
  1Coletto LA, et al. RMD Open 2024;10:e003705. doi:10.1136/rmdopen-2023-003705

ORIGINAL RESEARCH

Intensive training programme for 
ultrasound- guided minimally invasive 
synovial tissue biopsy on knees and 
wrists in different phases 
of inflammation

Lavinia Agra Coletto,1 Valentina Marino,2 Chiara Rizzo,3 Natacha Goulas,1 
Pietro Rubortone,1 Lucrezia Verardi,1 Emanuela Gaggiano,2 Dario Bruno,4 
Arianna D’Antonio,5 Marco Gessi,6 Clara Di Mario,7 Barbara Tolusso,7 Laura Bui,6 
Roberta Benvenuto,6 Maria Sole Chimenti    ,5 Giuliana Guggino    ,3 
Francesco Ciccia,2 Roberto Caporali,8,9 Elisa Gremese,4,7 Marco Maria Lizzio,10 
Maria- Antonietta D’Agostino    ,1,10 Stefano Alivernini    1,7,10

To cite: Coletto LA, Marino V, 
Rizzo C, et al. Intensive training 
programme for ultrasound- 
guided minimally invasive 
synovial tissue biopsy on knees 
and wrists in different phases 
of inflammation. RMD Open 
2024;10:e003705. doi:10.1136/
rmdopen-2023-003705

 ► Additional supplemental 
material is published online only. 
To view, please visit the journal 
online (https:// doi. org/ 10. 1136/ 
rmdopen- 2023- 003705).

Received 10 September 2023
Accepted 25 January 2024

For numbered affiliations see 
end of article.

Correspondence to
Dr Stefano Alivernini;  
 stefano. alivernini@ unicatt. it

Education

© Author(s) (or their 
employer(s)) 2024. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objectives To develop an intensive training programme 
for ultrasound (US)- guided synovial tissue (ST) biopsy on 
knees and wrists in inflammatory arthritis and to assess 
the learning curve, patient tolerability, sample quality and 
trainees’ expectations.
Methods Active or remission rheumatoid arthritis 
patients were enrolled. Nine trainees joined the 4- month 
programme in a centre experienced in performing US- 
guided ST biopsies consisting of four sequential phases: 
(1) observation, (2) performance of guided step- by- step 
phases, (3) execution of the whole procedure on paired 
joints (knees or wrists) of the same patient in parallel 
with the trainer and (4) performance of the procedure 
autonomously. Sample representativity was assessed by 
histology, and procedure- related adverse events were 
recorded. Before and after the programme, trainees’ 
expectations and perceptions were collected.
Results 328 ST biopsy procedures were included. 
The rate of trainees’ informative samples was: (1) 
comparable to the trainers in active and remission knees, 
but lower in active wrists (70% for trainees vs 100% 
for trainers, p=0.06) in phase 3; (2) excellent on active 
knees and wrists (91.9% and 90.9% respectively) but 
lower (77.6%, p=0.0089) on remission knees in phase 4. 
Procedures performed by trainees did not affect patient 
tolerability. Trainees’ expectations about procedure- 
related invasiveness and pain infliction decreased while 
the difficulty of procedure execution on active wrists 
and remission knees remained perceived as moderately 
difficult.
Conclusions This intensive training programme develops 
advanced skills in the performance of US- guided 
ST biopsy on knees and wrists, yielding high- quality 
specimens available for basic and translational studies on 
inflammatory joint diseases.

