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I. INTRODUCTION 
 

I.1. Généralités sur le tissu synovial 
 

I.1.1. Morphologie du tissu synovial normal 
 

Le tissu synovial ou membrane synoviale est le tissu tapissant la cavité articulaire des 

articulations diarthrodiales, et certaines bourses et tendons de l’organisme. Ce tissu est en 

relations intimes avec le cartilage, les tissu osseux, musculaire, tendineux, ligamentaire, et la 

capsule articulaire. Son positionnement privilégié au sein de l’articulation lui confère de 

multiples propriétés : élaboration et sécrétion du liquide synovial, lubrification, nutrition du 

cartilage, fonction de défense immunitaire, régulation de la pression et la température intra-

articulaire (6). Il est composé des 3 couches : la ligne bordante synoviocytaire ou intima 

(synovial lining layer), la couche sous-intimale ou subintima (sub-lining) et le tissu de soutien 

conjonctivo adipeux ou subsynoviale (Figure 1). 

 

 

Figure 1. A. D’après Simkin (1). Articulation interphalangienne proximale normale. On y 
voit : les phalanges, le cartilage et la cavité articulaire (qui apparaît ici en blanc). B. Tissu 
synovial avec ses trois couches. 1. Ligne bordante (ou intima ou lining layer). 2. Sublining. 
3. Tissu de soutien conjonctivo-adipeux. 
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I.1.1.a) Intima 
	

L’intima ou ligne bordante est composée de 1 à 3 couches cellulaires en conditions 

physiologiques. Son épaisseur est 20 à 40µm (6). De façon intéressante, elle n’est pas pourvue 

de membrane basale pour délimitation et les cellules ne possèdent pas de jonctions serrées 

cellules-cellules ou de desmosomes. Ces contacts « lâches » entre cellules bordantes sont à 

la base des propriétés de la membrane. Ils permettent aux molécules de la matrice extra-

cellulaire de diffuser au sein du liquide synovial dans la cavité articulaire et vice-versa. Il a 

été démontré en microscopie électronique l’enchevêtrement de ces cellules au sein d’une 

matrice extracellulaire (MEC) et l’existence de prolongements cellulaires au contact les uns 

des autres et au contact de la cavité articulaire. A noter qu’en certaines zones, un contact 

direct entre la MEC et la cavité articulaire est visualisé (2). 

	 	

Figure 2. D’après Barland et al (2). Membrane synoviale normale en microscopie 
électronique. Ligne bordante. 1. Cavité articulaire 2. Espace intercellulaire. 3. Matrice extra 
cellulaire. 4. Prolongements cellulaires. 

1

3
2

4
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La ligne bordante est constituée de deux types cellulaires en conditions physiologiques : les 

synoviocytes ou FLS (Fibroblasts Like Synoviocytes) et les macrophages synoviaux 

résidents. Ces cellules ont longtemps été considérées comme des sous types cellulaires 

(cellules synoviales de type A et de type B, respectivement) distincts issus d’un même 

progéniteur (2,7). Ce concept a progressivement évolué et les études montrent qu’il s’agit 

bien de types cellulaires différents, qui interagissent de façon continue, et particulièrement 

en situation inflammatoire (8). Ces deux types de cellules présentent une origine 

embryonnaire différente ainsi qu’un phénotype morphologique et immunohistochimique 

différent. Les macrophages synoviaux résidents sont des cellules phagocytaires d’origine 

myéloïde. Ces cellules sont tissu-spécifiques et ainsi différentes des macrophages recrutés et 

différentiés à partir de monocytes circulants issus de la moelle osseuse (9–13). Elles 

expriment fortement le CD68 à leur surface, ce qui en fait le marqueur immunologique de 

choix en immunohistochimie.  De façon intéressante, une étude a montré la capacité de 

macrophages dérivés de monocytes sanguins, à se différencier en macrophages résidents in 

situ, en conditions inflammatoires (14). Les synoviocytes sont des cellules fibroblastiques 

d’origine mésenchymateuse. Elles expriment fortement le CD55 à la surface (decay-

accelerating factor [DAF]), ce qui en fait un marqueur de choix en immunohistochimie ou en 

cytométrie de flux (15). Ces cellules ont plusieurs rôles au sein de la membrane synoviale. 

D’une part un rôle mécanique : synthèse et excrétion d’acide hyaluronique et autres 

protéoglycanes constitutifs du liquide synovial ; mais également maintien de l’intégrité de la 

ligne bordante par l’expression de molécules d’adhésion (16,17).  D’autre part immunitaire : 

reconnaissance des stimuli bactériens et rôle anti-infectieux par l’expression de Toll Like 

Receptors (18). 

 
I.1.1.b) Sub-intima 
	

La couche subintimale est constituée de tissu conjonctivo-adipeux, de capillaires et 

lymphatiques, et de cellules de l’immunité innée : mastocytes et macrophages. Les 

macrophages subintimaux pourraient présenter, selon certains auteurs, un phénotype différent 

de ceux de la ligne bordante notamment chez les patients porteurs de rhumatisme 

inflammatoires chroniques (14,19). En effet, dans le travail d’Ambarus et al. alors que les 
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macrophages de la ligne bordante exhibaient une polarisation plutôt de type M2, les 

macrophages subintimaux exprimaient à la fois des marqueurs de polarisation M1 et M2. 

I.1.1.c) Tissu de soutien conjonctivo-adipeux 

Le tissu de soutien, quant à lui, est constitué de tissu adipeux, de tissu conjonctif lâche, de 

vaisseaux sanguins et lymphatiques, ainsi que de fibres nerveuses (20,21). La répartition 

conjonctivo-adipeuse est variable selon les localisations articulaires. Ce tissu est en continuité 

avec l’appareil capsulo-ligamentaire. Ce tissu peut être le siège d’un infiltrat de cellules de 

l’immunité innée (lymphocytes en particulier). 

I.2. Intérêt diagnostic des biopsies synoviales. 
 

I.2.1. Places actuelle des biopsies synoviales en pratique clinique. 
	

Le diagnostic étiologique d’une arthrite aigue ou chronique se fait généralement sur un 

faisceau d’arguments cliniques, paracliniques et d’imagerie. Dans ce cadre, la ponction et 

l’analyse du liquide articulaire permet l’analyse cytologique, bactériologique et la recherche 

de microcristaux et est indispensable en première intention dans cette démarche diagnostique.   

Malgré tout, il persiste des situations diagnostiques difficiles pour le clinicien, notamment 

lorsque l’analyse du liquide synovial et/ou les examens d’imagerie ne donnent pas 

d’information suffisantes. 

Dans ces circonstances, l’analyse bactériologique, mycobactériologique, fungique, et la 

réalisation de PCR spécifiques de micro-organismes type Borrelia Burgdorferi pour la 

maladie de Lyme ou Tropheryma Whipplei pour la maladie de Whipple de la membrane 

synoviale peut permettre de poser le diagnostic d’arthrite infectieuse. 

L’analyse histologique de la membrane synoviale, siège de l’inflammation, permet également 

de donner des informations importantes. Par exemple, la présence d’aspects histologiques 

typiques de certaines pathologies au sein de la membrane synoviale permet un diagnostic de 

certitude.  Par exemple, l’existence de dépôts de sidérophages pour les synovites villo-

nodulaires, la présence de métaplasie cartilagineuse au sein de la membrane pour 

l’osteochondromatose, la présence de dépôts microcristallins pour les arthropathies 
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microcristallines ou la présence de granulomes pour les arthrites infectieuses à 

mycobactéries.  

Le diagnostic des rhumatismes inflammatoires chroniques (RIC), et notamment le plus 

fréquent d'entre eux, la polyarthrite rhumatoïde (PR), repose sur un faisceau d'arguments 

cliniques, biologiques (syndrome inflammatoire biologique, présence de facteurs 

rhumatoïdes, d’anticorps anti-CCP), radiologiques (érosions radiographiques, synovites à 

l'échographie ou à l'IRM). Les sociétés savantes américaines et européennes (ACR et 

EULAR) ont également développé des critères de classification pour la PR (22) et pour 

d’autres RIC. Il existe également des caractéristiques synoviales macroscopiques différentes 

au sein des RIC, et notamment entre PR et rhumatisme psoriasique. Les équipes pratiquant 

l’arthroscopie ont en effet observé et décrit un aspect tortueux caractéristique des vaisseaux, 

au sein des synovites de patients porteurs de rhumatismes psoriasiques et de 

spondylarthropathies. En revanche, les capillaires sont rectilignes dans les synovites de PR 

(23). Des différences ont également été observées à l’échelon microscopique histologique, 

avec une néovascularisation plus prononcée dans les membranes synoviales de patients 

porteurs de  spondylarthropathies.  

