosis of RA in the following 2 years of follow-up solely based on histological data with an accuracy of 85%. A diagnosis other than RA can be predicted in 97% of the cases when minimal infiltration by these cells was found (12). Previous research has identified as a possible distinctive marker to differentiate RA from spondyloarthropathies (SpA) and osteoarthritis (OA), the intensity of B and T cells infiltration (13). Several studies have found different characteristics in synovial vascularity among undifferentiated arthritis forms more prone to turn into RA or SpA. In the synovium of those who will develop SpA, blood vessels were increased in the sublining layer and more tortuous compared to the synovium of those who will develop RA (13–15). These findings are complementary to transcriptomic analysis. For example, r synovial markers suggested as specific for RA are the presence of intracellular citrullinated proteins and the differential expression of alpha-V integrin (13, 16). Moreover, angiogenic factors such as VEGF and Ang2 (mRNA and protein) were significantly more expressed in the synovial membrane of PsA than RA (17). Yeremenko et al. used pan-genomic microarrays of synovial samples and were able to recognize a myogene expression signature in SpA synovitis distinct from RA (18). Using a set of 100 transcripts on synovial tissue, based on their ability to discriminate RA from other inflammatory arthritic forms, Lauwerys et al. concluded that a diagnosis of RA can be predicted only by combining histological and clinical data (19). The study by Baeten et al. supports the validity of a multivariable prediction model by conjugating histological data (microscopic vascularity, lining layer thickness, assessment of synovial crystal deposition, staining for MHC-human cartilage gp39) with clinical and laboratory data to predict the evolution from undifferentiated arthritis into RA (20).

In particular, in the early disease stage, the presence of specific synovial histopathotypes defines distinct RA subtypes linked to diverse clinical phenotypes, disease activity/severity, and treatment response (21). These findings are further strengthened by the recent identification of different macrophage and fibroblast subsets in RA synovial tissue that are linked with different disease course and treatment responses (22).

- Disease severity stratification of patients with RA. To date, the available risk stratification in RA patients is mainly represented by the presence of RF and ACPA autoantibodies together with CRP, the number of swollen joints at diagnosis, and the presence of erosive disease. Although valid, it certainly does not allow us to explain the great heterogeneity of the disease, prognosis, and response to treatments. Previous works have focused on RA prognosis in terms of disease severity/erosiveness. In a longitudinal study, the number of synovial lining layer macrophages at baseline correlates with the 1-year development of bone erosions in the hands and feet in patients with early (<18 months) inflammatory arthritis (mostly RA) (23). This finding was also confirmed in patients with established RA (24, 25). Furthermore, higher levels of MMP2 in synovial tissue samples from patients with early synovitis were correlated with the development of joint erosions (26). Previous studies have associated the presence of synovial lymphoid aggregates with the development of bone erosions (27), but subsequent studies on a larger number of patients did not confirm this result.

- Identification of predictors of treatment response and outcome. Thanks to advances in molecular biology on synovial tissue, more recent studies have focused their attention on potential predictive synovial biomarkers of response to therapy. To date, unfortunately, we do not have tools to identify patients who are likely to benefit from a specific therapy. Dennis et al. identified four histological pathotypes confirmed by molecular analysis of gene-expression profile on synovial tissue in patients with RA: lymphoid phenotype characterized by enrichment of genes related to B cells and plasmablasts, and T lymphocyte activation and differentiation and antigen presentation; myeloid phenotype characterized by M1 monocyte signature with abundance of NFKB-dependent cytokines such as TNF-alpha and IL1-beta; low-inflammatory phenotype; and fibroid phenotype characterized by genes related to fibroblast and osteoclast/osteoblast regulation, and angiogenesis. In this study, the myeloid phenotype (associated with the circulating marker ICAM1) was more represented in the group of anti-TNF responder patients compared to the lymphoid pathotype (associated with the circulating marker CXCL13), which was more represented in IL6 inhibitor responders (28). In 2019, Humby et al. carried out histopathology and molecular analysis of synovial biopsies in a treatment-naive early RA patient cohort and demonstrated that the “myeloid” synovial pathological groups were most strongly correlated with a greater response to DMARD treatment as opposed to the “pauci-immune/fibroid” group, less responsive to treatment (29). In another treatment-naive early RA patient cohort, a baseline synovial “lymphoid-myeloid pathotype” was significantly associated with the requirement of bDMARD in the subsequent 12 months of follow-up (21). In a recently published study, the “pauci-immune phenotype” achieved a lower clinical response to certolizumab pegol in comparison with lymphoid-myeloid and diffuse-myeloid pathotypes (30). The results of Humby et al. showed that when anti-TNF inadequate responder patients with RA were classified as B cell-poor and B cell-rich by RNA sequencing on synovial biopsies, different responses to successive treatments were observed. While in patients defined as B cell-rich the efficacy of rituximab overlapped with tocilizumab, in the B cell-poor group tocilizumab was more efficacious than rituximab (8). However, studies did not always lead to univocal conclusions: it remains unclear if the response to treatment in RA is dictated by the presence of a marker of response to a specific agent or rather by the presence of a marker of disease severity, including disease duration and the number of previous DMARDs, and consequently a poor probability of response. In this regard, GADD45B expression (macrophage marker of disease severity) in synovial tissue in an early RA patient cohort was significantly higher in non-responders to methotrexate (MTX) or any first-line therapy (31).

- Definition of disease remission. Finally, a synovial biopsy could represent an additional tool to define “real remission” in patients with RA or PsA. Despite apparent clinical remission, about 60% of patients have evidence of a residual power Doppler ultrasound (PDUS) positive synovitis at ultrasound evaluation (32– 34). This could explain the joint damage progression in these patients. For this reason, the concept of multidimensional remission has recently been introduced. It includes clinical parameters, PDUS or MRI, and normalization of synovium infiltrates. In particular, synovial mast cell density was independently associated with the clinical flare (35). Alivernini et al. showed that synovial histological features were comparable in patients with RA and PsA in clinical remission or low disease activity, despite being PDUS-negative. Residual synovitis persisted in PsA in clinical remission PDUS-negative patients (in terms of CD68+, CD3+, and CD31+). In this last scenario, treatment reduction or discontinuation would not appear safe in consideration of possible disease relapses (36). The analysis of possible prognostic biomarkers of disease relapse in patients with RA and PSA in remission is needed.

- Development of new targeted therapies. Few studies focused on a possible synovial marker reflecting an early therapeutic effect in the target tissue after a short duration of therapy in RA. By studying serial biopsies (at least two for each patient), a significant result was achieved considering the reduction in the number of sublining CD68+ macrophages as a marker of the effectiveness of treatment independent of the primary mechanism of action (37, 38). This synovial marker could therefore allow an early-stage screening of new therapeutics development on a smaller number of subjects and accelerated decisions in phase I–II clinical trials. In this context, the use of standardized and validated techniques to detect and quantify CD68 macrophages and to obtain reliable results remains critical. Finally, thanks to investigation on synovial tissue biomarkers new targeted therapies have been identified as recently described in detail. These results have the role of improving a more innovative stratified trial design that improves the treatment decision-making (39).



