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Abstract 

Objective: To study the efficacy, tolerability, safety and sampling variation of ultrasound 

(US)-guided synovial biopsies performed in clinical practice and research.  

Methods: We included all patients having an US-guided synovial needle biopsy from 

November 2013 to January 2018. Patients were evaluated for procedure safety and 

tolerability. Usefulness of synovial biopsy was considered based on contribution for 

achieving the proposed aims. We analyzed samples for presence and quality of synovial 

tissue, synovitis score/grade and pathotype. Variation across patients, samples, section levels 

and sampling order was assessed.  

Results: Sixty-four US-guided synovial biopsies were performed (clinical practice n=52, 

research n=12). Patient tolerability (70% no/mild discomfort) was remarkably high. There 

was no significant aggravation of biopsied joint symptoms or US synovitis. Procedures were 

overall safe, with few minor, two moderate and no major adverse events. Usefulness of US-
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guided synovial biopsies was high, both in clinical practice (37% direct diagnostic impact, 

100%/95% positive/negative predictive values for infection) and in research (92% success). 

Synovial tissue was retrieved in 88% of biopsies, with a median of 75% gradable samples. 

There was significant variation in sample quality and synovitis features across patients and 

samples, but not between different section levels. Samples collected later in the procedure 

had a lower frequency of synovial tissue and were poorly concordant in pathotype with those 

collected earlier. 

Conclusion: US-guided synovial needle biopsy is an effective, safe, well-tolerated mean to 

collect good quality synovial tissue for clinical and research purposes. Samples collected for 

different aims should be retrieved in parallel, rather than sequentially. 

Significance and Innovations 

 Synovial biopsy is an important tool with high utility for the study of synovitis in clinical 

practice and research. 

 Ultrasound (US)-guided synovial needle biopsy is a safe, well-tolerated technique that 

allows for effective collection of good quality synovial tissue in all types of joints, which 

can be performed by rheumatologists with experience in US-guided procedures. 

 Sample quality and synovitis features vary greatly across patients, individual samples and 

sampling order. 

 When collecting synovial tissue for different purposes, clinicians and researchers should 

aim to do so simultaneously throughout the procedure, rather than sequentially, in order 

to avoid heterogeneity in quality and other characteristics, to uniformize sample 

collection and to provide a full picture of the synovitis process.  
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Introduction  

Despite significant advances in the diagnosis and management of inflammatory joint 

diseases, synovial tissue study still retains a fundamental role for better understanding 

synovitis in both clinical practice and research (1–3). In the context of undifferentiated 

arthritis (UA) or unexplained synovitis in patients with an established rheumatic disease, 

when arthrocentesis and other standard imaging and laboratory exams are inconclusive, 

analysis of the synovial tissue may help to clarify the diagnosis, rule out infection and other 

serious joint diseases (e.g., tumors) (4–6). Moreover, in recent years synovial pathobiology 

has contributed to deep cellular and molecular characterization of heterogeneous diseases 

such as rheumatoid arthritis (RA) and efforts are in progress to identify synovium-based 

biomarkers of prognosis and treatment response, aiming at patient stratification (2,7,8). 

Synovial biopsies have facilitated synovial tissue sampling for several decades now, but most 

techniques are considered too invasive and imprecise (e.g., blind needle biopsies using 

Parker-Pearson needles (9)) or too complex to be performed widely (e.g., arthroscopy) 

(10,11). With the incorporation of ultrasound (US) and US-guided procedures into routine 

clinical care, US-guided synovial biopsies have recently emerged as an attractive alternative 

to allow collection of synovial tissue from a variety of joints in a simple, minimally invasive, 

precise way (12,13). 

US-guided synovial biopsies have been shown to be well tolerated and generate good quality 

tissue in the context of clinical trials (14–17). Recently, Humby et al have shown that US-

guided synovial biopsies performed in a research setting were superior to blind needle 

biopsies and as successful as arthroscopy in reliably retrieving synovial tissue from large and 

small joints (18). Given the importance of expanding this technique to a wider scale, the need 

for more data on the outcomes of US-guided synovial biopsies has been advocated (12,19). 

More specifically, studies performed in routine clinical practice are limited and mainly 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

focused on efficacy and safety (20–25). Thus, tolerability and sample quality data are mostly 

missing in this context. Finally, a number of questions are still a matter of debate, including: 

(i) the minimum and optimal number of samples to be retrieved and analyzed for each aim 

and setting; (ii) the variation of synovitis features across synovial samples and within 

separate sections of the same sample; (iii) the changes in tissue characteristics according to 

timing of collection during the procedure (i.e., later or earlier into the biopsy). 

In this study we report our experience with US-guided synovial biopsies performed in clinical 

practice and research, focusing on several important aspects that contribute to better 

understanding the application and importance of this technique. Our main goals were to 

assess (1) patient tolerability; (2) procedure safety; (3) synovial biopsy usefulness and 

impact; (4) efficacy in obtaining good quality synovial tissue; (5) and synovitis features 

across biopsies, samples and sections, including those collected at different stages during the 

procedure. 