Au-delà de du diagnostic précis du type de rhumatisme inflammatoire, l’analyse histologique 

permet également d’étudier l’existence d’un infiltrat inflammatoire dans les synovites et de 

décrire les types cellulaires qui le composent (polynucléaires neutrophiles, macrophages, 

lymphocytes, plasmocytes). Un score a été développé par Krenn et al. en 2002, visant à grader 

les synovites en fonction de 3 paramètres principaux : l’hyperplasie de la ligne bordante, 

l’activation du stroma (cellules résidentes : macrophages du sublining, cellules 

endothéliales), l’infiltrat inflammatoire (cellules de l’immunité adaptative : lymphocytes, 

plasmocytes) qui sont gradés de façon semi-quantitative de 0 à 3 (24). Le score total est sur 

9, et les synovites sont considérées de bas grade si le score est inférieur ou égal à 4, ou de 

haut grade si le score est supérieur ou égal à 5. Dans la publication originale, la sensibilité 

était de 61,7% avec une spécificité de de 96,1%, avec le seuil de 5 sur 9, pour différencier 

arthropathie mécanique et inflammatoire (3,24). 
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Figure 3. D’après Krenn et al. (3). Score de synovite. Exemples de grades 0 à 3 pour les 3 
composants principaux : hyperplasie de la ligne bordante, activation du stroma et infiltrat 
inflammatoire.  

De façon intéressante, un algorithme diagnostic basé sur l’analyse anatomopathologique de 

la membrane synoviale a été récemment publié par Krenn et al. Cet algorithme permet 

d’orienter le diagnostic en fonction du caractère inflammatoire ou non de la membrane 

synoviale, de l’existence d’aspects histologiques typiques comme granulomes ou cristaux, et 

du score de synovite précédemment décrit. 
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Figure 4. D’après Krenn et al. (4). Algorithme diagnostique basé sur l’analyse histologique 
de la membrane synoviale. 

 
I.2.2. Place actuelle des biopsies synoviales en recherche translationnelle. 
 

La polyarthrite rhumatoïde (PR) est une maladie hétérogène et complexe. Au cours des 15 

dernières années de grandes avancées ont été faites dans la connaissance de la 

physiopathologie de la PR, mais certaines questions restent entières, notamment celle du 

pronostic, qui est variable selon les patients et fortement intriqué avec l’existence de 

destructions articulaires, mais aussi celle de la réponse au traitements, absente chez 30% des 

patients (25). Aussi, la recherche sur le tissu synovial s’est concentrée sur trois grandes 

questions scientifiques. Comment diagnostiquer la PR de façon précoce ? Comment prédire 

le pronostic (recherche de biomarqueurs membranaires) ? Comment prédire la réponse au 

traitement ? 
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I.2.2.a) Diagnostic précoce de la polyarthrite rhumatoïde chez les patients porteurs 

d’arthrites indifférenciées. 

 

Concernant le diagnostic précoce des PR débutantes chez des patients porteurs d’arthrites 

indifférenciées, plusieurs modèles cliniques prédictifs ont été proposés, mais aucun d’entre 

eux n’est utilisé en pratique courante en raison d’un manque de validation sur de grandes 

cohortes et de performances insuffisantes en terme de sensibilité/spécificité (25–27). Afin de 

répondre à cette problématique, plusieurs travaux ont été réalisés, comparant l’aspect 

histologique et immunohistologique de la membrane synoviale de patients porteurs 

d’arthropathies mécaniques, de rhumatisme psoriasique, de spondylarthropathie et de 

polyarthite rhumatoïde. L’objectif était de mettre en évidence des aspects histologiques 

spécifiques qui permettraient de classer les patients porteurs d’arthrites indifférenciées à un 

stade précoce (28,29). Bien que quelques différences aient été mises en évidence 

(néovascularisation plus importante dans les spondylarthopathies, infiltrats lympho-

plasmocytaire plus important dans la PR, altération des molécules d’adhésion (intégrines) 

dans la PR), aucun des travaux n’a mis en évidence d’aspect spécifique d’une pathologie. 

Cette problématique a également été étudiée à l’échelon transcriptomique, dans un travail qui 

visait à étudier les signatures transcriptomiques des membranes synoviales de patients 

porteurs de PR, de spondylarthropathies, d’arthrose et d’arthrites indifférenciées. En raison 

d’un chevauchement important des expressions géniques entre PR, spondylarthropathies et 

arthrites indifférenciées, la précision diagnostique sur la seule base de l’analyse 

transcriptomique était faible (58%). En ajoutant les données cliniques, on augmentait la 

sensibilité de l’algorithme de prédiction diagnostic à 98% (30). Ces données nous informent 

donc quant au caractère insuffisant de la seule analyse du transcriptome synovial. Des travaux 

supplémentaires sont donc nécessaires dans ce domaine et notamment des analyses 

protéoiques peuvent avoir leur intérêt. 
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I.2.2.b) Biomarqueurs synoviaux pronostiques dans la PR. 

L’étude de la membrane synoviale, dans un premier temps à l’échelon histologique et 

immunohistologique de patient porteurs de PR, a permis de mettre en évidence l’existence 

d’aggrégats cellulaires, organisés en follicules lymphoïdes ectopiques (FLE) au sein de la 

membrane synoviale de certains patients. Ces FLE s’organisent au sein de la membrane 

comme des organes lymphoïdes tertiaires avec lymphocytes B, T, macrophages et cellules 

dendritiques. Leur rôle dans la physiopathologie de la PR est encore discuté (32). Une équipe 

a montré une corrélation entre l’existence de ces FLE et l’atteinte structurale dans la PR (33), 

mais ces résultats n’ont pas été confirmés dans des travaux ultérieurs (34,35).  

De façon intéressante, ces FLE ne sont présents que chez 30-40% des patients porteurs de PR 

(5). Trois grands phénotypes ont ainsi été décrits : le phénotype folliculaire dans lequel on 

retrouve un infiltrat majoritairement lymphocytaire avec formation de FLE, le phénotype 

diffus dans lequel l’infiltrat inflammatoire est également réparti au sein de la membrane et le 

phénotype pauci-immun, où l’infiltrat inflammatoire est discret. 

 

Figure 5. D’après Pitzalis et al. (5). Illustration des 3 grands phénotypes synoviaux chez les 
patients porteurs de PR. H&E : Hématoxyline et éosine, CD20 : immunomarquage des 
lymphocytes B, CD3 : immunomarquage des lymphocytes T, CD68 : immunomarquage des 
macrophages, CD138 : immunomarquage des plasmocytes. 
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Ces phénotypes histologiques, ont été secondairement associés à des signatures génomiques 

et transcriptomiques spécifiques : lymphocytaire pour le phénotype folliculaire, 

macrophagique pour le phénotype diffus et fibroblastique pour le phénotype pauci-immun 

(36). Actuellement, la corrélation entre ces phénotypes histologiques, ces signatures 

cellulaires/moléculaires spécifiques et les phénotypes cliniques (atteinte structurale, présence 

ou absence de facteurs rhumatoïdes ou d’anticorps anti-CCP) fait l’objet d’intense recherche 

auprès de plusieurs équipes. Récemment, une équipe dublinoise a montré l’existence d’un 

infiltrat lymphocytaire B et T plus important et l’existence de FLE plus fréquemment chez 

les patients porteurs de PR positifs pour les anticorps anti-CCP. De plus, les patients dont les 

membranes synoviales comportaient plus de lymphocytes B avaient plus fréquemment des 

érosions radiographiques au cours du suivi (37). D’autres travaux sont en cours et sont 

nécessaires pour confirmer ces données.  

Par ailleurs, l’étude de protéines membranaires a montré un intérêt comme facteur 

pronostique. En effet, la présence de taux élevés de TNF alpha et d’Interleukine-6 -deux 

cytokines pro-inflammatoires jouant un rôle clé dans la PR- dans la membrane synoviale est 

associée à une PR active cliniquement (38).  

 

I.2.2.c) Biomarqueurs synoviaux prédictifs de la réponse au traitement dans la PR. 

	

Actuellement, 30 à 40% de patients porteurs de PR ne répondent pas à une première 

biothérapie (39). Pour le clinicien, il n’existe à l’heure actuelle pas de moyen fiable 

permettant de prédire la réponse d’un patient au traitement par biothérapie, et la décision reste 

basée sur un faisceau d’arguments cliniques, biologiques, et sur l’expérience du médecin. 

Cette problématique est un enjeu de taille, tant à l’échelle du patient (douleurs, atteinte 

structurale) qu’à l’échelle sociétale (coût des biothérapies). 

Des études ont par le passé tenté d’identifier des marqueurs prédictifs de réponse aux anti-

TNF alpha dans le sang circulant, plus facile d’accès que la membrane synoviale, mais les 

résultats se sont avérés insuffisants en terme de sensibilité et de spécificité pour être utilisés 

en routine (40,41). 
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Concernant la prédiction de réponse aux traitements par anti-TNF alpha, des études 

contradictoires ont été publiées. Une première équipe a montré que l’existence d’agrégats 

lymphocytaire au sein de la membrane synoviale était un facteur prédictif indépendant de 

mauvaise réponse aux anti-TNF alpha (42). A l’inverse, l’équipe de Klaasen et al. a montré 

que les patients porteurs de synovites avec agrégats lymphocytaires répondaient en moyenne 

mieux à l’infliximab (43). D’autres études seront nécessaires pour conclure à ce sujet. 