WHO SHOULD UNDERGO A SYNOVIAL BIOPSY?

Patients requiring synovial biopsy represent a selected group in whom specific insights for the differential diagnosis workup of the joint disorder are needed to differentiate the numerous and various entities of atypical and rare mono- or poly-articular joint diseases, or those agreeable to biopsy for research purposes (Table 1). Synovium analysis is crucial in the diagnosis of monoarthritis and undifferentiated polyarthritis when synovial fluid cannot be aspirated. Moreover, when synovial tumors, histiocytic or granulomatous disorders, deposition diseases, or infections are suspected, synovial biopsy is often required. What can be seen in the biopsy specimen is directly dependent upon the sample processing and analysis performed, hence on the clinical suspicion selecting who is the patient deserving the procedure. Intending to address the dialogue between the clinician and the pathologist, below listed are few specific clinical findings peculiar to rare diseases with the corresponding histological pattern (Tables 2, 3).


Table 1. Differential diagnosis: WHO deserves synovial biopsy?
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Table 2. Main infectious etiologies for refractory monoarthritis: What do you find?
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Table 3. Main non-infectious etiologies for refractory mono- or poly-arthritis: WHAT do you find?
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Finally, in some cases, arthroscopy might have also therapeutic purposes; for example, during the surgical procedure, a joint lavage might be useful to treat septic arthritis to remove crystal deposits and sometimes to benefit patients with active RA/PsA (51).



WHAT INFORMATION CAN YOU GET FROM THE SYNOVIAL BIOPSY?

In the context of refractory monoarticular arthritis, among the infectious etiologies (Table 2), typical bacterial agents are more easily suspected, and in the event of unsuccessful isolation of the microorganism, broad-spectrum antibiotics are available. On the other hand, atypical microorganisms deserve special attention due to their less evocative clinical presentation, belated diagnosis, and the need for specific treatments based on the identification of the agent.

To start with, mycobacterium tuberculosis is a typical example of indolent and sometimes destructive arthritis (seldom of a prosthetic joint), where synovial biopsy and culture are required for the diagnosis and for selecting the right treatment regimen given the spread existence of multidrug-resistance bacteria. A detailed history should consider the following: previous TB exposure, living/traveling in endemic areas, concomitant HIV infection, previous trauma causing direct tissue inoculation, and concomitant TNF inhibitor therapy. These forms of arthritis follow a chronic course preferentially involving large joints (hip, knee) and rarely associate with constitutional symptoms or pulmonary findings (41, 52). Fungal arthritis caused by a hematogenous or contiguous spread in the setting of candidiasis, coccidiosis, blastomycosis, scedosporiosis, cryptococcosis, and sporotrichosis are not easily recognized. The patient is usually immunocompromised or of extremes ages, with a background of farm working, traveling in endemic zones, previous surgery, and comorbidities such as diabetes, alcoholism, or intravenous drug abuse. Arthritis again often involves the knee, ankle, elbow, or wrist, and clinical hints are the evidence of coexisting osteomyelitis and extra-articular manifestations of pulmonary and cutaneous relevance. In the case of sporotrichosis, tenosynovitis and bursitis may be present (53).

Parasites (giardiasis, cryptosporidiosis) are usually mentioned as causative agents of rheumatologic disorders mainly due to immune-mediated mechanisms like reactive arthritis. However, sometimes symptoms are directly related to their infiltration of musculoskeletal structures such as in dracunculiasis, strongyloidiasis (54), filariasis (55), and bilharziasis (56) with a predilection for the ankle and knee. Red flags are endemic areas for parasitosis, poor hygiene conditions, hyper-eosinophilia, immunodeficiencies, and concomitant gastrointestinal or pulmonary involvement. It is important to bear in mind the hurdle of isolating and culture parasites, which require a rare medium, such as Harada-Mori moisture for strongyloidiasis or monkey kidney–mosquito cell lines for filariasis (57).

Whipple disease is another challenge that deserves to be mentioned. In 75% of cases, gastroenteric symptoms are preceded by a seronegative oligo- or polyarthritis with a relapsing course (58), and when the diagnosis remains unclear, biopsy specimen clarify the suspicion showing PAS-positive macrophages beneath the synovial lining cells (59).

Arthritis represents one of the well-known late-stage complications of Lyme disease, especially in the United States. After having investigated prior tick exposure, hazard occupation or hobbies (forestry workers, hunters, and hikers), or previous cutaneous manifestation, the clinician will combine serology and PCR-based testing for B. burgdorferi DNA in the synovial fluid to confirm the diagnosis (60). However, some patients, even after being treated, will develop postinfectious antibiotic-refractory arthritis, where synovial biopsy, which usually shows synovial cell hypertrophy, mononuclear infiltration, vascular proliferation, and sometimes obliterative microvascular lesions, could have a role in the understanding of the chronicity of the process which resembles inflammatory arthritis (61).

Keeping in mind the plethora of the aforementioned microorganisms and their relative hints, once the clinical suspicion arises, the dialogue opens up with the infectiologists, microbiologists, and pathologists to manage properly the analysis of the synovial tissue with their respective culture medium and expected histologic findings (Table 2).

Amidst deposition diseases, there are few which may manifest as monoarthritis, occasionally resembling aggressive osteoarthritis. Ochronosis is an autosomal recessive disorder where the homogentisic acid oxidation products are in excess and therefore deposit in the connective tissue, making it stiffened and brittle, ultimately leading to ochronotic arthropathy. Suspicion should arise if a patient in its fourth decade of life starts having back pain and subsequently knee pain (or hip, shoulder) with radiological findings showing knee osteoarthritis and wafer-like disc calcification with a reduction of intervertebral spaces in the spine. The clinical examination may reveal deposits of bluish or brownish pigment in the ear cartilage and sclerae (62).

Hemochromatosis arthropathy, where iron in excess deposits in the synovial tissue, may virtually involve any joint. The most reported symptoms resemble osteoarthritis and less often recurrent synovitis. Clinical clues comprise the involvement of the second and third metacarpophalangeal joints with their corresponding radiographic findings (hook-like osteophytes), chondrocalcinosis, abnormal liver enzymes, and hyperferritinemia (63).

In the context of monoarthritis, histology remains the gold standard to characterize the nature of proliferative lesions (Table 1). However, most of the time imaging is sufficient to show abnormalities that raise the suspicion and frequently differentiate a local proliferative lesion (50). The topic will be not covered by this review due to its only partial rheumatologic relevance.