 

Materials and Methods 

Patients inclusion and synovial biopsy indication 

We prospectively included all patients undergoing an US-guided synovial biopsy in the 

Rheumatology Department of Hospital de Santa Maria, for clinical or research purposes, 

from November 2013 to January 2018. Synovial biopsies were performed in patients with 

clinically unspecified forms of synovitis or patients with an established diagnosis and an 

unexplained monoarthritis, where infection or other etiologies were suspected but could not 

be confirmed through arthrocentesis and other routine imaging or laboratory methods. 

Patients with active synovitis participating in synovial tissue-based research studies were also 

evaluated for procedure success, safety and tolerability. Patient informed consent was 

obtained for the US-guided synovial biopsy procedure and for the collection of additional 
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synovial tissue samples for the synovial tissue biobank collection at Biobanco-IMM, Lisbon 

Academic Medical Centre. Ethics approval was obtained from the local ethics committee for 

each research study. 

 

US-guided synovial biopsy procedure and evaluation of tolerability and safety 

The synovial biopsy was performed under US guidance by four different operators with 

extensive musculoskeletal US and US-guided procedures experience (FS, JPP, RB) or 

specific training on US-guided synovial biopsies (VCR). We used the technique previously 

described by Kelly et al (14), with a GE Logiq E9 (ML6-15-D and L8-18i-D probe) or GE 

Logiq e (12L-RS probe) machine (GE Healthcare, Chicago, Illinois, United States) and a 16G 

Speedybell semiautomatic guillotine-type biopsy needle (Biopsybell, Mirandola, Italy) 

without outer coaxial needle. Greyscale (GS) and power Doppler (PD) synovitis of the 

biopsied joint were classified on a semi-quantitative scale of 0-3, in accordance with 

EULAR-OMERACT definition (26,27), prior to and after the biopsy. 

In clinical practice we collected a minimum of 4-5 and 5-6 samples for microbiological 

analysis and histological examination, respectively. If the patient consented, we further 

retrieved samples for biobank storage including 4-6 samples for paraffin embedment, RNA 

extraction and freezing, in this order. The total number of samples collected was registered. 

To evaluate biopsy tolerability and safety patients underwent clinical and ultrasound 

examination and a standardized questionnaire was applied prior to and 5-10 days after the 

biopsy. Patient-reported outcomes (PRO) were obtained for biopsy joint symptoms, 

immediate tolerability, discomfort/pain during the procedure and likelihood to repeat it. 

Analgesic/anti-inflammatory intake following the biopsy was collected. We recorded 

immediate adverse events occurring during the biopsy and others of specific interest, 
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including joint or skin infection, haemarthrosis, deep vein thrombosis and neurovascular or 

tendinous-ligament damage.  

 

Usefulness and clinical impact of synovial biopsies 

Synovial biopsy samples performed in clinical practice were independently analyzed by 

experienced pathologists in the assessment of synovial tissue (EV, RL). We reviewed the 

findings reported, including specific aspects (e.g., crystal deposition or intense neutrophil-

rich acute synovitis suggestive of septic arthritis), and assessed the impact of these results in 

clarifying diagnosis. The same was performed for microbiology results. We also reviewed the 

outcome of all patients concerning the final diagnosis established by the attending 

rheumatologist. Finally, research biopsies were considered to be useful if study goals related 

to synovial tissue were met. 

 

Histological evaluation of synovial tissue 

We retrieved the H&E-stained synovial tissue slides from the Pathology Department and 

Biobanco-IMM and scanned them for sample quality analysis (using NDP.view 2.6.13, 

Hamamatsu Photonics, Hamamatsu, Japan). Samples were assessed for the presence of 

synovial tissue, which was considered gradable if the lining layer was present. We evaluated 

the frequency of biopsies with at least one gradable sample. Additionally, we identified those 

with four or more gradable synovial samples, a number reported to represent the overall 

degree of synovitis (17). We measured the area of synovial tissue, which was compared with 

the total area of retrieved tissue. We calculated the synovitis score (0 to 9) using a previously 

published semi-quantitative score (28), and graded each synovial sample as ‘no synovitis’ ( -

1), ‘low-grade synovitis’ ( - ) or ‘high-grade synovitis’ ( -9). The mean and maximum 

synovitis score/grade were calculated for each biopsy. Furthermore, we classified H&E-
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stained samples according to pathotype, previously described as follicular (with formation of 

lymphoid follicle-like aggregates), diffuse (widespread lymphocyte and macrophage 

infiltration, without lymphoid aggregates) and pauci-immune (few inflammatory cells, 

fibroblast-rich) (7,8). Each biopsy was classified according to the sample with the highest 

degree of organized inflammation (i.e., follicular, diffuse and pauci-immune, in this order). 

In order to assess the variation in sample quality and characteristics across tissue sections we 

analyzed biopsies with additional sections at a deeper level (at least 25-35µm apart) and 

compared different sections of the same sample. Finally, we were able to assess the impact of 

sampling order on tissue quality by comparing samples collected later in the procedure for 

the biobank with the ones retrieved earlier for the Pathology Department. 