Des travaux d’analyse génomique en pré- ou post- traitement, ou de signature 

transcriptomique entre patients répondeurs et non-répondeurs aux anti-TNF alpha ont 

également été réalisés. Ces études ont mis en évidence des expression différentielles de gènes 

pro-inflammatoires principalement, mais également de gènes codant pour des acteurs de 

l’activation immune et de la prolifération cellulaire entre les patients répondeurs et non 

répondeurs (44–46). Des travaux de validation sur de plus larges cohortes seront nécessaires. 

La réponse au rituximab, un anticorps monoclonal anti-CD20, a également fait l’objet de 

plusieurs études de prédiction. La déplétion en lymphocytes B et en plasmocytes synoviaux 

semble être un marqueur prédictif de bonne réponse au traitement (47,48). 

Jusqu’ici, l’ensemble des études publiées, qu’elles soient rétrospectives ou prospectives, bien 

qu’informatives, n’étaient pas randomisées. L’étape suivante indispensable au 

développement à plus large échelle de stratégies de stratification thérapeutique basées 

sur l’analyse phénotypique de la membrane synoviale dans la PR est la mise en place d’essais 

thérapeutiques randomisés. Ce type d’essai clinique de stratégie est en cours actuellement en 

Angleterre, et d’autres protocoles sont à venir dans d’autres pays d’Europe. Les résultats de 

ces travaux permettront peut-être le développement en pratique courante de stratégies 

thérapeutiques personnalisées basées sur l’analyse du phénotype synovial des patients 

porteurs de PR. 
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I.3. Techniques de biopsie synoviale. 
	

De multiples techniques de biopsie synoviale sont été décrites dans la littérature.  

Les premières biopsies synoviales ont été réalisées dans de grosses articulations faciles 

d’accès comme le genou. Les biopsies étaient réalisées à l’aide d’aiguilles à biopsies ou de 

punch de différents calibres introduites dans l’articulation en repérage anatomique (49–51). 

Progressivement les techniques ont évolué avec le développement de l’arthroscopie et 

d’arthroscopes de petits calibres (1-2,7mm) (52). 

Les biopsies synoviales ont ainsi pu être réalisées sous contrôle visuel à l’aide d’une voie 

d’abord supéro et inféro latérale pour l’arthroscope et le forceps. Cette technique a été 

largement utilisée à partir des années 1960 et est encore actuellement utilisée en 

Rhumatologie à des fins diagnostiques ou de recherche scientifique avec une bonne tolérance 

(52). Cependant cette technique de biopsie reste invasive et difficilement accessible en 

pratique courante. 

L’échographie s’est beaucoup développée ces dernières années en rhumatologie du fait de 

son caractère maniable, facile d’accès, rapide et non invasif. L’échoguidage a donc pris un 

essor important pour la réalisation de gestes infiltratifs, mais également pour la réalisation de 

biopsies synoviales. De plus, l’échoguidage permet la réalisation de biopsies synoviales au 

sein de petites articulations comme les metacarpo-phalangiennes et inter-phalangiennes 

proximales, souvent touchées dans les rhumatismes inflammatoires chroniques comme la 

polyarthrite rhumatoïde (53). Certaines équipes utilisent un trocard à biopsies semi-

automatique avec ou sans co-axiale (53–56) alors que d’autres utilisent un système de forceps 

avec introducteur (57,58). La technique de biopsies synoviale échoguidée à l’aide d’un 

trocard à biopsies semi-automatique avec aiguille co-axiale est utilisée dans le service de 

Rhumatologie du CHU de Nantes depuis 2007. 
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I.4. Introduction de l’article. 
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INTRODUCTION 

 

Synovial tissue is the principal target and end organ involved in the pathogenesis of multiple 

articular disease processes (59,60). Synovial tissue analysis has been widely used for basic 

science, translational and clinical research. Moreover, synovial assessment allows for 

studying many aspects of disease processes including pathogenesis (5), the identification of 

relevant targets clinical features (61), diagnosis, prognosis (62) as well as in assisting in 

assessments of response to treatment (63–65). 

 

Histological and immunohistological synovial assessment is also used as a diagnostic tool 

(66). Indeed, it is especially useful for identifying arthritis of an infectious aetiology, when 

synovial fluid or blood analysis (Gram, Ziehl) and cultures are negative or in cases where 

empiric antimicrobial therapy has been commenced before it has been possible to examine 

the synovial fluid (67). The bacterial broad range 16S ribosomal RNA can also be tracked 

down by polymerase chain reaction (PCR) on synovial tissue (68). The same methods allow 

identification of fungal, mycobacterial, spirochetes and Tropheryma Whipplei in the joint. 

False negative for monosodium urate crystals (MSU) and calcium pyrophosphate (PPC) 
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occur frequently at microscopic examination of the synovial fluid (69), and synovial tissue 

assessment can be helpful with typical histological features. Finally, synovial benign tumours 

such as primary or secondary osteochondromatosis or villonodular synovitis can be 

diagnosed as well, showing specific macroscopic and histological pattern. 

 

There are several techniques to obtain synovial tissue from the joints. Synovial biopsy was 

performed by Forestier in 1932 using a needle blindly introduced in the knee joint (49). Polley 

(50) and Parker (51) described new smaller diameter needles that have been widely used over 

the past years for knee synovial biopsies. Beaulé (70), Parlier and Cuau (71) then described 

a technique of synovial biopsy under direct visualisation under flurorscopy with a semi-

automatic Tru-cut needle. This technique allows performing multi-sites biopsies such as hips, 

shoulders, elbows, ankles and wrists. Synovial biopsies were later performed under direct 

vision using 2 portals via an arthroscope (72).  Although this technique is usually well 

tolerated (66), it remains invasive, expensive and not yet widely available. Moreover, it has 

been shown that microscopic measurements of synovial inflammation does not differ 

between biopsies taken blindly or under guided vision (73). 

 

More recently, ultrasound guided synovial biopsies have been developed. Musculoskeletal 

ultrasound (US) is very commonly used nowadays, especially for guiding interventional 

procedures (74,75). This technique has the benefit of being low cost, rapidly and easily 

performed without the need for exposing the patient to ionising radiation, and is widely 

available (76). It is more practical than arthroscopy for biopsying small joints and allows 

guidance to the thickest synovial zones. Moreover, Kelly et al (53), reported that increasing 

synovial thickness on ultrasound correlated with increasing grades of synovitis on  

histological examination. However, few studies have reported on synovial biopsies 

performed in routine clinical practice (54,55). It is unknown if the success and the quality of 

the biopsy are the same as the one performed in a research setting. Finally, their clinical utility 

is still a matter of debate. 

 

The aims of our study are (a) to describe the indications for US guided synovial biopsies in 

the clinical setting, (b) to determine the rate of success in acquiring synovial tissue using this 

approach and to report the complications, (c) to determine how frequently the synovial biopsy 
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can lead to a clear diagnosis and (d) to assess the quality of the synovial tissue obtained using 

this technique. 

 

II. MATERIAL AND METHODS 
 

II.1. Patients and histological diagnosis. 

We included all patients who underwent a US guided synovial biopsy between February 2007 

and December 2014 in Nantes University hospital for arthritis without definite diagnosis 

based on the history, clinical examination or imaging. Ethics approval was not required in 

accordance with the policy of our institution. During this service evaluation study, we 

collected epidemiological (age, sex) and clinical data (clinical presentation, indication, 

biopsied joint, complications) using a standardized form. Final histological diagnosis was 

reported by 3 pathologists who had an expertise in assessing synovial tissue in a formal report 

based on a Hematoxylin and Eosin staining. Patients were followed to determine the clinical 

course of their symptoms. 

 

II.2. US guided synovial biopsies. 

Synovial biopsies were performed under US guidance using a Philips HD11 XE ultrasound 

machine and a 7-13MHz transducer from Philips Healthcare. They were performed in an 

outpatient and inpatient setting depending on the patient’s presentation. All patients 

underwent a thorough assessment of the joint to be biopsied. Vascular and nervous structures 

nearby were identified and synovial thickness was assessed. 

All the biopsy procedures were performed by one operator (BLG) who had an expertise in 

US examination, under sterile technique (wearing gown, sterile gloves, mask and a surgical 

cap). Skin disinfection was processed with a 5 steps protocol using Iodine polyvidone or 

Hibiscrub if the patient had Iodine past history of allergy. The joint was draped and a sterile 

field thus generated. The transducer was covered with sterile gel and sterile sheath. 