INTRODUCTION
In the last decade, the study of synovial 
tissue (ST) has become an important aspect 
of rheumatological research.1 2 This interest 
comes from the attempt of covering the 
knowledge gaps and unmet needs in under-
standing the processes that regulate inflam-
mation and remission at the tissue level in 
chronic inflammatory arthritis, such as rheu-
matoid arthritis (RA) or psoriatic arthritis. 
Indeed, no definitive biomarkers are avail-
able to guide clinicians in the choice of the 
treatment throughout the clinical course,3 
nor in the tapering or cessation of the 
ongoing therapy when sustained remission 
is achieved.4 5 ST sampling from peripheral 
joints has been successfully achieved using 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Synovial tissue (ST) research is reshaping the 
knowledge and possibly the management of chron-
ic inflammatory arthritis in a rapidly expanding 
field. In the effort of narrow discrepancies during 
ST handling, European Alliance of Associations for 
Rheumatology recently drew up points to consider 
for minimal reporting requirements in ST research, 
including recommendations pertaining the biopsy 
procedure, the quality check and the experimental 
data. However, a minimal training programme for 
teaching ultrasound (US)- guided ST biopsy to rheu-
matologists remains a need and a priority.
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arthroscopy and ultrasound (US)- guided minimally inva-
sive ST biopsy, the latter being able to easily access even 
medium and small joints.6 Each procedure has proven to 
be safe, well tolerated and with excellent yield by robust 
data,7–10 allowing real- life and clinical trial studies to be 
conducted.3 11–15 To date, ST biopsy has still limited indi-
cations in clinical practice (eg, infections, neoplasms)10 16 
and is not included in the current recommendations for 
the management of RA.17 However, the growing knowl-
edge derived from real- life12 and clinical trial ST biopsy- 
driven studies3 18 19 in terms of diagnostic and prognostic 
insights20 suggests that ST biopsy might have a future 
clinical and experimental expansion and will no longer 
be a prerogative of few highly specialised centres. In 
the effort of standardising ST handling, the European 
Alliance of Associations for Rheumatology (EULAR) 
recently proposed points to consider for minimal 
reporting requirements in ST research.21 To ensure a 
biopsy sample to be informative, whether it is analysed by 
semiquantitative histology or in- depth molecular analysis, 
the operator must aim to obtain specimens in which all 
the anatomical areas of the synovium are present, hence 
representative. This is a crucial issue for a comprehensive 
analysis, as the lining and sublining layers composing ST 
are populated by heterogeneous cell clusters of resident 
and infiltrating cells (eg, macrophages and synovial fibro-
blasts) with distinct functions and location identities in 
different phases of tissue inflammation.15 22 23

While some standards have been addressed and estab-
lished in the points to consider for ST research,24 25 the 
EULAR research agenda identifies, as one of the first 
uncovered needs, the lack of a standardised training 
programme to teach physicians to perform US- guided 
ST biopsy, and how such training may affect patient 
tolerability and procedure performance.21 So far, the 

procedure has been effectively taught to trainees by expe-
rienced peers in few clinical settings, in ways which are 
hardly reproducible and comparable among different 
centres. Here, no guidelines are available concerning the 
design of the training programme, the duration required 
to achieve an adequate success rate in terms of repre-
sentative tissue sample, the possible adjustment of this 
timeframe according to the size and the inflammatory 
status of the target joints, and any trainees’ prerequisites 
needed before joining the programme, such as experi-
ence in US or hands- on skills.

Based on these issues, the aims of the study were as 
follows: (1) to develop an intensive training programme 
for US- guided minimally invasive ST biopsy on knees and 
wrists across inflammatory arthritis phases in a special-
ised setting and (2) to assess the learning curve, patient 
tolerability, sample quality and trainees’ expectations and 
perceptions.

METHODS
The intensive training programme took place at the 
SYNGem Synovial Tissue Biopsy Unit at the Fondazione 
Policlinico Universitario A. Gemelli IRCCS in Rome, 
which is an academic hospital with a daily schedule of 
5–7 patients with chronic inflammatory arthritis who 
are referred for a comprehensive rheumatological 
evaluation in a day hospital clinical setting, including 
US- guided minimally invasive ST biopsy.12 Minimally 
invasive US- guided ST biopsies are routinely performed 
by senior rheumatologists with advanced expertise in 
US, henceforth the trainers. Junior rheumatologists or 
rheumatology residents at the host centre, regardless of 
their background in US, are regularly trained to perform 
this procedure as part of their educational programme. 
External rheumatologists or rheumatology residents, 
who have attended the Biopsy Unit for at least 4 months 
full time, were considered eligible to participate in the 
training programme. The training programme did 
not include additional training in musculoskeletal US. 
Patients fulfilling the 2010 EULAR/American College 
of Rheumatology classification criteria for RA with active 
disease26 or in sustained clinical and US remission4 were 
included in the study when biopsy was indicated either 
on the knee(s) or the wrist(s).