 

Statistical analysis 

Patient and biopsy characteristics were represented as mean ± standard deviation or median 

(interquartile range), as applicable. Comparison of pre and post-biopsy assessments and of 

different tissue sections was performed using paired T-test or Wilcoxon signed-ranks test, 

based on normality assessment. To study the variation of synovitis features across patients, 

samples and section levels, we performed nested analysis of variance (ANOVA) and 

estimated variance for each of these parameters. All statistical analyses were performed using 

Stata 12.1 for Mac (StataCorp, College Station, TX, USA) and GraphPad Prism 7 for Mac 

OS X (GraphPad Software, San Diego, USA). P-value was considered significant at p<0.05.  
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Results 

Biopsy and patient characteristics 

Fifty-eight patients (64% female, mean age 59 ± 16 years; Supplementary Table 1) 

underwent 64 US-guided synovial biopsies: 52 for clinical reasons (infection exclusion and 

diagnosis clarification) and 12 for research studies (Table 1). Thirty-one patients had a 

defined rheumatic disease prior to the biopsy, although a significant proportion of patients 

had a diagnosis of UA (n=24). As expected in a clinical practice setting, monoarthritis was 

the main indication for synovial biopsy (66%). Disease flare was the reason for biopsy in the 

12 patients undergoing a research biopsy and in 2 RA patients with poor response to therapy 

and atypical course. All types of joints were biopsied, mostly medium sized (wrist in 41% of 

cases), but also bursae and tendon sheaths (Table 1). Four patients had 2 US-guided synovial 

biopsies (2 clinical, 2 research) and one patient with septic arthritis underwent 3 biopsies. 

 

Procedure tolerability and safety 

Synovial biopsies were well tolerated. Two thirds of patients classified the procedure as easy 

or very easy and 70% stated to have felt no or only mild discomfort (Figure 1A). Importantly, 

willingness to repeat an US-guided synovial biopsy was high, with 74% of patients 

considering it to be likely or very likely (Figure 1A). After a median of 8 days following the 

procedure, there was a significant decrease in visual analogue score (VAS) of pain, swelling 

and stiffness of the biopsied joint (Figure 1B), while US synovitis scores remained similar 

(Figure 1C). None of the patients received a local glucocorticoid injection during the biopsy. 

Thirty-six percent (20/56) of patients reported increased intake of analgesics in the days 

following the procedure. There were no differences in tolerability outcomes according to 

joint, degree of US synovitis or operator. 
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Biopsies were overall safe, with 6 minor immediate adverse events and 7 adverse events 

identified on post-biopsy evaluation (Table 2). There were no cases of haemarthrosis, joint 

infection, periarticular infection or major neurovascular damage. The transient wrist extensor 

paresis due to local anesthesia seen in a patient undergoing an elbow biopsy resolved after 3 

hours. The cases of local hematomas and mild local inflammation all resolved after a few 

days. Two of the post-biopsy adverse events were considered of moderate severity and 

included 2 patients reporting mild limitation of digit extension, with no detectable tendinous 

rupture on US evaluation, which persisted during follow-up. Given the close relation to 

tendon structures in both cases, we consider lesion of tendinous microfibers beyond the 

resolution of the US scan to be the most likely cause for this event, although we cannot 

completely exclude a micro-neurovascular injury.  

 

Clinical and research usefulness of synovial biopsy 

The usefulness of US-guided synovial biopsies in clinical practice and research was high. In 

19 (37%) patients having a synovial biopsy for clinical reasons there was a direct impact of 

the biopsy findings in diagnosis, prognosis and therapeutic guidance (Table 3; Supplementary 

Table 2; Supplementary Figure 1).  

The differential diagnosis of septic arthritis/bursitis was confirmed in 8 cases, through 

identification of intense acute neutrophilic synovitis on histological examination and/or 

isolation of bacteria in culture (Table 3). All of these cases had a high clinical suspicion of 

infection. Two septic patients with acute synovitis of the shoulder/subacromial bursa had 

technically difficult biopsies that did not add significant value (insufficient tissue for 

histological analysis and negative bacteriological exams), but based on the clinical context 

the diagnosis of septic arthritis was, nonetheless, assumed. None of the patients deemed not 

to have infection subsequently required antibiotic therapy or had a late diagnosis of septic 
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synovitis, after a follow-up of 5 months to 4.5 years. This leads to excellent positive (100%) 

and negative (95%) predictive values for infection of combined histological and 

microbiological analysis of US-guided synovial biopsies. 

Thirty-one biopsies (Supplementary Table 2), did not have specific findings but allowed to 

rule out infection and to safely adjust treatment, including glucocorticoid joint injection in 

patients with persistent synovitis. Fifteen out of the 20 patients with UA retained this 

diagnosis after follow-up (2.0 ± 1.1 years, 5 months-3.5 years). Consequently, only 9 of all 

the UA patients biopsied (n=24) evolved to a concrete diagnosis (RA n=5, microcrystalline 

arthritis n=2, synovial chondromatosis n=1, peripheral spondyloarthritis n=1; mean follow-up 

2.1 ± 1.1 years, 9.4 months-4.3 years), and in 4 of these (sensitivity=44%) the biopsy helped 

in establishing diagnosis. 

Concerning the 12 patients having a synovial biopsy for research purposes, all but one (92%) 

generated good quality tissue that allowed research goals to be pursued. This patient, with 

longstanding RA, had a wrist biopsy that was technically complicated and terminated early 

due to dense fibrous pannus proliferation. 