Anaesthesia was performed injecting 5 to 10 ml of lidocaine 2% in the subcutaneous tissue 

and up to the joint capsule. If an effusion was present, synovial fluid was withdrawn and sent 

to the laboratory for cell count, crystal microscopy, bacteriological, mycobacteriological 
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and/or fungal analysis depending on the patient clinical history and features. A semi-

automatic guillotine biopsy “Tru-cut®” needle from TEMNOS has been used for all the 

biopsies. The calibre used was 16 Gauge (G) for small and intermediate joints or 14G for 

large joints such as hips, shoulders and knees. Coaxial needle was inserted under US guidance 

through the skin until reaching the articular cavity. The coaxial needle was positioned in 

intimate contact with the synovium. The semi-automatic guillotine biopsy “Tru-cut®” needle 

was then inserted through the cannula of the co-axial needle, still under US guidance. Once 

positioned within the zone of interest of the synovial tissue, the Tru-cut® needle was 

triggered collecting a piece of synovial tissue according to the size of the joint. This Tru-cut® 

needle was repeatedly inserted through the co-axial needle and triggered to obtain the 

appropriate number of samples. Then, these two needles were removed and a classical 

bandage was applied. Patients were recommended to have 48 hours rest after the procedure. 

Depending on the indication of the biopsy and the size of the joint, 3 to 8 biopsies were 

performed per procedure and sent for bacteriological, mycobacteriological and/or fungal 

examination in appropriate laboratories. At least 1 sample was fixed in formalin 4%, 

embedded in paraffin and sent to the pathology laboratory. When the clinical history was 

relevant extra samples were sent for universal bacterial polymerase chain reaction (PCR) 

(ARN 16S), universal fungal PCR (ARN 18S) and Trophyrema Whipplei or Lyme PCR.  

 
II.3. Analysis of the quality and quantity of the synovial tissue retrieved during synovial 
biopsies. 
All the synovial biopsies were blindly read by one rheumatologist (AN). The number of 

samples per patient, the presence or absence of synovial tissue, the presence or absence of a 

synovial lining layer, the length and the width, the total area of the biopsy (mm2), the area of 

proper synovial tissue (mm2), was assessed in standardized manner with the NDP viewer® 

software. These findings were compared to the histological findings described on the 

pathologist reports which were the gold standard. In case of disagreement between 

rheumatologist and pathologist, an expert reader (DV) was responsible for final decision. We 

considered the biopsy successful when synovial tissue was seen at the histological 

examination. Good quality was defined as: sufficient size (>0,5 mm2) (77), preserved tissue 

allowing assessment by pathologists and presence of lining layer. 
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II.4. Statistical analysis. 
Mean and median were used to describe quantitative data according to their Gaussian 

distribution. Number and percentage were used to report qualitative data. Fisher test has been 

used to compare percentage. Kappa coefficient calculation was used to assess the 

interobserver reliability for histological analysis. p<0.05 was considered as statistically 

significant. All statistics were made through GraphPad Prism 6.0® software. 

III. RESULTS 
 
III.1. Patient characteristics. 
Seventy-four patients underwent 76 US guided synovial biopsy procedures. Demographic 

and clinical features of patients included in the study are shown in Table 1. Mean age was 57 

years (Range 13-86 years) and there were 39 (52.7%) men. Most of the patients presented 

with an undifferentiated chronic monoarthritis (54.1%, n=40). The biopsied joints were 

reparsed as followed: 46 knees (60.5%), 6 ankles (8%), 6 wrists (8%), 5 shoulders (7%), 4 

hips (5%), 2 elbows, 2 sternoclavicular joints, 2 metatarso-phalangeal joints and one pubic 

symphysis, one acromio-clavicular joint and one peroneal tenosynovitis. Patients were 

mainly referred to rule out the diagnosis of septic arthritis (82.4%, n=61). 

 

 
Table 1. Données démographiques et cliniques des patients. 
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III.2. US guided biopsy procedure was safe and successful. 
Overall, 62 of the 76 biopsies (81.6%) yielded synovial tissue according to the pathologists’ 

analysis. Within these 62 biopsies, the main histological finding was a non-specific 

inflammatory mononuclear cell infiltrate (lymphocyte, monocytes and plasma cells) (81%, 

n=50). A mild neutrophil infiltrate was seen in 24 (50%) of these biopsies. 8 (13%) biopsies 

showed specific histological lesions (Figure 1). A major neutrophil cell infiltrate consistent 

with a septic arthritis was found in 2 cases. 2 biopsies showed a synovial infiltration of 

positive Perls’ siderophages (villo-nodular synovitis). 1 biopsy showed vascular and 

interstitial deposits of Sirius red staining protein consistent with amyloidosis AL. 1 biopsy 

contained tophi surrounded by lymphocytes and giant cells. 1 biopsy found dystrophic 

cartilage inside the synovial tissue; consistent with synovial osteochondromatosis. Finally, 1 

biopsy showed an articular localisation of lymphoma. Four biopsies retrieved normal 

synovial tissue without any inflammatory cell infiltrate (Table 2). 

 

Table 2. Récapitulatif de l'analyse histologique des biopsies synoviales. 
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The 14 failed biopsies occurred in both small and large joints. Percentages of failed biopsies 

per joint were as follows: Glenohumeral joints n=3/5 (60%), ankle n=3/6 (50%), hip n=2/4 

(50%), wrist n=2/6 (38.3%), elbow n=1/2 (50%), sternoclavicular joint n=1/2 (50%), knees 

n=2/46 (4.3%). In case of failure, histological analysis showed mainly connective and adipose 

tissue in 10 cases, fibrin and leucocytes in 3 cases, tendon in 1 case. Tolerance per procedure 

was excellent. One patient taking acetyl salicylic acid at the time of the biopsy presented with 

a haemarthrosis 48 hours after the procedure, which resolved following arthrocentesis within 

one week.  

 

Overall, 10 (16.2%) definitive diagnoses were made based only on synovial tissue 

histological or PCR analysis. 

 

Long term follow-up (mean 34.9 months (Range; <1 month-96 months) and final diagnosis 

were available for 66 of the 74 patients (Table 3). No patient has since been diagnosed with 

an infectious arthritis or villo-nodular synovitis or developed any complication of the biopsy 

procedure. In three of the cases where the diagnosis remained unclear despite the US guided 

biopsy and in two case of failed biopsy, patients underwent secondary procedures. One of 

them had an arthroscopic examination after the US guided biopsy and four of them had an 

open synovectomy. One of those synovectomy allowed a diagnosis of chondrocalcinosis on 

pathological examination. 

 

 
Table 3. Données finales de la cohorte de patients après suivi. 



	 29	

 

 

 
Figure 6. A, B, C, D, E. Biopsies synoviales de 5 lésions histologiques spécifiques.  

A. Dépôts de fibrine avec infiltrats de Polynucléaires neutrophiles (astérisque) correspondant à 
une arthrite septique. 

B.  Synovite villo-nodulaire. Coloration Hématoxyline et Eosine. 
C.  Synovite villo-nodulaire avec une coloration de Perl’s montrant des sidérophages (flèche). 
D. Infiltrat cellulaire au sein de la membrane synoviale correspondant à une localisation 

articulaire de lymphome.  
E. Dépôts amyloïdes révélés par une coloration Rouge Congo. Amylose AL  
F. Micro tophus entouré de cellules géantes et de lymphocytes (flèche noire) aboutissant à un 

diagnostic de goutte. 
 

 

III.3. Quality and quantity of the synovial tissue retrieved after US guided synovial 
biopsies. 
	

Finally, the synovial tissue retrieved was assessed for quality and quantity. For this purpose, 

we analysed the histological characteristics per sample retrieved during the procedure (Figure 

2). The median number of sample taken per patient was 1 (IQR 1-3) leading to a total of 125 

samples available for analysis. Mean length and width of the biopsy samples were 6.34 
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millimetres (mm) (+/- 3.60) and 1.70 mm (+/- 0.77) respectively. The mean total area of the 

samples was 8.77mm2.  

Biopsies showed synovial tissue at the histological examination in 102 samples (80.1%). The 

average area of synovial tissue is these samples was 6.36 mm2 corresponding to 72.5% of the 

total area of biopsied tissue. The other type of tissue present on these biopsies were 

connective tissue in 101 cases (80.8%), adipose tissue in 42 cases (33.6%), tendon in 14 cases 

(11.2%) and fibrin in 24 cases (19.2%). The 23 samples retrieving no synovial tissue were 

composed of fibrin in 15 cases (12%), conjunctive and adipose tissue in 17 cases (13.6%), 

tendinous tissue in 3 cases (3.15%), cartilage in 3 cases (3.15%) and muscle in one case 

(0.8%).  

Synovial lining layer was found in 92.6% of the successful biopsies.  

We finally compared our histological final finding regarding presence or absence of synovial 

tissue with the ones given by the pathologist and found 97.1% of agreement. Interobserver 

reliability for presence/absence of synovial tissue was high with a kappa coefficient of 0.90 

(95% CI = 0.763 to 1). 

 

 
Figure 7. Exemple d’une analyse histologique. La ligne noire représente la mesure globale 
de l’échantillon ; la ligne rouge représente la mesure de la largeur de l’échantillon et la ligne 
blanche la longueur de l’échantillon.	



	 31	

 

IV. DISCUSSION 
 

Given the fact that synovial tissue analysis has been mostly used for research purposes, our 

study highlights the potential diagnostic role of synovial biopsy in routine clinical practice. 

In order to develop this technique in clinical practice, the patient needs to be offered a well-

tolerated technique with an acceptable rate of success.  