Intensive training programme for ST collection
As summarised in figure 1A–D, the intensive training 
programme consisted of the following four sequential 
phases:
i. Observation of the procedure performed by the 

trainer, during which each trainee observed the steps 
of the entire procedure, for example, US assessment 
for joint components identification, asepsis creation, 
arthrocentesis (if indicated), local anaesthesia (per-
cutaneous), biopsy needle placement and ST retriev-
al, respectively. Each trainee repeated this phase at 
least five times for each joint type (knee and wrist 

WHAT THIS STUDY ADDS
 ⇒ This is the first intensive training programme developed to teach 
rheumatologists or rheumatology residents to perform US- guided 
minimally invasive ST biopsy on knees and wrists of rheumatoid 
arthritis patients across disease trajectory with excellent results in 
a unique setting. Regardless the different trainee’s background, in 
a period of 4 months, they were able to retrieve gradable ST speci-
mens in up to 91.9% of the procedures from joints of different size 
and inflammatory status, to understand the importance of sample 
representativity, with no negative impact on patient tolerability. The 
study highlights the need to adapt the intensity and timing of the 
training programme to reach comparable success rate when ap-
proaching the knee in remission patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ The dissemination of a shared training programme among different 
centres could be the first step in promoting standardisation of ST- 
related research. The retrieval of high- quality samples in different 
disease phases of inflammation is the starting point in delineating 
ST atlas, where high- throughput technologies will allow addressing 
unmet needs in chronic inflammatory arthritis.
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respectively) and disease condition (active and re-
mission, respectively). For the knee synovial biopsy, 
the published standard operating procedure was 
used.12 Briefly, the entry reference point of the biop-
sy needle was identified at the lateral margin of the 
suprapatellar recess for the knee (online supplemen-
tal figure 1), and at the ulnar side of the ulnocarpal 
joint for the wrist, between the IV and V extensor 
tendon compartments or between the V and the VI 
extensor tendon compartments depending on the 
patient’s anatomy. Each patient was provided with 
a face mask and the procedure was performed un-
der sterile conditions. The skin was disinfected with 

iodine solution, performed twice, starting from the 
point of needle entry to 25 cm (knee) or 15 cm (wrist) 
proximally and distally. The skin, subcutaneous tis-
sue and joint capsule were anaesthetised with 20 mL 
(knee) or 10 mL (wrist) 2% lidocaine. For the knee 
joint in remission, lidocaine was used to expand the 
joint space and to improve visualisation of the syno-
vial surface. A 14G needle (Precisa 1410- HS Hospital 
Service Spa, Italy) was then inserted into the joint 
(same needle’s size for both knee and wrist). B- mode 
US assessment was performed, starting from the lat-
eral side of the suprapatellar recess for the knee and 
from the ulnocarpal recess for the wrist, to identify 

Figure 1 Intensive training programme for minimally invasive ultrasound- guided synovial tissue biopsy of active and remission 
joints. (A) Schematic of the different phases of minimally invasive ultrasound- guided synovial tissue (ST) biopsy on active knee; 
(B) Schematic of the different phases of minimally invasive ultrasound- guided ST biopsy on active wrist; (C) Schematic of 
the different phases of minimally invasive ultrasound- guided ST biopsy on remission knee; (D) Schematic of the steps of the 
intensive training programme for minimally invasive ultrasound- guided ST biopsy: (1) visualisation of the procedure performed 
by the trainer, (2) step- by- step performance of the procedure phases by the trainee guided by the trainer, (3) performance of 
the entire procedure by the trainee compared with the procedure performed by the trainer on the contralateral joint and (4) 
autonomous performance of the entire procedure by the trainee.

https://dx.doi.org/10.1136/rmdopen-2023-003705
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ST and visualise its surface, to ensure representative 
ST sampling (figure 1A–C). In the presence of syno-
vial hypertrophy, power Doppler (PD) evaluation was 
performed to assess hypervascularisation. The oper-
ator then proceeded to sample different sites of US- 
detected ST using the portal- assisted needle device, 
changing the needle angles (online supplemental 
figure 1). Trainees were instructed on the minimum 
number of tissue fragments required for correct sam-
pling,24 the macroscopic appearance of ST and on 
how to distinguish it from other articular and peri-
articular structures, such as capsule, tendons, muscle 
and cartilage.