After evaluating challenging disease, it is worth mentioning crystal arthropathies, which are supposedly a straight diagnosis. When clinical, instrumental, and synovial fluid analyses are not conclusive, and some uncertainty remains, it must be kept in mind that to indentify crystals under polarizing microscopy, the synovial tissue needs to be processed with absolute alcohol, which is not usually done in the routine analysis, because other fixatives dissolve monosodium urate crystals (45).

Synovial biopsy may be also useful in rheumatic polyarticular disorders (64–68). Osteoarticular manifestations of amyloidosis depend upon the mispleated protein (46). Amyloid light chain (AL) amyloidosis usually presents with an RA-like pattern half of the time associated with cutaneous nodules periarticular or on the extensor surfaces. Bilateral carpal tunnel syndrome is also a frequent finding. Male predominance, the pseudotumoral aspect of the swollen joints, poor response to steroids, radiological evidence of well-circumscribed lytic lesions together with monoclonal gammopathy, macroglossia, hepatomegaly, and peripheral neuropathy should raise the index of suspicion toward amyloidosis. Transthyretin amyloidosis, whether hereditary or senile, mainly manifests as carpal tunnel syndrome due to peripheral neuropathy often starting with sensitive and autonomic symptoms. Other red flags are concomitant arrhythmias and heart failure symptoms.

Likewise, multicentric reticulohistiocytosis mimics RA, progressing up to a mutilans phenotype. It mainly affects women of Caucasian origin in their fourth decade. While laboratory findings are hardly helpful or specific, except by excluding other etiologies, few clinical hints are the involvement of the distal interphalangeal joints, the appearance of papulonodular skin lesions especially affecting the face and hands, and in 25% of cases the association with neoplasia (69).

Finally yet importantly, among the infectious agents, leprosy is one of the diseases where biopsy remains of key importance to demonstrate the presence of the bacilli in the joint. Arthritis in leprosy may be polymorphic, including acute or chronic polyarthritis, septic arthritis, and Charcot's arthropathy. Clinical clues comprise skin lesions and symptoms suggestive of motor-sensory neuropathy in the context of an endemic area (70).

Sarcoidosis is well-known for being polymorphic, with myriads of different musculoskeletal manifestation: acute arthritis (Lofgren syndrome with symmetric hilar adenopathy and erythema nodosum), chronic symmetric, medium to large joint oligoarthritis (especially manifesting with tenosynovitis and skin involvement), up to Jaccoud arthropathy and dactylitis. During the diagnostic management, X-rays could show bone involvement, equally various with different patterns of bone lesions (“moth-eaten,” lytic, and sclerotic lesions). The diagnosis is always challenging, and synovia is one of the precious target tissues that can contribute to it (71).



WHERE SHOULD SYNOVIAL BIOPSY BE PERFORMED?

Synovial biopsy is an invasive procedure; thus, the results expected have to be relevant and informative. All joints are not the same and vary greatly in their vulnerability to different rheumatic diseases. Thus, the choice of the joint to biopsy is crucial and should be guided based on the rheumatologist's purposes.

For example, synovial tissue analysis might be instrumental for the differential diagnosis between rheumatic and non-rheumatic conditions (see paragraph above) of mono-arthritis. In this context, the affected joint should be chosen.

By contrast, in patients with RA, the choice of the joint where synovial biopsy is performed might be based on the published literature (72).

Concerning the inter-joint heterogeneity, in the same patient, it has been demonstrated that synovial samples, taken at the same time, from an active joint are generally representative of other inflamed joints (72, 73). In particular, they provide evidence that cell infiltration of the synovial sublining (i.e., macrophages, T cells, B cells, plasma cells, and IL-6 expression) is similar in large and small joints (74).

In the same patient with RA, a comparison between synovial biopsies in clinically involved and non-involved knee showed that a considerable degree of histological changes, mainly hyperplasia of the synovial lining layer, was present in the uninvolved joint, although changes were less severe than those observed in active joints (72, 73).

Of note, intra-joint variability has also been documented as inflammatory mediators might be differently expressed in different locations of the same joint. In particular, tissue samples from sites close to the cartilage-pannus junction showed a higher level of inflammatory biomarkers that might be underestimated by analyzing specimens from other joint sites (75–77). Although the numbers of T and plasma cells are reported to be similar in biopsy samples (78), one study did find a difference for macrophages (73), but other studies did not confirm this finding (78).

Thus, it is still a matter of debate on the best location from which to obtain synovial tissue samples within a given joint. Recently, an international expert consensus stated that a minimum of four synovial tissue specimens from small joints and six from large joints have to be retrieved for reproducible research studies (79–81), while a previous study showed that using US-guided biopsy of hand joints 12 different samples are recommended to have a valid immunohistochemical assessment (82). During the disease course, the immunohistological features vary when consecutive synovial biopsies from the same joint are analyzed. In the 80s, it has been shown that synovial biopsy of the affected knee in RA patients changes in terms of T and B cells infiltrates according to disease activity when pre- and post-treatment were assessed (39, 51). For this reason, synovial biopsy has also been proposed as a biomarker to evaluate drug response (19, 21, 52).



HOW TO PERFORM A SYNOVIAL BIOPSY

Synovial tissue samples can be retrieved by using different techniques (Table 4) (1). Tissue samples are commonly collected using blind-needle, ultrasound-guided, or arthroscopic-assisted biopsy procedures, but in specific cases, larger synovial samples can also be obtained during an open surgical procedure. In particular, ultrasound-guided needle biopsy (from small and large joints), ultrasound-guided portal and forceps procedures, and arthroscopy are equally successful in sampling synovial tissue and they yield sufficient tissue quantity for transcriptomic studies (83). Moreover, these techniques do not differ in safety or patient tolerability (84). Needle techniques are less invasive for the patients and permit obtaining good-quality synovial tissue in most cases.


Table 4. Characteristics of the different techniques used for obtaining a synovial sampling from different joints.
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Blind-Needle Biopsy

Blind-needle methods were described in 1950 by Polley et al. with the use of 5-mm-large needles, resulting in a practical but invasive procedure for the modern standards considering that the needle size is similar to the new arthroscopy instrument size. In the years, new and thinner needles have been introduced in the market, simplifying the histologic investigation of articular rheumatic diseases and allowing to perform these procedures without significant pain for the patients, reducing the risk of post-procedural complications (85). Parker and Pearson were the first clinicians to propose a new technique using a composite of two standard items, a 14-gauge thin-walled needle with matching stylet and a 15-gauge aspirating needle with a hook-like beveled tooth that can catch the tissue (40). This instrumentation has been improved in the years to make it more effective, and many semiautomatic guillotine biopsy needles are available on the market to perform a needle biopsy. After disinfection, the skin, subcutaneous tissue, and joint capsule are anesthetized. Anatomical references for the specific joint can be identified with a marking pen to recognize the entry point correctly. Injection of 10–20 cc of isotonic saline into the joint can help the clinicians obtain some material if there is no clinical evidence of effusion. In standard technique, the larger needle is inserted into the joint without a skin incision, and the smaller needle is slipped snugly through it. The needle tip is then entered into the synovial tissue, and its specific hook-design allows to obtain selected tissue when it is withdrawn from the larger needle. Multiple tissue samples can be obtained by changing the direction of the needle (42). This painless procedure gained significant popularity and is considered the basis of modern synovial biopsy techniques due to its numerous advantages like minimal trauma for joint tissues, the possibility of obtaining several samples in one procedure, or performing serial synovial biopsies from the same joint at different times in an outpatient setting. This technique can be performed quickly and with good results in larger joints as the knee; smaller needles can also obtain samples in smaller joints such as the wrist and the ankle. By contrast, the operator cannot have real-time control of the biopsy site. It has been shown that the blind-needle method is less reliable than ultrasound-guided procedures for sampling synovial tissue from the small and large joints (83).