 

To date, two different techniques of US guided synovial biopsies have been described. Both 

have been shown to be safe, and well tolerated by the patients (76). The first method requires 

a single portal with a flexible or rigid biopsy forceps. The portal is directly introduced inside 

of the joint to perform biopsies (57). The second technique as outlined above, requires an 

empty co-axial needle that is inserted inside of the joint and a semi-automatic guillotine-type 

needle that is inserted through the co-axial. The procedure is not painful after the local 

anaesthesia and once the co-axial needle is settled and this technique allows retrieving several 

biopsies during the same procedure without moving the co-axial needle. To our knowledge, 

five other studies, reporting their experience of US guided synovial biopsies, have been 

published to date. Two reported their experience using the first technique (57,58), one of 

them a technique using semi-automatic guillotine-type needle without co-axial needle (53) 

and two of them using the second technique outlined above (54,55).  

 

The success rates in retrieving synovial tissue described by other authors vary from 89% to 

100% (53,55–58). Although, the rate of success in our cohort was slightly lower, for which 

there are several potential reasons. Our patients comprised a heterogeneous group regarding 

clinical features and the joints that have been biopsied among those studies and there were 

also minor differences in techniques in 2 of the studies referenced above. Moreover, no 

biopsies have been done prior 2007 in our centre and 43% of the failures occurred within the 

first 18 months (6 on 14), especially in more challenging joints such as ankles, wrists, hips or 

shoulders. This might correspond to the operator learning curve. However, our success rate 

remains equivalent to the highest rates described for synovial biopsies with blind needle (48 

to 85%) (78).  

 



	 32	

In our study, patients were referred mostly by their GPs or their rheumatologist with no clear 

diagnosis despite multiple punctures with synovial fluid analysis and imaging consisting in 

computed tomography scanner (CT-scan) or magnetic resonance imaging (MRI). Given the 

fact that low-grade infection often evolves in chronic arthritis with joint destruction, it is very 

important to pursue atypical germs such as tuberculosis, fungi, Tropheryma Whipplei, 

Borrelia Burgdorferi. Moreover, some of the more common bacteria can be responsible of   

low-grade infection in some rheumatic patients because of immunosuppression. In all these 

situations, the biopsy allows a quick bacteriological examination with Gram staining, then 

later culture and PCR analysis for atypical organism. Indeed, 2 patients were diagnosed with 

Lyme and articular Whipple disease by PCR analysis. Interestingly, the Whipple PCR that 

was performed on the synovial fluid collected during procedure was negative. There is one 

previously reported similar cases where synovial fluid PCR failed to demonstrate the 

presence of Tropheryma Whipplei but the synovial tissue PCR was positive (79).  

Bacterial culture in both synovial fluid and synovial membrane is a key examination for septic 

arthritis diagnosis. However, using those methods, infectious agents was isolated in only 

41,2% of the patients (38.7 % of synovial fluid and 23.5 % of synovial membrane positive 

cultures) (80).Therefore, histological  synovial cell infiltrate analysis  is also relevant for 

septic arthritis assessment. A neutrophilic cellular infiltrate, has been showed to be highly 

associated with septic arthritis (81). Their presence inside of the synovial tissue is considered 

as a sufficient evidence for the diagnosis of septic arthritis. Regarding the data we present, 

the diagnosis of septic arthritis was established following the histological examination of 2 

patients. Interestingly, after empiric antimicrobial therapy was commenced in these 2 

patients, no relapse occurred within at least 6 years’ follow-up for both. This analysis can 

also be useful in fibrocartilagenous joints (acromio-clavicular, pubic symphysis) where fluid 

is rarely found even in case of inflammation. Furthermore, we can conclude from our data, 

that no patient of our cohort has been further diagnosed with infectious arthritis. This 

technique can therefore be considered as reliable to rule out septic arthritis assessment, 

permitting thus for local treatments such as steroids injections. 

 

More rarely, synovial biopsy can be performed for synovial tumour assessment, especially 

villo nodular synovitis or osteochondromatosis. The 2 patients in our cohort diagnosed with 
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villo-nodular synovitis underwent surgical synovectomy. The histological examination of the 

tissue confirmed those findings. 

 

For the biopsy to be useful in clinical practice, the quality of the biopsies retrieved has to be 

good. Quality of a synovial biopsy has been defined for research recently (53). But no 

definition has been given for the clinical setting yet. In our study, we defined good quality 

as: sufficient size defined by synovial tissue area > 0,5mm2, preserved tissue allowing 

assessment by pathologists and presence of lining layer. In our cohort, the quality was good 

enough to allow a histological examination in all biopsies retrieving synovial tissue. Lining 

layer was found in 92.2% of the cases. In some instances, the lining layer could be identified 

but was not connected to the main biopsy, which may have occurred during tissue processing 

or may represent separation due to fibrin deposition in case of ulcerative synovitis.   

 

No study has thus far demonstrated a predictive clinical value for histological findings in 

identifying those with early arthritis or those that will go on to have an aggressive disease 

course (63,66,67). Indeed, multiple studies tried to determine histological cell infiltrates 

patterns matching with different rheumatologic conditions. There is undeniable differences 

between RA and Psoriatic arthritis (29,82), RA and Ankylosing Spondylitis (AS) (83) and 

RA and osteoarthritis (OA) (23,84). OA synovial membrane is known to show less 

inflammatory infiltrate and less vascularity than their inflammatory counterparts (RA, PsA, 

AS). RA synovium has been described to show a higher number of B cells and more rarely 

ectopic follicles, helping in the diagnosis. The high grade synovitis features are more 

consistent with RA (3). However, despite those differences, no algorithm is able to predict 

the evolution in early arthritis (81). 

Given this, the histopathologist was rarely able to determine the type of inflammatory 

arthritis. However, by ruling out or confirming infectious arthritis or synovial tumour, it is 

clear enough that US guided synovial biopsy is helpful on patients with remaining unknown 

diagnosis despite synovial fluid analysis, X-ray, CT scan and/or MRI examinations. In our 

setting, synovial biopsies allowed to treat some patients by achieving a definite diagnosis, or 

to give systemic immunosuppressive or local therapies such as intraarticular steroid 

injections. We acknowledge that our work has limitations. One limitation is the monocentric 

design of our study. The biopsies were performed by a trained investigator and the 
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pathologists in our centre have an expertise in biopsy assessment. This could be a limit for 

the generalization of those results. Although all patients had 3 to 8 biopsies taken, 55% of 

them had a single fragment sent to pathology department. This might be another limitation. 

 

Finally, one of the main concerns about any procedure is its tolerance. In our cohort, one 

patient treated with salicylic acid presented with knee haemarthrosis 48 hours after the 

procedure. Overall, in our cohort, the adverse effects rate was 1.35% (IC 95 -1.3-4) (1/74) 

and no severe adverse event (life-threatening, leading to patient admission in hospital or with 

a risk of sequelae) occurred. The arthroscopic biopsies have the advantage to be retrieved 

under direct vision and therefore allow a histological analysis of the inflamed areas within 

the joint. However, this procedure is more invasive and has multiple adverse effects (joint 

infection; wound infection; haemarthrosis; deep venous thrombosis; neurological damage, 

thrombophlebitis) (52). 

 

V. CONCLUSION 
	

Our study highlights the potential diagnostic role of synovial biopsy. To our knowledge, it is 

the first study describing indications, tolerability, rate of success, diagnosis role and quality 

of ultrasound guided synovial biopsy in the clinical setting. Ultrasound guided synovial 

biopsy is performed in clinical practice in a heterogeneous population with variant clinical 

features. The success rate of the procedure remains high with only rare and minor 

complications. 13.3% achieved a definitive diagnosis leading to a specific treatment. In other 

patients, we could rule out the diagnosis of septic arthritis. Therefore, this procedure should 

not only be used for research purposes, but may also be used routinely in undifferentiated 

arthritis. 
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Success Rate and Utility of Ultrasound-guided Synovial 
Biopsies in Clinical Practice 
 

Aurélie Najm, Carl Orr, Marie-Françoise Heymann, Géraldine Bart, Douglas J. Veale, 
and Benoît Le Goff 
 

ABSTRACT. Objective. The utility of synovial biopsy in increasing our understanding of the pathogenesis of inflam-
matory arthropathies, as well as in evaluating treatments, is well established. Ultrasound (US) allows 
synovial assessment and therefore assists in biopsying synovial tissue in a safe and well-tolerated 
manner. This study’s objectives were to (1) determine the rate of success in retrieving synovial tissue 
using US guidance, (2) describe the indications for US-guided synovial biopsies in the clinical setting, 
(3) determine how frequently the synovial biopsy can lead to a clear diagnosis, and (4) assess the 
quality of the synovial tissue obtained using this technique. 
Methods. Synovial biopsies of small and large joints were performed under US guidance between 
February 2007 and December 2014 using a semiautomatic core biopsy needle. The biopsy procedure 
was considered successful if synovial tissue was found at histological examination. 
Results. Seventy-four patients with undifferentiated arthritis underwent 76 synovial biopsies. The 
success rate in retrieving synovial tissue was 81.6% (62/76). One patient taking acetyl salicylic acid 
at 75 mg at the time of the biopsy presented with hemarthrosis 48 h after the procedure, which resolved 
following simple arthrocentesis. A definitive diagnosis was achieved in 16% of the patients where 
synovial tissue was sampled successfully. 
Conclusion. US-guided synovial biopsies in clinical practice can be performed safely on patients 
with undifferentiated arthritis and with heterogeneous presentations. The rate of success in acquiring 
synovial tissue is high. The procedure usually retrieves quality tissue and leads to a definite diagnosis 
in a significant minority of patients. (J Rheumatol First Release October 15 2016; doi:10.3899/ 
jrheum.151441) 

 
Key Indexing Items: 
BIOPSY SYNOVIAL MEMBRANE 
DIAGNOSIS 

 
ULTRASONOGRAPHY 

EARLYARTHRITIS 

 
Synovial tissue is the principal target and end organ involved 
in the pathogenesis of multiple articular disease processes1,2. 
Synovial tissue analysis has been widely used for basic 
science and translational and clinical research. Moreover, 
synovial assessment allows for the study of many aspects of 
disease processes including pathogenesis3, the identification 
of the relevant target’s clinical features4, diagnosis, and 
prognosis5, as well as assisting in assessments of response to 
treatment6,7,8. 