Efficacy of ultrasound-guided synovial biopsies and sample quality 

US-guided synovial biopsies were an effective mean for collecting substantial amounts of 

synovial tissue (17 ± 7 samples (range 3-32) per procedure).  

A mean of 6 ± 2 samples per procedure were available for analysis and a total of 386 samples 

were independently analyzed. Synovial tissue was obtained in 56 (88%) procedures, of which 

53 (95%) generated at least one gradable biopsy sample. A median of 75% (50-100%) of 

synovial tissue samples were considered gradable, with a median number of gradable samples 

of 4 (2-6) per biopsy. Importantly, a significant proportion of biopsies (57% of biopsies with 

at least one synovial sample and 48% of all biopsies) generated at least 4 gradable samples. 

Mean cumulative total sample and synovial tissue areas were 18.4 ± 9.7mm
2 

and 11.6 ± 
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7.2mm
2
, respectively. Synovial tissue area corresponded on average to 66% (median 73%) of 

the total sample area in biopsies with at least one synovium sample. Mean synovitis score per 

sample and per biopsy was 3.4 ± 1.3 and 4.1 ± 1.6, respectively. This corresponded to a 

frequency of low-grade/high-grade synovitis of 77%/23% and 65%/35%, respectively. 

Synovial pathotype was classified as follicular, diffuse or pauci-immune in 22%, 51% and 

27% of biopsies, respectively. 

There was significant variation across patients and between individual samples from the same 

patient in terms of presence of synovial tissue and gradable synovial tissue (Table 4). 

Synovitis score, grade and pathotype also varied significantly between not only patients but 

also samples. In contrast, the variance between different section levels of the same sample 

was much lower for all synovitis features analyzed, compared to that observed between 

patients and samples (Table 4). Indeed, in 35 biopsies with available in-depth sections, the 

mean number and percentage of synovium or gradable samples did not differ significantly 

between levels of analysis (Supplementary Figure 2A). Moreover, mean synovitis score and 

pathotype were also similar, with only one biopsy reclassified from diffuse to follicular due 

to a large lymphoid aggregate not identified in the previous level (Supplementary Figure 

2B,C). 

Regarding the differences of samples collected at an earlier or later stage of the biopsy 

procedure, in 19 biopsies with available data the frequency of synovial tissue samples per 

total samples collected was lower in samples retrieved later in the procedure, whereas the 

frequency of gradable samples per synovial tissue samples was similar (Figure 2A). 

However, a smaller number of samples were collected for biobank compared to those sent to 

pathology (4 ± 1 vs. 6 ± 2, respectively, p=0.005), which might limit comparisons. Of note, in 

two biopsies, synovial tissue was not identified in the samples collected earlier but was 

present and gradable in those retrieved later. In line with this, there was some variability at 
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the individual level in mean synovitis score of samples collected earlier or later in the 

procedure, although overall it was not statistically significant (Figure 2B). Moreover, 

pathotype classification per biopsy was poorly concordant between samples collected at 

different stages of the procedure (Figure 2C). These aspects are important to account for 

when samples from the same patient are collected for separate purposes at different stages of 

the biopsy. 

 

Discussion 

As noted in the Kelly et al landmark study (14), more data from multiple sites is needed to 

confirm the performance of US-guided synovial needle biopsy and our study is the first to 

report a comprehensive assessment of this procedure in both clinical practice and research, 

including evaluation of efficacy, PRO and sample quality. 

In clinical practice, synovial biopsy proved to be a valuable resource for clinicians, who 

frequently requested it in the setting of unexplained synovitis. This included most frequently 

UA (24/52), but also a significant number of refractory monoarthritis in otherwise stable 

established rheumatic patients (19/52). It should be emphasized that in all these cases 

arthrocentesis had been inconclusive or was technically impossible, as in small joints (e.g., 

interphalangeal, naviculocuneiform) or in those without synovial fluid (e.g., sternoclavicular, 

chronic synovitis with profuse synovial proliferation). Biopsy indication and aims were 

consistent with published data and recommendations (1,3,20). Importantly, the US-guided 

approach allowed the study of every type of joint, synovial bursae and tendon sheaths, 

highlighting its added value in comparison with other techniques, that are more dependent on 

the localization of synovitis.  
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The tolerability profile of US-guided synovial biopsies was excellent, in accordance with 

previous studies that formally assessed this technique in a research context (14–16). We 

provide evidence of the remarkable tolerability of this procedure in a clinical setting, in 

several joints and in a different patient population.  

There was no aggravation of joint symptoms or US synovitis following the procedure, 

similarly to what was previously reported in research-driven biopsies (14,16). We 

hypothesize that the slight improvement in symptoms observed, also described in a different 

context (16), may be due to: (i) patient satisfaction with the biopsy procedure (as discussed 

above) and with the overall care and attention paid by the attending physician and biopsy 

operator, as it has been shown that PRO are affected by both the clinical outcome and patient 

satisfaction with the healthcare experience (29,30); (ii) enhanced placebo effect related to the 

biopsy per se, as this tends to be proportional to the invasiveness of a clinical intervention 

(31,32).  