Ultrasound-Guided Needle Biopsy

Using a blind-needle biopsy technique, the clinicians achieve the procedure without a direct or indirect view, and it is not always possible to have an adequate tissue sample, especially in joints lacking a significant effusion. Some authors described a technique of synovial biopsy under fluoroscopy visualization with a semiautomatic needle. This technique allows the performance of multisite biopsies such as in the hips, shoulders, elbows, ankles, and wrists but requires a complex setting, exposing the patients to x-ray irradiation. Performing harvesting with the aid of ultrasounds could combine the low morbidity of a needle biopsy and the instrumental support's accuracy without ionizing radiation exposure. In recent years, many authors have described good results of ultrasound-guided needle biopsy (43, 44). The skin disinfection and the local anesthesia can be achieved as described in the blind-needle technique; the transducer has to be covered with sterile gel and sterile sheath. The procedure is similar to the already described technique, with all the passages performed under ultrasound control. Authors that published results of this technique described a high success rate of the procedure, with only rare and minor complications (44). Ultrasound-guided needle biopsy and arthroscopic methods are equally successful when sampling synovial tissue from large joints (83).



Arthroscopic-Guided Synovial Biopsy

Arthroscopic-assisted synovial biopsy is a surgical technique in which the tissue is harvested under the direct view of the suspected pathological area's region, dramatically reducing the risk of mistakes. The technique is a standard joint arthroscopy, with a second portal required to harvest the material of interest using specific instrumentation. This approach's advantages are obtaining more significant macroscopic evaluation pieces, with better sampling from interest areas. Also, arthroscopic synovial biopsy techniques allow biopsies from sites adjacent to the cartilage (47). This area differs quantitatively and qualitatively from the synovium, and collecting tissue with a standard needle technique can be challenging and, in some cases, impracticable. The arthroscopic-assisted technique limits are related to the fact that it is a proper surgical procedure: the need for at least two skin incisions, a longer “learning curve,” and the requirement of a sterile area and operation theater facilities. These procedures are performed in many hospitals by trained orthopedic surgeons, requiring teamwork among different specialists.



Needle Arthroscopy

A new impressive field of research is needle arthroscopy, where clinicians can use in local anesthesia small modern devices, which permits an exploration of the joint in an outpatient setting and obtain tissue samples under direct view. This well-tolerated procedure allows good macroscopic evaluation of synovial inflammation and selective sampling of the synovial membrane (76).

Finally, surgeons can obtain samples of synovial tissue during an open surgical procedure as a total joint replacement. This technique permits obtaining a relevant quantity of tissue and can help obtain synovial tissue useful for clinical and histological studies in rheumatic patients.




CONCLUSION

Within the past decades, several considerable advances have been made in synovial tissue research. Synovial tissue represents the target tissue of many rheumatic and non-rheumatic diseases, and its analysis is crucial in the assessment of many infective, malignancy, and infiltrative disorders. Retrieving synovial tissue samples of good quality using affordable and safe methods from large and small joints is now a realistic desirable objective. Thus, clinical practice pathobiology might be a key component in the management and treatment decision-making process, even in rheumatology.



AUTHOR CONTRIBUTIONS

FI, LC, IS, and RCo writing manuscript. RCa and PR revising manuscript. All authors contributed to the article and approved the submitted version.



FUNDING

This work was supported in part by the Italian Ministry of Health (Grant RF-2018-12365439).



REFERENCES

 1. Humby FC. Synovial tissue sampling in rheumatological practice-past developments and future perspectives. Front Med. (2019) 6:4. doi: 10.3389/fmed.2019.00004

 2. Smith MD. The normal synovium. Open Rheumatol J. (2011) 5:100–6. doi: 10.2174/1874312901105010100

 3. Wechalekar MD, Najm A, Veale DJ, Strand V. The 2018 OMERACT synovial tissue biopsy special interest group report on standardization of synovial biopsy analysis. J Rheumatol. (2019) 46:1365–8. doi: 10.3899/jrheum.181062

 4. Coiffier G, Ferreyra M, Albert JD, Stock N, Jolivet-Gougeon A, Perdriger A, et al. Ultrasound-guided synovial biopsy improves diagnosis of septic arthritis in acute arthritis without enough analyzable synovial fluid: a retrospective analysis of 176 arthritis from a French rheumatology department. Clin Rheumatol. (2018) 37:2241–9. doi: 10.1007/s10067-018-4160-9

 5. Williams JL, Norman P, Stockley I. The value of hip aspiration versus tissue biopsy in diagnosing infection before exchange hip arthroplasty surgery. J Arthroplasty. (2004) 19:582–6. doi: 10.1016/j.arth.2003.11.011

 6. Graf SW, Buchbinder R, Zochling J, Whittle SL. The accuracy of methods for urate crystal detection in synovial fluid and the effect of sample handling: a systematic review. Clin Rheumatol. (2013) 32:225–32. doi: 10.1007/s10067-012-2107-0

 7. Triaille C, Lauwerys BR. Synovial tissue: turning the page to precision medicine in arthritis. Front Med. (2019) 6:46. doi: 10.3389/fmed.2019.00046

 8. Humby F, Durez P, Buch MH, Lewis MJ, Rizvi H, Rivellese F, et al. Rituximab versus tocilizumab in anti-TNF inadequate responder patients with rheumatoid arthritis (R4RA): 16-week outcomes of a stratified, biopsy-driven, multicentre, open-label, phase 4 randomised controlled trial. Lancet. (2021) 397:305–17. doi: 10.1016/S0140-6736(20)32341-2

 9. Carl HD, Klug S, Seitz J, Swoboda B, Kinne RW. Site-specific intraoperative efficacy of arthroscopic knee joint synovectomy in rheumatoid arthritis. Arthroscopy. (2005) 21:1209–18. doi: 10.1016/j.arthro.2005.06.014

 10. Cuervo A, Celis R, Julia A, Usategui A, Fare R, Ramirez J, et al. Synovial immunohistological biomarkers of the classification of undifferentiated arthritis evolving to rheumatoid or psoriatic arthritis. Front Med. (2021) 8:656667. doi: 10.3389/fmed.2021.656667