Histological and immunohistological synovial assessment 
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is also used as a diagnostic tool9. Indeed, it is especially 
useful for identifying arthritis of an infectious etiology when 
synovial fluid (SF) or blood analysis (Gram, Ziehl) and 
cultures are negative or in cases where empiric antimicrobial 
therapy has been commenced before it has been possible to 
examine the SF10. The bacterial broad range 16S ribosomal 
RNA can also be tracked down by PCR on synovial tissue11. 
The same methods allow identification of fungal, mycobac-
terial, spirochetes, and Tropheryma whipplei in the joint. 
False negatives for monosodium urate crystals and calcium 
pyrophosphate occur frequently at microscopic examination 
of the SF12, and synovial tissue assessment can be helpful 
with typical histological features. Finally, synovial benign 
tumors such as primary or secondary osteochondromatosis 
or villonodular synovitis can be diagnosed as well, showing 
specific macroscopic and histological pattern. 

There are several techniques to obtain synovial tissue from 
the joints. Synovial biopsy was performed by Forestier using 
a needle blindly introduced into the knee joint13. Polley and 
Bickel14 and Parker and Pearson15 described new smaller-dia-
meter needles that have been widely used over the years for 
knee synovial biopsies. Beaulé, et al16 and Parlier-Cuau, et 
al17 then described a technique of synovial biopsy under 
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direct visualization under fluoroscopy with a semiautomatic 
Tru-Cut needle. This technique allows the performance of 
multisite biopsies such as in the hips, shoulders, elbows, 
ankles, and wrists. Synovial biopsies were later performed 
under direct vision using 2 portals through an arthroscope18. 
Although this technique is usually well tolerated9, it remains 
invasive, expensive, and not yet widely available. Moreover, 
it has been shown that microscopic measurements of synovial 
inflammation do not differ between biopsies taken blindly or 
under guided vision19. 

More recently, ultrasound (US)-guided synovial biopsies 
have been developed. Musculoskeletal US is very commonly 
used today, especially for guiding interventional proce-
dures20,21. This technique has the benefit of being low-cost, 
rapidly and easily performed without the need for exposing 
the patient to ionizing radiation, and widely available22. It is 
more practical than arthroscopy for biopsying small joints 
and allows guidance to the thickest synovial zones. 
Moreover, Kelly, et al23 reported that increasing synovial 
thickness on US correlated with increasing grades of 
synovitis on histological examination. However, few studies 
have reported on synovial biopsies performed in routine 
clinical practice24,25. It is unknown whether the success and 
the quality of the biopsy are the same as the one performed 
in a research setting. Finally, their clinical utility is still a 
matter of debate. 

The aims of our study were to (1) determine the rate of 
success in retrieving synovial tissue using US guidance, (2) 
describe the indications for US-guided synovial biopsies in 
the clinical setting, (3) determine how frequently the synovial 
biopsy can lead to a clear diagnosis, and (4) assess the quality 
of the synovial tissue obtained using this technique. 
 
MATERIALS AND METHODS 
Patients and histological diagnosis. We included all patients who underwent 
a US-guided synovial biopsy between February 2007 and December 2014 
in Nantes University Hospital for arthritis without a definite diagnosis based 
on the history, clinical examination, or imaging. Ethics approval was not 
required in accordance with the policy of our institution. During this service 
evaluation study, we collected epidemiological (age, sex) and clinical data 
(clinical presentation, indication, biopsied joint, complications) using a 
standardized form. Final histological diagnosis was reported by 3 patholo-
gists who had an expertise in assessing synovial tissue in a formal report 
based on H&E staining. Patients were followed to determine the clinical 
course of their symptoms. 
US-guided synovial biopsies. Synovial biopsies were performed under US 
guidance using a Philips HD11 XE US machine and a 7–13 MHz transducer 
from Philips Healthcare. They were performed in an outpatient and inpatient 
setting depending on the patient’s presentation. All patients underwent a 
thorough assessment of the joint to be biopsied. Vascular and nervous struc-
tures nearby were identified and synovial thickness was assessed. 

All the biopsy procedures were performed by 1 operator (BLG) who had 
an expertise in US examination under sterile technique (wearing gown, 
sterile gloves, mask, and a surgical cap). Skin disinfection was processed 
with a 5-step protocol using iodine polyvidone or antibacterial cleanser if 
the patient had a history of iodine allergy. The joint was draped and a sterile 
field was generated. The transducer was covered with sterile gel and sterile 
sheath. Anesthesia was performed, injecting 5 to 10 ml of lidocaine 2% in 

 

the subcutaneous tissue and up to the joint capsule. If an effusion were 
present, SF was withdrawn and sent to the laboratory for cell count, crystal 
microscopy, bacteriological, mycobacteriological, and/or fungal analysis 
depending on the patient’s clinical history and features. A semiautomatic 
guillotine biopsy Tru-Cut needle from Temnos was used for all the biopsies. 
The caliber used was 16-gauge for small and intermediate joints or 14-gauge 
for large joints such as the hips, shoulders, and knees. Coaxial needle was 
inserted under US guidance through the skin until it reached the articular 
cavity. The coaxial needle was positioned in intimate contact with the 
synovium. The semiautomatic guillotine biopsy Tru-Cut needle was then 
inserted through the cannula of the coaxial needle, still under US guidance. 
Once positioned within the zone of interest of the synovial tissue, the Tru-Cut 
needle was triggered, collecting a piece of synovial tissue according to the 
size of the joint. This Tru-Cut needle was repeatedly inserted through the 
coaxial needle and triggered to obtain the appropriate number of samples. 
Then, these 2 needles were removed and a bandage was applied. Patients 
were recommended to have 48 h of rest after the procedure. 

Depending on the indication of the biopsy and the size of the joint, 3 to 
8 biopsies were performed per procedure and sent for bacteriological, 
mycobacteriological, and/or fungal examination in appropriate laboratories. 
At least 1 sample was fixed in formalin 4%, embedded in paraffin, and sent 
to the pathology laboratory. When the clinical history was relevant, extra 
samples were sent for universal bacterial PCR (ARN 16S), universal fungal 
PCR (ARN 18S), and T. whipplei or Lyme PCR. 
Analysis of the quality and quantity of the synovial tissue retrieved during 
synovial biopsies. All the synovial biopsies were blindly read by 1 rheuma-
tologist (AN). These characteristics were assessed in a standardized manner 
with NDP viewer software: the number of samples per patient; the presence 
or absence of synovial tissue; the presence or absence of a synovial lining 
layer; the length, width, and total area of the biopsy (mm2); and the area of 
proper synovial tissue (mm2). These findings were compared with the histo-
logical findings described in the pathology reports, which were the gold 
standard. In case of disagreement between rheumatologist and pathologist, 
an expert reader (DV) was responsible for the final decision. We considered 
the biopsy successful when synovial tissue was seen at the histological 
examination. Good quality was defined as the following: sufficiently sized 
(> 0.5 mm2)26 preserved tissue allowing assessment by pathologists and 
presence of lining layer. 
Statistical analysis. Mean and median were used to describe quantitative 
data according to their Gaussian distribution. Number and percentage were 
used to report qualitative data. Fisher’s exact test had been used to compare 
percentage. coefficient calculation was used to assess the interobserver 
reliability for histological analysis. A p value < 0.05 was considered as statis-
tically significant. All statistics were made through GraphPad Prism 6.0 
software. 
 