We reported mild adverse events, although slightly more frequent than previously published 

(14,16,20,21,25), and 2 moderate adverse events. Different definitions of reportable adverse 

events may explain these discrepancies and we stress that in our experience most adverse 

events were of little clinical relevance (e.g., minor local bleeding) and there were no severe 

complications (e.g., hemarthrosis, infection). However, we did have two cases of tendon-

related minor injury, that deserve emphasis. Caution should be taken with tendon sheath and 

wrist biopsies (5
th

 extensor compartment) and if retrieving a high number of samples, when 

an outer coaxial needle may be considered. Although we cannot entirely exclude damage to 

the tendon microvasculature and/or microinnervation, this would unlikely lead to clinically-

evident motor deficit, as motor innervation occurs more proximally and collateral 

microcirculation would probably suffice for the low tendon vascular demands (33,34). The 

aims of US-guided synovial biopsies were frequently met. It contributed directly for 
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clarification of diagnosis in a considerable proportion (37%) of patients, highlighting its 

value for the study of synovitis (1,4). Synovial biopsy was particularly relevant for 

confirmation of infection (19%, similar to other series (21)), through bacterial isolation and 

histological identification of intense synovial neutrophil infiltration (35). Sensitivity (80%) 

and specificity (100%) for confirming or excluding septic synovitis were high and enabled 

treatment adjustment in a quicker and safer way. Other specific diagnoses were established 

based on histological analysis, most notably microcrystalline disease, which is in accordance 

with previous series where a coaxial needle was used (20,21). Synovial biopsy contributed to 

diagnosis in 4/24 (17%) of all UA patients in whom standard clinical procedures had been 

inconclusive. Moreover, it had a sensitivity of 44% and a negative predictive value of 75% 

for the identification of UA patients who were eventually diagnosed with a specific rheumatic 

disease, which is relevant given the paucity of predictors of progression of UA (36,37). 

Finally, research goals were also met, as good quality synovial tissue was collected in 11/12 

cases (92%), confirming the  value of this technique in observational and interventional 

studies (17,19). 

We were able to harvest a higher number of samples than most previous studies 

(20,21,23,25), with excellent tolerability and a similar success rate  (14,15,20,21,24,25,38), 

which is in accordance with recommendations (17). This allowed collection of samples for 

different purposes and that a sufficient number of specimens were analyzed and gradable 

synovial tissue retrieved.  

We have shown that sample quality and synovitis features, including synovitis score and 

pathotype, greatly vary across patients and samples, but not section levels of the same block, 

confirming in a different setting and population what had earlier been reported for RA and 

immune-cell infiltration (17,38). This implies that in order to get a full picture of the 

synovitis process a sufficient number of samples should be assessed. 
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Furthermore, to our knowledge we are the first to describe that sampling order is an 

important factor to consider, as the frequency of synovial tissue was lower in samples 

collected later in the procedure, mean synovitis score varied and pathotype classification was 

discordant. This may be explained by the fact that as samples are collected, available 

synovial tissue in a given area decreases, forcing the operator to sample other sites, which 

may prove technically difficult, especially in smaller joints. This decreases the chance of 

retrieving good quality samples, that may also differ in their overall characteristics later in the 

procedure. The direct implication of this is that collecting synovial tissue for different 

purposes may be done better simultaneously throughout the procedure, rather than 

sequentially, in order to avoid obtaining various sets of samples with discordant information.  

Our study has several limitations. Despite being conducted in standard clinical practice or 

specific research setting, we retrospectively retrieved some missing information. Also, in a 

few clinical practice biopsies, follow-up was not always possible (e.g., inpatients with more 

severe complications), resulting in incomplete tolerability and safety outcomes assessment. 

There may be limitations to generalization of biopsies usefulness, considering the 

heterogeneity of the population and small representation of some joints. Quality and efficacy 

measures could be influenced by the slight variation in number of samples collected across 

biopsies, of which only part had different section levels or biobank samples. 

In conclusion, synovial biopsy is an important tool for clinical practice and research. US-

guided synovial needle biopsies are an effective, safe, well-tolerated mean of collecting good 

quality synovial tissue that can be performed by rheumatologists with experience in US-

guided procedures. Considering the wide access to US in current rheumatology practice, this 

is an attractive mean to allow synovial tissue collection at a global scale for clinical and 

research efforts. 

 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

Acknowledgements 

We acknowledge Dr Maria João Gonçalves and Dr Nikita Khmelinskii (Rheumatology 

Department) for the contribution in the follow-up of some of the patients. We thank Nurse 

Lurdes Narciso (Rheumatology Department) for the assistance in all the synovial biopsy 

procedures. We thank Prof Ruy M. Ribeiro (Biomathematics Lab, Faculdade de Medicina, 

Universidade de Lisboa) for his assistance with the statistical analysis. 

 

Author Contributions 

All authors were involved in drafting the article or revising it critically for important 

intellectual content, and all authors approved the final version to be submitted for publication. 

Dr. Fonseca had full access to all of the data in the study and takes responsibility for the 

integrity of the data and the accuracy of the data analysis.  

 

Study conception and design. Romão, Polido-Pereira, Luís, Vieira-Sousa, Humby, Kelly, 

Pitzalis, Saraiva, Fonseca. 

 

Acquisition of data. Romão, Polido-Pereira, Barros, Luís, Vidal, Vitorino, Saraiva, Fonseca. 