 11. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO III, et al. 2010 Rheumatoid arthritis classification criteria: an American College of Rheumatology/European League Against Rheumatism collaborative initiative. Arthritis Rheum. (2010) 62:2569–81. doi: 10.1002/art.27584

 12. Kraan MC, Haringman JJ, Post WJ, Versendaal J, Breedveld FC, Tak PP. Immunohistological analysis of synovial tissue for differential diagnosis in early arthritis. Rheumatology. (1999) 38:1074–80. doi: 10.1093/rheumatology/38.11.1074

 13. Baeten D, Demetter P, Cuvelier C, Van Den Bosch F, Kruithof E, Van Damme N, et al. Comparative study of the synovial histology in rheumatoid arthritis, spondyloarthropathy, and osteoarthritis: influence of disease duration and activity. Ann Rheum Dis. (2000) 59:945–53. doi: 10.1136/ard.59.12.945

 14. Espinoza LR, Vasey FB, Espinoza CG, Bocanegra TS, Germain BF. Vascular changes in psoriatic synovium. a light and electron microscopic study. Arthritis Rheum. (1982) 25:677–84. doi: 10.1002/art.1780250611

 15. Kruithof E, Baeten D, De Rycke L, Vandooren B, Foell D, Roth J, et al. Synovial histopathology of psoriatic arthritis, both oligo- and polyarticular, resembles spondyloarthropathy more than it does rheumatoid arthritis. Arthritis Res Therap. (2005) 7:R569–80. doi: 10.1186/ar1698

 16. Baeten D, Peene I, Union A, Meheus L, Sebbag M, Serre G, et al. Specific presence of intracellular citrullinated proteins in rheumatoid arthritis synovium: relevance to antifilaggrin autoantibodies. Arthritis Rheum. (2001) 44:2255–62. doi: 10.1002/1529-0131(200110)44:10<2255::AID-ART388>3.0.CO;2-#

 17. Fearon U, Griosios K, Fraser A, Reece R, Emery P, Jones PF, et al. Angiopoietins, growth factors, and vascular morphology in early arthritis. J. Rheumatol. (2003) 30:260–8.

 18. Yeremenko N, Noordenbos T, Cantaert T, van Tok M, van de Sande M, Canete JD, et al. Disease-specific and inflammation-independent stromal alterations in spondylarthritis synovitis. Arthritis Rheum. (2013) 65:174–85. doi: 10.1002/art.37704

 19. Lauwerys BR, Hernandez-Lobato D, Gramme P, Ducreux J, Dessy A, Focant I, et al. Heterogeneity of synovial molecular patterns in patients with arthritis. PLoS ONE. (2015) 10:e0122104. doi: 10.1371/journal.pone.0122104

 20. Baeten D, Kruithof E, De Rycke L, Vandooren B, Wyns B, Boullart L, et al. Diagnostic classification of spondylarthropathy and rheumatoid arthritis by synovial histopathology: a prospective study in 154 consecutive patients. Arthritis Rheum. (2004) 50:2931–41. doi: 10.1002/art.20476

 21. Lliso-Ribera G, Humby F, Lewis M, Nerviani A, Mauro D, Rivellese F, et al. Synovial tissue signatures enhance clinical classification and prognostic/treatment response algorithms in early inflammatory arthritis and predict requirement for subsequent biological therapy: results from the pathobiology of early arthritis cohort (PEAC). Ann Rheum Dis. (2019) 78:1642–52. doi: 10.1136/annrheumdis-2019-215751

 22. Boutet MA, Courties G, Nerviani A, Le Goff B, Apparailly F, Pitzalis C, et al. Novel insights into macrophage diversity in rheumatoid arthritis synovium. Autoimmunity Rev. (2021) 20:102758. doi: 10.1016/j.autrev.2021.102758

 23. Cunnane G, Fitzgerald O, Beeton C, Cawston TE, Bresnihan B. Early joint erosions and serum levels of matrix metalloproteinase 1, matrix metalloproteinase 3, and tissue inhibitor of metalloproteinases 1 in rheumatoid arthritis. Arthritis Rheum. (2001) 44:2263–74. doi: 10.1002/1529-0131(200110)44:10<2263::aid-art389>3.0.co;2-1

 24. Mulherin D, Fitzgerald O, Bresnihan B. Synovial tissue macrophage populations and articular damage in rheumatoid arthritis. Arthritis Rheum. (1996) 39:115–24. doi: 10.1002/art.1780390116

 25. Yanni G, Whelan A, Feighery C, Bresnihan B. Synovial tissue macrophages and joint erosion in rheumatoid arthritis. Ann Rheum Dis. (1994) 53:39–44. doi: 10.1136/ard.53.1.39

 26. Goldbach-Mansky R, Lee JM, Hoxworth JM, Smith D II, Duray P, Schumacher RH, et al. Active synovial matrix metalloproteinase-2 is associated with radiographic erosions in patients with early synovitis. Arthritis Res. (2000) 2:145–53. doi: 10.1186/ar79

 27. Klimiuk PA, Sierakowski S, Latosiewicz R, Skowronski J, Cylwik JP, Cylwik B, et al. Histological patterns of synovitis and serum chemokines in patients with rheumatoid arthritis. J Rheumatol. (2005) 32:1666–72.

 28. Dennis G Jr, Holweg CT, Kummerfeld SK, Choy DF, Setiadi AF, Hackney JA, et al. Synovial phenotypes in rheumatoid arthritis correlate with response to biologic therapeutics. Arthritis Res Therap. (2014) 16:R90. doi: 10.1186/ar4555

 29. Humby F, Lewis M, Ramamoorthi N, Hackney JA, Barnes MR, Bombardieri M, et al. Synovial cellular and molecular signatures stratify clinical response to csDMARD therapy and predict radiographic progression in early rheumatoid arthritis patients. Ann Rheum Dis. (2019) 78:761–72. doi: 10.1136/annrheumdis-2018-214539

 30. Nerviani A, Di Cicco M, Mahto A, Lliso-Ribera G, Rivellese F, Thorborn G, et al. A pauci-immune synovial pathotype predicts inadequate response to tnfalpha-blockade in rheumatoid arthritis patients. Front Immunol. (2020) 11:845. doi: 10.3389/fimmu.2020.00845

 31. De Groof A, Ducreux J, Humby F, Nzeusseu Toukap A, Badot V, Pitzalis C, et al. Higher expression of TNFalpha-induced genes in the synovium of patients with early rheumatoid arthritis correlates with disease activity, and predicts absence of response to first line therapy. Arthritis Res Therap. (2016) 18:19. doi: 10.1186/s13075-016-0919-z

 32. Saleem B, Brown AK, Keen H, Nizam S, Freeston J, Wakefield R, et al. Should imaging be a component of rheumatoid arthritis remission criteria? A comparison between traditional and modified composite remission scores and imaging assessments. Ann Rheum Dis. (2011) 70:792–8. doi: 10.1136/ard.2010.134445