RESULTS 
Patient characteristics. Seventy-four patients underwent 76 
US-guided synovial biopsy procedures. Demographic and 
clinical features of patients included in our study are shown 
in Table 1. Mean age was 57 years (range 13–86 yrs) and 
there were 39 men (52.7%). Most of the patients presented 
with an undifferentiated chronic monoarthritis (54.1, n = 40). 
The number of joints and their percentages among the patients 
were as follows: 46 knees (60.5%), 6 ankles (8%), 6 wrists 
(8%), 5 shoulders (7%), 4 hips (5%), 2 elbows, 2 sterno-
clavicular joints, 2 metatarsophalangeal joints, 1 pubic 
symphysis, 1 acromioclavicular joint, and 1 peroneal teno-
synovitis. Patients were mainly referred to rule out the 
diagnosis of septic arthritis (82.4%, n = 61). 
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Table 1. Demographic and clinical features of the patients. Values are n (%) 
unless otherwise specified. 
 
Variables Values 
 
Female 35 (47.3) 
Male 39 (52.7) 
Age, yrs, mean (range)                                          57 (13–86) 
Indications 

Undifferentiated chronic monoarthritis 40 (54.1) 
Acute monoarthritis 18 (24.0) 
Chronic undifferentiated oligoarthritis                 7 (9.3) 
Chronic polyarthritis                                            6 (8.0) 
Chronic bursitis                                                    1 (1.3) 
Chronic tenosynovitis                                           1 (1.3) 
Acute polyarthritis                                                1 (1.3) 

 
 
 
US-guided biopsy procedure was safe and successful. 
Overall, 62 of the 76 biopsies (81.6%) yielded synovial tissue 
according to the pathologists’ analysis. Within these 62 
biopsies, the main histological finding was a nonspecific 
inflammatory mononuclear cell infiltrate (lymphocyte, 
monocytes, and plasma cells; 81%, n = 50). A mild neutrophil 
infiltrate was seen in 24 (50%) of these biopsies. Eight (13%) 
biopsies showed specific histological lesions (Figure 1). A 
major neutrophil cell infiltrate consistent with a septic 
arthritis was found in 2 cases. Two biopsies showed a 
synovial infiltration of positive Perl’s siderophages (villo-
nodular synovitis). One biopsy showed vascular and inter-
stitial deposits of Sirius red staining protein consistent with 
amyloid light-chain amyloidosis. One biopsy contained tophi 
surrounded by lymphocytes and giant cells. One biopsy found 
dystrophic cartilage inside the synovial tissue, consistent with 
synovial osteochondromatosis. One biopsy showed an 
articular localization of lymphoma. Four biopsies retrieved 
normal synovial tissue without any inflammatory cell infil-
trate (Table 2). 

The 14 failed biopsies occurred in both small and large 
joints. Percentages of failed biopsies per joint were as 
follows: glenohumeral joints (n = 3/5, 60%), ankle (n = 3/6, 
50%), hip (n = 2/4, 50%), wrist (n = 2/6, 33.3%), elbow (n = 
1/2, 50%), sternoclavicular joint (n = 1/2, 50%), and knees 
(n = 2/46, 4.3%). In case of failure, histological analysis 
showed mainly connective and adipose tissue in 10 cases, 
fibrin and leukocytes in 3 cases, and tendon in 1 case. 
Tolerance per procedure was excellent. One patient taking 
acetyl salicylic acid at the time of the biopsy presented with 
a hemarthrosis 48 h after the procedure, which resolved 
following arthrocentesis within 1 week. 

Overall, 10 (16.2%) definitive diagnoses were made based 
only on histological or PCR analysis of synovial tissue. 

Longterm followup (mean 34.9 mos, range < 1 mo to 96 
mos) and final diagnosis were available for 67 of the 74 
patients, and 7 were lost to followup (Table 3). No patient 
has since been diagnosed with an infectious arthritis or villo- 

nodular synovitis or developed any complication of the 
biopsy procedure. In 3 of the cases where the diagnosis 
remained unclear despite the US-guided biopsy and in 2 cases 
of failed biopsy, patients underwent secondary procedures. 
One of them had an arthroscopic examination after the US-
guided biopsy and 4 of them had an open synovectomy. One 
synovectomy allowed a diagnosis of chondrocalcinosis on 
pathological examination. 
Quality and quantity of the synovial tissue retrieved after 
US-guided synovial biopsies. Finally, the synovial tissue 
retrieved was assessed for quality and quantity. For this 
purpose, we analyzed the histological characteristics per 
sample retrieved during the procedure (Figure 2). The median 
number of samples taken per patient was 1 (interquartile 
range 1–3), leading to a total of 125 samples available for 
analysis. Mean length and width of the biopsy samples were 
6.34 mm (± 3.60) and 1.70 mm (± 0.77), respectively. The 
mean total area of the samples was 8.77 mm2. 

Biopsies showed synovial tissue at the histological exami-
nation in 102 samples (80.1%). The average area of synovial 
tissue in these samples was 6.36 mm2, corresponding to 
72.5% of the total area of biopsied tissue. The other types of 
tissue present on these biopsies were connective tissue in 101 
cases (80.8%), adipose tissue in 42 cases (33.6%), tendon in 
14 cases (11.2%), and fibrin in 24 cases (19.2%). The 23 
samples retrieving no synovial tissue were composed of 
fibrin in 15 cases (12%), conjunctive and adipose tissue in 
17 cases (13.6%), tendinous tissue in 3 cases (3.15%), 
cartilage in 3 cases (3.15%), and muscle in 1 case (0.8%). 

Synovial lining layer was found in 92.6% of the successful 
biopsies. 

We compared our histological final findings regarding 
presence or absence of synovial tissue with those of the 
pathologist and found 97.1% of agreement. Interobserver 
reliability for presence/absence of synovial tissue was high, 
with a ê coefficient of 0.90 (95% CI 0.763–1.000). 
 
DISCUSSION 
Because synovial tissue analysis has been mostly used for 
research purposes, our study highlights the potential 
diagnostic involvement of synovial biopsy in routine clinical 
practice. To develop this technique in clinical practice, the 
patient needs to be offered a well-tolerated technique with an 
acceptable rate of success. 

To date, 2 different techniques of US-guided synovial 
biopsies have been described. Both have been shown to be 
safe and well tolerated by the patients22. The first method 
requires a single portal with a flexible or rigid biopsy forceps. 
The portal is directly introduced inside the joint to perform 
biopsies27. The second technique, as outlined above, requires 
an empty coaxial needle that is inserted inside the joint and a 
semiautomatic guillotine-type needle that is inserted through 
the coaxial. The procedure is not painful after local anesthesia 
and once the coaxial needle is settled, and this technique 



	 47	

	

	

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Synovial biopsies of 5 specific histological lesions. (A) Fibrin deposits with neutrophils infiltrate (asterisk). Septic arthritis. (B) 
Villonodular synovitis. H&E staining showing siderophages (arrowhead). (C) Villonodular synovitis with Perl’s staining showing 
siderophages (arrowhead). (D) Cell infiltrate within synovial tissue in an articular lymphoma. (E) Amyloids (crosses) revealed by Sirius red 
staining. Amyloid light-chain amyloidosis. (F) Micro tophi surrounded by giant cells and lymphocytes (arrow) leading to gout diagnosis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Example of the sample histological analysis. Black line is the global area 
measurement, red line is the width measurement, and white line in the length 
measurement. 
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Table 2. Histopathological analysis. 
 
Histopathological Findings No. Biopsies 
 
Normal synovium                                                                         4 
Inflamed synovium                                                                     50 

Cell infiltrate: 
Lymphocytes 50 
Plasma cells 22 
Neutrophils 24 

Specific lesions 8 
Villonodular synovitis, shoulder and knee 2 
Infectious arthritis* 2 
Amyloid arthritis, knee 1 
Articular localization of mantle B cell lymphoma, ankle 1 
Gout, first MTP 1 
Osteochondromatosis, knee 1 
Failure                                                                                    14 

 
* Two infectious arthritis sites (hip, ankle) treated on typical histological 
aspect with no relapse after 6 weeks of empiric antibiotics. MTP: metatar-
sophalangeal. 

 
Table 3. Overall final diagnosis after followup. Values are n (%). 
 
Final Diagnosis Values 
 
Rheumatoid arthritis 7 (9.5) 
Ankylosing spondylitis 2 (2.7) 
Psoriatic arthritis 5 (6.8) 
Degenerative arthropathy                                             12 (16.2) 
Crystal arthropathy 4 (5.4) 
Chondrocalcinosis 2 (2.7) 
Gout 3 (4.1) 
Villonodular synovitis 2 (2.7) 
Osteochondromatosis 1 (1.4) 
Giant cell arthritis 1 (1.4) 
Behçet disease 1 (1.4) 
Latent infectious arthritis 4 (5.4) 
Others 2 (2.7) 
Undifferentiated arthritis                                              21 (28.4) 
Lost to followup 7 (9.5) 
Total                                                                              74 (100) 

 
 
allows retrieving several biopsies during the same procedure 
without moving the coaxial needle. To our knowledge, 5 
other studies reporting their experience of US-guided 
synovial biopsies have been published to date. Two reported 
their experience using the first technique27,28, 1 a technique 
using semiautomatic guillotine-type needle without coaxial 
needle23, and 2 using the second technique outlined 
above24,25. 