 

Analysis and interpretation of data. Romão, Fonseca.  



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

References 

1. Gerlag D, Tak PP. Synovial biopsy. Best Pract Res Clin Rheumatol 2005;19:387–400. 

2. Orr C, Sousa E, Boyle DL, Buch MH, Buckley CD, Cañete JD, et al. Synovial tissue 

research: A state-of-the-art review. Nat Rev Rheumatol 2017;13:463–475. 

3. Vordenbäumen S, Joosten LAB, Friemann J, Schneider M, Ostendorf B. Utility of synovial 

biopsy. Arthritis Res Ther 2009;11:256. 

4. Gerlag DM, Tak PP. How useful are synovial biopsies for the diagnosis of rheumatic 

diseases? Nat Clin Pract Rheumatol 2007;3:248–9. 

5. Bresnihan B. Are synovial biopsies of diagnostic value? Arthritis Res Ther 2003;5:271–8. 

6. Fonseca JE, Canhão H, Resende C, Saraiva F, Costa JC da, Pimentão JB, et al. Histology 

of the synovial tissue: value of semiquantitative analysis for the prediction of joint erosions in 

rheumatoid arthritis. Clin Exp Rheumatol 2000;18:559–64. 

7. Pitzalis C, Kelly S, Humby F. New learnings on the pathophysiology of RA from synovial 

biopsies. Curr Opin Rheumatol 2013;25:334–44. 

8. Astorri E, Nerviani A, Bombardieri M, Pitzalis C. Towards a Stratified Targeted Approach 

with Biologic Treatments in Rheumatoid Arthritis: Role of Synovial Pathobiology. Curr 

Pharm Des 2015;21:2216–24. 

9. Parker RH, Pearson CM. A Simplified Synovial Biopsy Needle. Arthritis Rheum 

1963;6:172–6. 

10. Chaturvedi V, Thabah MM, Ravindran V, Kiely PDW. Medical arthroscopy: A tool for 

diagnosis and research in rheumatology. Int J Rheum Dis 2017;20:145–53. 

11. Gerlag DM, Tak PP. How to perform and analyse synovial biopsies. Best Pract Res Clin 

Rheumatol 2013;27:195–207. 

1 . Lazarou I, D’agostino MA, Naredo E, Humby F, Filer A, Kelly SG. Ultrasound-guided 

synovial biopsy: A systematic review according to the OMERACT filter and 

recommendations for minimal reporting standards in clinical studies. Rheumatology (Oxford) 

2015;54:1867–75. 

13. Sitt JCM, Griffith JF, Wong P. Ultrasound-guided synovial biopsy. Br J Radiol 

2016;89:20150363. 

14. Kelly S, Humby F, Filer A, Ng N, Cicco M Di, Hands RE, et al. Ultrasound-guided 

synovial biopsy: a safe, well-tolerated and reliable technique for obtaining high-quality 

synovial tissue from both large and small joints in early arthritis patients. Ann Rheum Dis 

2015;74:611–7. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

15. Mandelin AM, Homan PJ, Shaffer AM, Cuda CM, Dominguez ST, Bacalao E, et al. 

Transcriptional Profiling of Synovial Macrophages using Minimally Invasive Ultrasound-

Guided Synovial Biopsies in Rheumatoid Arthritis. Arthritis Rheumatol 2018;70:841-54. 

16. 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. 

17. Humby F, Kelly S, Hands R, Rocher V, DiCicco M, Ng N, et al. Use of ultrasound-

guided small joint biopsy to evaluate the histopathologic response to rheumatoid arthritis 

therapy: Recommendations for application to clinical trials. Arthritis Rheumatol 

2015;67:2601–10. 

18. Humby F, Romão VC, Manzo A, Filer A, Bugatti S, Elsa V, 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. 

19. Humby F, Kelly S, Bugatti S, Manzo A, Filer A, Mahto A, et al. Evaluation of minimally 

invasive, ultrasound-guided synovial biopsy techniques by the OMERACT filter - 

Determining validation requirements. J Rheumatol 2016;43:208–13. 

20. Najm A, Orr C, Heymann M-F, Bart G, Veale DJ, Goff B Le. Success Rate and Utility of 

Ultrasound-guided Synovial Biopsies in Clinical Practice. J Rheumatol 2016;43:2113-19. 

21. Sitt JCM, Griffith JF, Lai FM, Hui M, Chiu KH, Lee RKL, et al. Ultrasound-guided 

synovial Tru-cut biopsy: indications, technique, and outcome in 111 cases. Eur Radiol 

2017;27:2002–10. 

22. Lai KL, Chen HH, Wen MC, Chen YM, Lan JL, Chen DY. Minimally invasive 

ultrasound-guided synovial biopsy using supercore biopsy instrument. J Med Ultrasound 

2013;21:132–37. 

23. Vugt RM Van, Dalen A Van, Bijlsma JWJ. Ultrasound guided synovial biopsy of the 

wrist. Scand J Rheumatol 1997;26:212–4. 

24. Marin F, Lasbleiz J, Albert JD, Askri A, Werner-Leyval S, Duval H, et al. Technique et 

évaluation du guidage échographique pour la réalisation de biopsies synoviales. J Radiol 

2006;87:561–5. 