 33. Brown AK, Quinn MA, Karim Z, Conaghan PG, Peterfy CG, Hensor E, et al. Presence of significant synovitis in rheumatoid arthritis patients with disease-modifying antirheumatic drug-induced clinical remission: evidence from an imaging study may explain structural progression. Arthritis Rheum. (2006) 54:3761–73. doi: 10.1002/art.22190

 34. Ramirez J, Ruiz-Esquide V, Pomes I, Celis R, Cuervo A, Hernandez MV, et al. Patients with rheumatoid arthritis in clinical remission and ultrasound-defined active synovitis exhibit higher disease activity and increased serum levels of angiogenic biomarkers. Arthritis Res Therap. (2014) 16:R5. doi: 10.1186/ar4431

 35. Ramirez J, Cuervo A, Celis R, Ruiz-Esquide V, Castellanos-Moreira R, Narvaez JA, et al. Biomarkers for treatment change and radiographic progression in patients with rheumatoid arthritis in remission: a 5 year follow-up study. Rheumatology. (2021) 60:667–74. doi: 10.1093/rheumatology/keaa258

 36. Alivernini S, Tolusso B, Petricca L, Bui L, Di Sante G, Peluso G, et al. Synovial features of patients with rheumatoid arthritis and psoriatic arthritis in clinical and ultrasound remission differ under anti-TNF therapy: a clue to interpret different chances of relapse after clinical remission? Ann Rheum Dis. (2017) 76:1228–36. doi: 10.1136/annrheumdis-2016-210424

 37. Haringman JJ, Gerlag DM, Zwinderman AH, Smeets TJ, Kraan MC, Baeten D, et al. Synovial tissue macrophages: a sensitive biomarker for response to treatment in patients with rheumatoid arthritis. Ann Rheum Dis. (2005) 64:834–8. doi: 10.1136/ard.2004.029751

 38. Wijbrandts CA, Vergunst CE, Haringman JJ, Gerlag DM, Smeets TJ, Tak PP. Absence of changes in the number of synovial sublining macrophages after ineffective treatment for rheumatoid arthritis: implications for use of synovial sublining macrophages as a biomarker. Arthritis Rheum. (2007) 56:3869–71. doi: 10.1002/art.22964

 39. Ouboussad L, Burska AN, Melville A, Buch MH. Synovial tissue heterogeneity in rheumatoid arthritis and changes with biologic and targeted synthetic therapies to inform stratified therapy. Front Med. (2019) 6:45. doi: 10.3389/fmed.2019.00045

 40. Parker RH, Pearson CM. A simplified synovial biopsy needle. Arthritis Rheum. (1963) 6:172–6. doi: 10.1002/art.1780060209

 41. Johansen IS, Nielsen SL, Hove M, Kehrer M, Shakar S, Woyen AV. Characteristics and clinical outcome of bone and joint tuberculosis from 1994 to 2011: a retrospective register-based study in Denmark. Clin Infect Dis. (2015) 61:554–62. doi: 10.1093/cid/civ326

 42. Gerlag DM, Tak PP. How to perform and analyse synovial biopsies. Best Pract Res Clin Rheumatol. (2013) 27:195–207. doi: 10.1016/j.berh.2013.03.006

 43. Sitt JC, Griffith JF, Wong P. Ultrasound-guided synovial biopsy. Br J Radiol. (2016) 89:20150363. doi: 10.1259/bjr.20150363

 44. Najm A, Orr C, Heymann MF, Bart G, Veale DJ, Le Goff B. Success rate and utility of ultrasound-guided synovial biopsies in clinical practice. J Rheumatol. (2016) 43:2113–9. doi: 10.3899/jrheum.151441

 45. Smits M, van de Groes S, Thurlings RM. Synovial tissue biopsy collection by rheumatologists: ready for clinical implementation? Front Med. (2019) 6:138. doi: 10.3389/fmed.2019.00138

 46. M'Bappe P, Grateau G. Osteo-articular manifestations of amyloidosis. Best Practice Res Clin Rheumatol. (2012) 26:459–75. doi: 10.1016/j.berh.2012.07.003

 47. Wechalekar MD, Smith MD. Utility of arthroscopic guided synovial biopsy in understanding synovial tissue pathology in health and disease states. World J Orthop. (2014) 5:566–73. doi: 10.5312/wjo.v5.i5.566

 48. Drancourt M, Carrieri P, Gevaudan MJ, Raoult D. Blood agar and Mycobacterium tuberculosis: the end of a dogma. J Clin Microbiol. (2003) 41:1710–1. doi: 10.1128/JCM.41.4.1710-1711.2003

 49. Slonczewski JL, Fujisawa M, Dopson M, Krulwich TA. Cytoplasmic pH measurement and homeostasis in bacteria and archaea. Adv Microb Physiol. (2009) 55:317. doi: 10.1016/S0065-2911(09)05501-5

 50. Narvaez JA, Narvaez J, Aguilera C, De Lama E, Portabella F. MR imaging of synovial tumors and tumor-like lesions. Eur Radiol. (2001) 11:2549–60. doi: 10.1007/s003300000759

 51. Wang CC, Lien SB, Huang GS, Pan RY, Shen HC, Kuo CL, et al. Arthroscopic elimination of monosodium urate deposition of the first metatarsophalangeal joint reduces the recurrence of gout. Arthroscopy. (2009) 25:153–8. doi: 10.1016/j.arthro.2008.09.002

 52. Hodgson SP, Ormerod LP. Ten-year experience of bone and joint tuberculosis in Blackburn 1978-1987. J R Coll Surg Edinb. (1990) 35:259–62.

 53. Cuellar ML, Silveira LH, Espinoza LR. Fungal arthritis. Ann Rheum Dis. (1992) 51:690–7. doi: 10.1136/ard.51.5.690

 54. Akoglu T, Tuncer I, Erken E, Gurcay A, Ozer FL, Ozcan K. Parasitic arthritis induced by Strongyloides stercoralis. Ann Rheum Dis. (1984) 43:523–5. doi: 10.1136/ard.43.3.523

 55. Dreyer G, Dreyer P, Piessens WF. Extralymphatic disease due to bancroftian filariasis. Braz J Med Biol Res. (1999) 32:1467–72. doi: 10.1590/S0100-879X1999001200003

 56. Rakotomalala HN, Ranaivoarison MV, Andrianjafison F, Ralandison DS. Bilharzial arthropathy: rare cause of chronic arthritis in tropical areas. Eur J Rheumatol. (2017) 4:229–30. doi: 10.5152/eurjrheum.2017.16084