The success rates in retrieving synovial tissue described 
by other authors vary from 89% to 100%23,25,27,28,29. The rate 
of success in our cohort was slightly lower, for several 
possible reasons. Our patients comprised a heterogeneous 
group regarding clinical features and the joints that were 
biopsied. There were also minor differences in techniques in 
2 of the studies referended above. Moreover, no biopsies 
were done prior to 2007 in our center and 43% of the failures 

occurred within the first 18 months (6 of the 14 total failed 
biopsies), especially in more challenging joints such as the 
ankles, wrists, hips, or shoulders. This might correspond to 
the operator learning curve. However, our success rate 
remains equivalent to the highest rates described for synovial 
biopsies with blind needle (48%–85%)30. 

In our study, patients were referred mostly by their general 
practitioner or their rheumatologist with no clear diagnosis 
despite multiple punctures for SF analysis and computed 
tomography (CT) scans or magnetic resonance imaging 
(MRI). Because low-grade infection often evolves in chronic 
arthritis with joint destruction, it is very important to pursue 
atypical germs such as tuberculosis, fungi, T. whipplei, and 
Borrelia burgdorferi. Moreover, some of the more common 
bacteria can be responsible of low-grade infection in some 
rheumatic patients because of immunosuppression. In all 
these situations, the biopsy allows a quick bacteriological 
examination with Gram staining, then later culture and PCR 
analysis for atypical organism. Indeed, 2 patients were 
diagnosed with Lyme and articular Whipple disease by PCR 
analysis. Interestingly, the Whipple PCR that was performed 
on the SF collected during procedure was negative. There is 
1 previously reported similar case in which SF PCR failed to 
demonstrate the presence of T. whipplei, but the synovial 
tissue PCR was positive31. 

Bacterial culture in both SF and synovial membrane is a 
key method for septic arthritis diagnosis. However, using 
those methods, infectious agents were isolated in only 41.2% 
of the patients (38.7% of SF and 23.5% of synovial 
membrane positive cultures)32. Therefore, histological 
synovial cell infiltrate analysis is also relevant for septic 
arthritis assessment. A neutrophilic cellular infiltrate has been 
shown to be highly associated with septic arthritis33. That 
presence inside the synovial tissue is considered sufficient 
for the diagnosis of septic arthritis. Regarding our data, the 
diagnosis of septic arthritis was established following the 
histological examination of 2 patients. Interestingly, after 
empiric antimicrobial therapy began in these 2 patients, no 
relapse occurred within at least 6 years of followup for both. 
Our analysis can also be useful in fibrocartilaginous joints 
(acromioclavicular, pubic symphysis), in which fluid is rarely 
found even in cases of inflammation. Further, we can 
conclude from our data that no patient of our cohort has been 
further diagnosed with infectious arthritis. This technique 
can, therefore, be considered reliable to rule out septic 
arthritis assessment, thus permitting local treatments such as 
steroid injections. 

More rarely, synovial biopsy can be performed for 
synovial tumor assessment, especially villonodular synovitis 
or osteochondromatosis. The 2 patients in our cohort 
diagnosed with villonodular synovitis underwent surgical 
synovectomy. The histological examination of the tissue 
confirmed those findings. 

For the biopsy to be useful in clinical practice, the quality 
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of the biopsies retrieved has to be good. Quality of a synovial 
biopsy has been defined for research recently23; however, no 
definition has yet been given for the clinical setting. In our 
study, we defined good quality as the following: sufficient 
size defined by synovial tissue area > 0.5 mm2, preserved 
tissue allowing assessment by pathologists, and presence of 
lining layer. In our cohort, the quality was good enough to 
allow a histological examination in all biopsies retrieving 
synovial tissue. Lining layer was found in 92.2% of the cases. 
In some instances, the lining layer could be identified but was 
not connected to the main biopsy. This separation may have 
occurred during tissue processing or may represent separation 
due to fibrin deposition in case of ulcerative synovitis. 

No study has thus far demonstrated a predictive clinical 
value for histological findings in identifying those with early 
arthritis or those who will go on to have an aggressive disease 
course6,9,10. Indeed, multiple studies tried to match histo-
logical cell infiltrate patterns with different rheumatologic 
conditions. There are undeniable differences between 
rheumatoid arthritis (RA) and psoriatic arthritis (PsA)34,35, 
RA and ankylosing spondylitis (AS)36, and RA and osteo-
arthritis (OA)37,38. OA synovial membrane is known to show 
less inflammatory infiltrate and less vascularity than its 
inflammatory counterparts in RA, PsA, and AS. RA 
synovium has shown a higher number of B cells and more 
rarely ectopic follicles, helping in the diagnosis. The 
high-grade synovitis features are more consistent with RA39. 
However, despite those differences, no algorithm is able to 
predict the evolution in early arthritis33. 

Given this, the histopathologist was rarely able to 
determine the type of inflammatory arthritis. However, by 
ruling out or confirming infectious arthritis or synovial tumor, 
it is clear that US-guided synovial biopsy is helpful for 
patients with remaining unknown diagnosis despite SF 
analysis, radiograph, CT scan, and/or MRI examinations. In 
our setting, synovial biopsies allowed the treatment of some 
patients by providing a definite diagnosis. They also indicated 
the use of systemic immunosuppressive or local therapies 
such as intraarticular steroid injections. 

We acknowledge that our work has limitations, such as 
the monocentric design of our study. The biopsies were 
performed by a trained investigator, and the pathologists in 
our center had expertise in biopsy assessment. This could be 
a limit for the generalization of those results. Although all 
patients had 3 to 8 biopsies taken, 55% of them had a single 
fragment sent to the pathology department. This might be 
another limitation. 

Finally, one of the main concerns about any procedure is 
its tolerance. In our cohort, 1 patient treated with salicylic 
acid presented with knee hemarthrosis 48 h after the 
procedure. Overall, in our cohort, the adverse effects rate was 
1.35% (95% CI –1.3 to 4.0, 1/74) and no severe adverse event 
occurred (life-threatening, leading to patient admission to 
hospital, or with a risk of sequelae). The arthroscopic biopsies 

have the advantage to be retrieved under direct vision and 
therefore allow a histological analysis of the inflamed areas 
within the joint. However, this procedure is more invasive 
and has multiple adverse effects (joint infection, wound 
infection, hemarthrosis, deep venous thrombosis, neuro-
logical damage, thrombophlebitis)40. 

Our study highlights the potential diagnostic involvement 
of synovial biopsy. To our knowledge, ours is the first study 
describing indications, tolerability, rate of success, diagnosis 
involvement, and quality of US-guided synovial biopsy in a 
clinical setting. US-guided synovial biopsy was performed 
in clinical practice in a heterogeneous population with variant 
clinical features. The success rate of the procedure remains 
high, with only rare and minor complications; 13.3% 
achieved a definitive diagnosis leading to a specific 
treatment. In other patients, we could rule out the diagnosis 
of septic arthritis. Therefore, this procedure should be used 
not only for research purposes but also routinely in undiffer-
entiated arthritis. 
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RESUME  
 
Objectifs : L’étude histologique de la membrane synoviale est utile non seulement en 
physiopathologie mais aussi pour l’évaluation de la réponse thérapeutique dans les 
rhumatismes inflammatoires chroniques. L’échographie est un outil largement utilisé qui 
permet un guidage précis lors des procédures de biopsies notamment de la membrane 
synoviale. Les objectifs de notre étude étaient : de déterminer le taux de succès de la 
technique de biopsie synoviale échoguidée, de décrire les indications de ces biopsies 
synoviales en pratique courante, de déterminer les situations cliniques dans lesquelles la 
réalisation de biopsies synoviales échoguidée était la plus rentable, et enfin de déterminer la 
qualité de tissu synovial obtenu à l’aide de cette technique. 
Méthodes : Des biopsies synoviales échoguidées ont été réalisées au sein du service de 
Rhumatologie du CHU de Nantes de février 2007 à Décembre 2014 en utilisant un trocard à 
biopsie de type guillotine semi-automatique avec coaxiale. La procédure était considérée 
comme réussie lorsque du tissu synovial était visualisé à l’examen anatomopathologique. 
Résultats : Soixante-seize procédures concernant soixante-quatorze patients présentant un 
tableau de mono ou polyarthrite sans étiologie retrouvée malgré les examens 
complémentaires ont été analysées. 
Le taux de succès de la procédure de biopsie synoviale échoguidée était de 81.6% (62/76). 
En terme de tolérance, un patient traité par acide acétyl-salicylique a présenté une 
hémarthrose 48 heures après la procédure, résolutive après ponction évacuatrice. La 
procédure de biopsie synoviale échoguidée a permis d’obtenir un diagnostic définitif chez 
16% des patients. 
Conclusion : La procédure de biopsie synoviale échoguidée est globalement sûre et bien 
tolérée en pratique courante, avec un taux de succès élevé. Dans la grande majorité des cas, 
le tissu synovial prélevé est de qualité satisfaisante, permettant une analyse 
histopathologique. Chez une minorité significative de patients porteurs d’une mono ou 
polyarthrite d’étiologie inconnue malgré les examens complémentaires, la biopsie synoviale 
permet un diagnostic de certitude conduisant à un traitement adapté.  
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