25. Koski JM, Helle M. Ultrasound guided synovial biopsy using portal and forceps. Ann 

Rheum Dis 2005;64:926–9. 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 6. D’Agostino M-A, Terslev L, Aegerter P, Backhaus M, Balint P, Bruyn GA, et al. Scoring 

ultrasound synovitis in rheumatoid arthritis: a EULAR-OMERACT ultrasound taskforce - 

Part 1: definition and development of a standardised, consensus-based scoring system. RMD 

Open 2017;3:e000428. 

27. Terslev L, Naredo E, Aegerter P, Wakefield RJ, Backhaus M, Balint P, et al. Scoring 

ultrasound synovitis in rheumatoid arthritis: A EULAR-OMERACT ultrasound taskforce-

Part 2: Reliability and application to multiple joints of a standardised consensus-based 

scoring system. RMD Open 2017;3:e000427. 

28. Krenn V, Morawietz L, Burmester GR, Kinne RW, Mueller-Ladner U, Muller B, et al. 

Synovitis score: Discrimination between chronic low-grade and high-grade synovitis. 

Histopathology 2006;49:358–64. 

29. Donabedian A. The quality of care. How can it be assessed? JAMA 1988;260:1743-8. 

30. Brent G, Green A, James M, Jeffrey K, Swiontkowski M. Measuring Patient Satisfaction 

in Orthopaedic Surgery. J Bone Joint Surg Am 2015;97:80–4. 

31. Craen AJ de, Tijssen JG, Gans J de, Kleijnen J. Placebo effect in the acute treatment of 

migraine: subcutaneous placebos are better than oral placebos. J Neurol 2000;247:183–8. 

32. Kaptchuk TJ, Goldman P, Stone DA, Stason WB. Do medical devices have enhanced 

placebo effects? J Clin Epidemiol 2000;53:786–92. 

33. Ackermann PW, Bring DK-I, Renström P. Tendon Innervation and Neuronal Response 

After Injury. In: Maffulli N, Renström P, Leadbetter WB, eds. Tendon Injuries. London: 

Springer-Verlag;2005:287–97. 

34. Fenwick SA, Hazleman BL, Riley GP. The vasculature and its role in the damaged and 

healing tendon. Arthritis Res 2002;4:252–60. 

35. Beffa C Della, Slansky E, Pommerenke C, Klawonn F, Li J, Dai L, et al. The Relative 

Composition of the Inflammatory Infiltrate as an Additional Tool for Synovial Tissue 

Classification. PLoS ONE 2013;8:e72494. 

36. Hitchon CA, Peschken CA, Shaikh S, El-Gabalawy HS. Early undifferentiated arthritis. 

Rheum Dis Clin N Am 2005;31:605–26. 

37. van de Sande MGH, Thurlings RM, Boumans MJH, Wijbrandts CA, Modesti MG, Gerlag 

DM, et al. Presence of lymphocyte aggregates in the synovium of patients with early arthritis 

in relationship to diagnosis and outcome: is it a constant feature over time? Ann Rheum Dis 

2011;70:700–3. 

38. Scirè C, 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 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

minimally invasive ultrasound-guided synovial biopsy procedure. Arthritis Res Ther 

2007;9:R101. 

 

 

Tables  

 

 

Table 1 – Baseline diagnosis and biopsy indication and site of patients who had an 

ultrasound-guided synovial biopsy. 
 

Baseline diagnosis N (%) Biopsy indication N (%) Biopsy site N (%) 

UA 

  Monoarthritis 

  Oligoarthritis 

  Polyarthritis 

RA 

PsA 

SpA 

OA 

SLE 

CPPD 

Other 

  Sepsis 

24 (38) 

20 

2 

2 

19 (30) 

4 (6) 

2 (3) 

4 (6) 

1 (2) 

1(2) 

9 (16) 

4 

Chronic monoarthritis 

Acute monoarthritis 

Chronic oligoarthritis 

Chronic polyarthritis 

Flare 

Chronic bursitis 

Acute bursitis 

Acute tenosynovitis 

26 (41) 

16 (25) 

1 (2) 

3 (5) 

14 (22) 

2 (3) 

1 (2) 

1 (2) 

Large joint 

Shoulder 

Elbow 

Hip 

Knee 

Medium joint 

Wrist 

Ankle 

Small joint 

MCP 

MTP 

PIP 

17 (27) 

2 

7 

3 

5 

35 (55) 

26 

9 

7 (11) 

1 

2 

2 
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  Previous SA 

  Psoriasis 

  Femoral AVN 

  HCV 

2 

1  

1 

1 

Naviculocuneiform 

Sternoclavicular 

Bursa 

Subacromial 

Tendon sheath 

1
st

 EC wrist 

1 

1 

4 (6) 

4 

1 (2) 

1 

AVN, avascular necrosis; CPPD, calcium pyrophosphate deposition disease; Dx, diagnosis; EC, extensor 

compartment; HCV, hepatitis C virus; MCP, metacarpophalangeal; MTP, metatarsophalangeal; OA, 

osteoarthritis; PIP, proximal interphalangeal; PsA, psoriatic arthritis; RA, rheumatoid arthritis; SA, septic 

arthritis; SLE, systemic lupus erythematosus; SpA, spondyloarthritis; UA, undifferentiated arthritis. 
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Table 2 – Adverse events identified during and after ultrasound-guided synovial needle 

biopsies. 