 57. Ahmed NH. Cultivation of parasites. Trop Parasitol. (2014) 4:80–9. doi: 10.4103/2229-5070.138534

 58. Puechal X. Whipple disease and arthritis. Curr Opin Rheumatol. (2001) 13:74–9. doi: 10.1097/00002281-200101000-00012

 59. O'Duffy JD, Griffing WL, Li CY, Abdelmalek MF, Persing DH. Whipple's arthritis: direct detection of Tropheryma whippelii in synovial fluid and tissue. Arthritis Rheum. (1999) 42:812–7. doi: 10.1002/1529-0131(199904)42:4<812::AID-ANR27>3.0.CO;2-S

 60. Steere AC, Strle F, Wormser GP, Hu LT, Branda JA, Hovius JW, et al. Lyme borreliosis. Nat Rev Dis Primers. (2016) 2:16090. doi: 10.1038/nrdp.2016.90

 61. Ghosh S, Steere AC, Stollar BD, Huber BT. In situ diversification of the antibody repertoire in chronic Lyme arthritis synovium. J Immunol. (2005) 174:2860–9. doi: 10.4049/jimmunol.174.5.2860

 62. Gil JA, Wawrzynski J, Waryasz GR. Orthopedic manifestations of ochronosis: pathophysiology, presentation, diagnosis, and management. Am J Med. (2016) 129:536 e1–6. doi: 10.1016/j.amjmed.2016.01.010

 63. Brissot P, Pietrangelo A, Adams PC, de Graaff B, McLaren CE, Loreal O. Haemochromatosis. Nat Rev Dis Primers. (2018) 4:18016. doi: 10.1038/nrdp.2018.16

 64. Kruithof E, Baeten D, Veys EM, De Keyser F, Suykens S, De Wilde L, et al. Case Number 29: Ochronosis: synovial histopathological characteristics. Ann Rheum Dis. (2004) 63:130. doi: 10.1136/ard.2003.013912

 65. Heiland GR, Aigner E, Dallos T, Sahinbegovic E, Krenn V, Thaler C, et al. Synovial immunopathology in haemochromatosis arthropathy. Ann Rheum Dis. (2010) 69:1214–9. doi: 10.1136/ard.2009.120204

 66. Freemont AJ, Jones CJ, Denton J. The synovium and synovial fluid in multicentric reticulohistiocytosis–a light microscopic, electron microscopic and cytochemical analysis of one case. J Clin Pathol. (1983) 36:860–6. doi: 10.1136/jcp.36.8.860

 67. Palmer DG, Schumacher HR. Synovitis with non-specific histological changes in synovium in chronic sarcoidosis. Ann Rheum Dis. (1984) 43:778–82. doi: 10.1136/ard.43.6.778

 68. Pettersson T. Sarcoid and erythema nodosum arthropathies. Baillieres Best Pract Res Clin Rheumatol. (2000) 14:461–76. doi: 10.1053/berh.2000.0088

 69. Selmi C, Greenspan A, Huntley A, Gershwin ME. Multicentric reticulohistiocytosis: a critical review. Curr Rheumatol Rep. (2015) 17:511. doi: 10.1007/s11926-015-0511-6

 70. Chauhan S, Wakhlu A, Agarwal V. Arthritis in leprosy. Rheumatology. (2010) 49:2237–42. doi: 10.1093/rheumatology/keq264

 71. Bechman K, Christidis D, Walsh S, Birring SS, Galloway J. A review of the musculoskeletal manifestations of sarcoidosis. Rheumatology. (2018) 57:777–83. doi: 10.1093/rheumatology/kex317

 72. Kraan MC, Reece RJ, Smeets TJ, Veale DJ, Emery P, Tak PP. Comparison of synovial tissues from the knee joints and the small joints of rheumatoid arthritis patients: implications for pathogenesis and evaluation of treatment. Arthritis Rheum. (2002) 46:2034–8. doi: 10.1002/art.10556

 73. Soden M, Rooney M, Cullen A, Whelan A, Feighery C, Bresnihan B. Immunohistological features in the synovium obtained from clinically uninvolved knee joints of patients with rheumatoid arthritis. Br J Rheumatol. (1989) 28:287–92. doi: 10.1093/rheumatology/28.4.287

 74. Rooney M, Whelan A, Feighery C, Bresnihan B. Changes in lymphocyte infiltration of the synovial membrane and the clinical course of rheumatoid arthritis. Arthritis Rheum. (1989) 32:361–9. doi: 10.1002/anr.1780320402

 75. Youssef PP, Kraan M, Breedveld F, Bresnihan B, Cassidy N, Cunnane G, et al. Quantitative microscopic analysis of inflammation in rheumatoid arthritis synovial membrane samples selected at arthroscopy compared with samples obtained blindly by needle biopsy. Arthritis Rheum. (1998) 41:663–9. doi: 10.1002/1529-0131(199804)41:4<663::AID-ART13>3.0.CO;2-L

 76. Baeten D, Van den Bosch F, Elewaut D, Stuer A, Veys EM, De Keyser F. Needle arthroscopy of the knee with synovial biopsy sampling: technical experience in 150 patients. Clin Rheumatol. (1999) 18:434–41. doi: 10.1007/s100670050134

 77. Kirkham B, Portek I, Lee CS, Stavros B, Lenarczyk A, Lassere M, et al. Intraarticular variability of synovial membrane histology, immunohistology, and cytokine mRNA expression in patients with rheumatoid arthritis. J Rheumatol. (1999) 26:777–84.

 78. Smeets TJ, Kraan MC, Galjaard S, Youssef PP, Smith MD, Tak PP. Analysis of the cell infiltrate and expression of matrix metalloproteinases and granzyme B in paired synovial biopsy specimens from the cartilage-pannus junction in patients with RA. Ann Rheum Dis. (2001) 60:561–5. doi: 10.1136/ard.60.6.561

 79. Smith MD, Baeten D, Ulfgren AK, McInnes IB, Fitzgerald O, Bresnihan B, et al. Standardisation of synovial tissue infiltrate analysis: how far have we come? How much further do we need to go? Ann Rheum Dis.. (2006) 65:93–100. doi: 10.1136/ard.2005.036905

 80. Gerlag DM, Tak PP. How to perform and analyse synovial biopsies. Best Pract Res Clin Rheumatol. (2009) 23:221–32. doi: 10.1016/j.berh.2009.01.006

 81. Najm A, Le Goff B, Orr C, Thurlings R, Canete JD, Humby F, et al. Standardisation of synovial biopsy analyses in rheumatic diseases: a consensus of the EULAR Synovitis and OMERACT Synovial Tissue Biopsy Groups. Arthritis Res Ther. (2018) 20:265. doi: 10.1186/s13075-018-1795-5

 82. Scire CA, Epis O, Codullo V, Humby F, Morbini P, Manzo A, et al. Immunohistological assessment of the synovial tissue in small joints in rheumatoid arthritis: validation of a minimally invasive ultrasound-guided synovial biopsy procedure. Arthritis Res Ther. (2007) 9:R101. doi: 10.1186/ar2302

 83. Humby F, Romao VC, Manzo A, Filer A, Bugatti S, Vieira-Sousa E, et al. A multicenter retrospective analysis evaluating performance of synovial biopsy techniques in patients with inflammatory arthritis: arthroscopic versus ultrasound-guided versus blind needle biopsy. Arthritis Rheumatol. (2018) 70:702–10. doi: 10.1002/art.40433

 84. Just SA, Humby F, Lindegaard H, Meric de Bellefon L, Durez P, Vieira-Sousa E, et al. Patient-reported outcomes and safety in patients undergoing synovial biopsy: comparison of ultrasound-guided needle biopsy, ultrasound-guided portal and forceps and arthroscopic-guided synovial biopsy techniques in five centres across Europe. RMD Open. (2018) 4:e000799. doi: 10.1136/rmdopen-2018-000799

 85. Polley HF, Bickel WH. Punch biopsy of synovial membrane. Ann Rheum Dis.. (1951) 10:277–87. doi: 10.1136/ard.10.3.277

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Ingegnoli, Coletto, Scotti, Compagnoni, Randelli and Caporali. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-705382-t004.jpg
Technical issues
Synovial sampling success rates
Technically simple

General issues

Acceptabiity

Serial biopsies

Costs

Target joints

Large Joints

Small Joints

Standard arthroscopy

ot

++
4+
e+

4+
++

Needle arthroscopy

++
++

4+
4
e+

+++
+++

Ultrasound needle biopsy

++
++

+++

++

4+
+4+

Blind needle biopsy

+++

+++

+++





OPS/images/fmed-08-705382-t002.jpg
Microorganism Medium Stains

Mycobacterium tuberculosis (40)  Agar-based and egg-based media  Ziehl-Neelsen
incorporating green malachite and
Middlebrook broths or solid media

Histology

Caseating or non-caseating granulomas

Fungi (41) Sabouraud's dextrose agar Gomori methenamine silver, periodic
acid Schiff

Candidiasis: thickened synovial membrane with
non-specific mononuclear infiltration.
Sporotricosis: mixed granulomatous and
pyogenic processes. Rarely, asteroid bodies
consisting of a central basophilic yeast
surrounded by eosinophilic material radiating
outward. Coceidioidosis: vilonodular synovitis
or typical pannus formation with non-caseating
granulomas and sphreules containing
coccidioidal endospores. Criptococcosis: both
acute and chronic synovitis.

Mycobacterium leprae (42) Almost impossible to culture in a Fite-Faraco staining
laboratory; POR techniques for
deteoting DNA exist, but are currently
ot used in clinical practice.

Non-specific granulomatous synovitis,
epithelioid cells
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Disease

Ochronosis (43)

Histology

Paraffin-embedded sections show yellow-brown shards (able to provoke foreign body reactions with histiocytes and giants
cells), scattered over the synovium and brittle pigmented articular cartilage.

Haemosiderin and ochronotic pigment in macrophages, and focal inflammatory infitrate of lymphocytes and plasma cells
with some lining layer hyperplasia and hypervascularity may also be seen.

Hemochromatosis (44)

Low degree of synovial hyperplasia with mild infitration of neutrophils, mononucear cells -comprising macrophages- and
lymphooytes; formation of synovial microvessels; haemosiderin deposition in the synovial lining cells; CPPD crystals may be
seen.

Amyloidosis (45) Diagnosis of amyloidosis requires Congo red staining to show amyloid deposits in the synovium.
The immunohistochemical study allows typing of amyloidosis: antibodiies directed against light chains of immunoglobulins.
(AL-amyoidosis), antibodies against the other major amyloid proteins (A and ATTR).

Multicentric Lipid-laden multinucleated giant cells and histiocytes with ground glass PAS-positive cytoplasm, which contains

reticulohistiocytosis
(48,47

membrane-bound lysosomal granules, with a single large stellate Golgi apparatus.

Sarcoidosis (48, 49)

Histopathological examination of synovium reveals various patters: diffuse infilration with histiocytes and lymphocytes,
mild fining cell prolferation, seldom vascular congestion. A granulomatous reaction s often absent.

Crystal arthropathies (50)

Gout and pseudogout: deposits of monosodium urate crystals or calcium pyrophosphate dihydrate crystals in the synovium
after fixation with absolute alcohol and analysis with a polarization microscope, which shows to evaluate birefringence
properties (negative MSU, positive CPPD), or DeGolanthal staining method.

Basic calcium phosphate induced arthritis: crystals can be seen using alizarin red staining or transmission or scanning
electron microscopy.






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Crucial Questions on Synovial Biopsy: When, Why, Who, What, Where, and How?



		Introduction



		When Should the Synovial Biopsy Be Done?



		Why Can Synovial Biopsy Be Helpful?



		Who Should Undergo a Synovial Biopsy?



		What Information Can You Get From the Synovial Biopsy?



		Where Should Synovial Biopsy Be Performed?



		How to Perform a Synovial Biopsy



		Blind-Needle Biopsy



		Ultrasound-Guided Needle Biopsy



		Arthroscopic-Guided Synovial Biopsy



		Needle Arthroscopy







		Conclusion



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

The Crucial Questions on Synovial
Biopsy: When, Why, Who, What,
Where, and How?





OPS/images/fmed-08-705382-g001.gif
biopsy?

diseases

WHO should undergo a synovial

Suspcious of aypical mono-
o poly-articuarjoint .

+ Therapeutic purposes (joint
lovage orsynovectomy)

WHEN should the synovial
iopsy be done?
I cinical practce &

WHY can synovial biopsy be helpful?

Clasification early
undiferentated anhrts

Disease severity strtifiation of
potints with RA

Identification of predictors of
treatment response and outcome
Definion ofdsease remission
Development of synovial
torget therapies

research seting

performed?

monoarthrits s suspected
+ InfA, consicer interjoint

WHERE should the smoval biopsy be

+ Biopsy affected joint f nonrheumaic

heterogeneity intra-joint variability

WHAT information can you get
from the synovialbiopsy?
Differential diagnosisbetween
infectious vs non-nfectous
etilogy (synovaltumors,
histiocytic or granulomatous
disorders, depositon iseases,
Srinections)






OPS/images/fmed-08-705382-t001.jpg
Infectious diseases

Deposition diseases

Systemic diseases

Synovial tumors

Others.

Presenting mainly with monoarthritis
Common bacteria
Mycobacterium tuberculosis
Fungal arthritis

Parasitic arthitis

Lyme disease

Presenting mainly with polyarthritis
Whipple disease

Mycobacterium leprac

Crystal arthropaties

Ochronosis

Hemochromatosis

Amyloidosis

Sarcoidosis

Multicentric reficulohistiocytosis
Synovial cel sarcoma/synovial
chondrosarcoma Pigmented
vilonodular synovitis Synovial
chondromatosis

Lymphoma Metastatic carcinoma

Foreign-body arthritis










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