Adverse event N (%) 

Immediate adverse events 

- Minor local bleeding 

- Transient wrist extensor paresis (radial nerve block 

from local anaesthesia)
a
 

6 (9) 

5 

1 

Other adverse events 

- Local haematoma
b
 

- Mild local inflammation on puncture site
c
 

- Mild digit extension limitation 

     Hand digit 5
c
 

     Hand digit 1
d 

7 (11) 

3 

2 

2 

1 

1 

aElbow biopsy; bElbow (2) and ankle biopsies; cWrist biopsy; d1st extensor compartment of 

the wrist tendon sheath. 
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Table 3 – Specific biopsy findings and diagnosis established after US-guided biopsy of 19 

patients. 

 

 

 

 

Specific biopsy findings N (%) Post-biopsy diagnosis N (%) 

Intense acute synovitis (neutrophil inf.) 

Crystals 

  Calcium pyrophosphate 

  Sodium monourate 

  Basic calcium phosphate 

Rheumatoid nodule 

Synovial chondromatosis 

Foreign body synovitis 

Intense chronic lymphoid synovitis  

Chronic synovitis compatible with PsA 

Positive microbiology culture 

  MSSA 

  Streptococcus mitis 

5 (26) 

6 (32) 

3 

1 

2 

1 (5) 

1 (5) 

1 (5) 

1 (5) 

1 (5) 

4 (21) 

3 

1 

Septic  

  Arthritis 

  Bursitis 

Microcrystalline  

  CPPD 

  Gout 

  Basic calcium phosphate
a
 

RA  

PsA 

Rheumatoid nodule 

Synovial chondromatosis 

Foreign body synovitis 

8 (42) 

7 

1  

6 (32) 

3 

1 

2 

1 (5) 

1 (5) 

1 (5) 

1 (5) 

1 (5) 

a
Milwaukee shoulder (n=1) and RA with microcrystalline component (n=1). CPPD, calcium pyrophosphate 

deposition disease; inf, infiltrate; MSSA, methicillin-sensitive Staphylococcus aureus; PsA, psoriatic arthritis; 

RA, rheumatoid arthritis. 
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Table 4 – Analysis of variance of synovium and synovitis features across patients, samples 

and section levels. 

  F-statistic P-value Variance estimate (95% CI) 

Synovium 

Patient 4.81 <0.001 0.09 (0.06-0.15) 

Sample 14.39 <0.001 0.09 (0.07-0.11) 

Level - - 0.01 (0.01-0.01) 

Gradable synovium 

Patient 2.48 <0.001 0.05 (0.02-0.10) 

Sample 8.04 <0.001 0.13 (0.10-0.16) 

Level - - 0.03 (0.02-0.04) 

Synovitis score  

Patient 5.99 <0.001 1.40 (0.83-2.33) 

Sample 9.16 <0.001 0.87 (0.66-1.16) 

Level - - 0.20 (0.15-0.25) 

Synovitis grade 

Patient 4.93 <0.001 0.11 (0.07-0.20) 

Sample 4.88 <0.001 0.09 (0.07-0.13) 

Level - - 0.04 (0.03-0.06) 

Pathotype  

Patient 6.49 <0.001 0.49 (0.30-0.80) 

Sample 5.75 <0.001 0.28 (0.21-0.37) 

Level - - 0.11 (0.09-0.13) 

F-statistic, p-value and variance estimation of nested analysis of variance (ANOVA) models with presence 

of synovium/gradable samples (0-1), synovitis score (0-9), synovitis grade (0-2) and pathotype (0-2) as the 

dependent variables and patient, sample and section levels as independent variables.  
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Figures Legends 

Figure 1 – Tolerability and variation of joint symptoms and US-synovitis following 

ultrasound-guided synovial biopsies. 

 

(A) Relative frequency (percentage) of patients’ classification of immediate post-biopsy 

tolerability (n=54), discomfort felt during the biopsy (n=54) and likeliness to repeat an 

ultrasound-guided synovial biopsy (n=51). (B) Patient visual analogue scale (VAS) 

classification of pain, swelling and stiffness of the biopsied joint before and after the 

ultrasound-guided synovial biopsy (n=46). **p < 0.01; ***p < 0.001. (C) Ultrasound 

greyscale and power Doppler synovitis grade of the biopsied joint before and after the 

ultrasound-guided synovial biopsy (n=41). 

 

 

Figure 2 - Sample quality, synovitis score and pathotype according to timing of sample 

collection.  

 

(A) Mean (standard deviation) relative frequency of synovial (per total) and gradable (per 

synovium) samples according to timing of retrieval (earlier or later in the procedure; n=19). 

*p < 0.05. (B) Mean synovitis score of each individual patient in samples collected earlier or 

later in the procedure (n=11). (C) Pathotype classification of each biopsy/patient according to 

timing of retrieval (earlier or later in the procedure; n=19). Each dot represents a 

biopsy/patient. Green and red squares correspond to concordant and discordant classification 

between sampling timing, respectively. Kappa coefficient for classification agreement. 
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