ii. Step- by- step execution of the procedure steps by the 
trainee under the guidance of the trainer until com-
pletion of the entire procedure: each trainee took 
part in the procedure sequentially stopping after dis-
infection/injection of anaesthetic or placement of 
the biopsy needle or completing the entire synovial 
biopsy. Each trainee repeated this step five times for 
each joint size and condition, as previously described.

iii. Performance of the entire synovial tissue biopsy pro-
cedure in comparison with the trainer on paired 
joints of the same patient: when a patient exhibits 
two contralateral joints with comparable clinical and 
US features (both in US Gray scale and PD) the en-
tire ST biopsy is performed first by the trainer on one 
side, then immediately afterwards by the trainee on 
the contralateral side (in the different scenarios: ac-
tive knees, active wrists, remission knees).

iv. Performance of the entire ST biopsy procedure au-
tonomously by the trainee on active (knee and wrist) 
and n remission (knee) joints simulating the routine 
outpatient clinical setting. During this phase, the 
trainee was assisted by another trainee, who held the 
US probe to guide the procedure, with the trainer 
supervising the entire procedure without interfering 
unless strictly required.

ST specimens’ quality assessment and synovitis degree 
scoring
To assess the quality of the sample and thus the success 
of the procedure, ST specimens were processed for 
histology (H&E) to determine first the presence of ST 
and then the anatomical representativeness of the spec-
imen, given by the presence of lining and sublining 
layers in at least one fragment. Briefly, all ST specimens 
obtained (at least 6–8 fragments for the knee and 4–5 frag-
ments for the wrist) were fixed in 10% neutral- buffered 
formalin, embedded in paraffin, sectioned at 3 µm and 
stained for H&E as follows: sections were deparaffinised 
in xylene and rehydrated in a series of graded ethanol, 
stained in haematoxylin and counterstained in Eosin/
Phloxine. Finally, sections were dehydrated, cleared in 
xylene and mounted with Bio Mount (Bio- Optica). Slides 
were examined under a light microscope (Leica DM 
2000) by a trained pathologist (MG) who was blinded 
to the clinical and immunological characteristics of the 

patients and the identity of the operator. The anatomical 
structure of synovial membrane was examined (online 
supplemental figure 2A–C), and the severity of synovitis 
was graded according to three synovial features: synovial 
lining hyperplasia, stromal cell density and inflammatory 
infiltrate respectively, each scored on a semiquantitative 
scale from none (0), slight (1), moderate (2) to severe 
(3).12 27 The analysis was done manually and included the 
assessment of the entire ST sections.

Trainees’ perceptions of the ST biopsy procedure and 
educational expectations
Before and after the completion of the entire programme, 
each trainee was asked to fill a questionnaire regarding 
their expectations of the ST biopsy procedure, including 
the difficulty of its execution based on joint location 
(knee/wrist) or the disease activity (active/remission), as 
well as their perception of invasiveness and pain caused 
to the patient. In addition, at the end of the intensive 
programme, each trainee’s personal feedback from each 
of the four training phases was recorded.

Monitoring and recording of procedure-related side effects
After the procedure, each enrolled patient was observed 
for 1 hour to monitor for any short- term adverse events. 
Prior to discharge, patients were instructed to contact the 
biopsy unit by telephone/email in the event of any post-
procedure discomfort. In addition, each patient under-
went a full rheumatological assessment in an outpatient 
clinic 28 days after the ST biopsy to record the occur-
rence of late- onset adverse events. At this time, any minor 
complaint that had not previously resulted in a phone 
call and/or email was recorded.

Statistical analysis
Statistical analysis was performed using SPSS V.20.0 and 
Prism software (GraphPad, San Diego, USA). Categorical 
and quantitative variables were described as frequencies, 
percentage and mean±SEM. Data on demographic and 
clinical features were compared between patients by the 
non- parametric Mann- Whitney U test or χ2 test, as appro-
priate.

RESULTS
Intensive training programme participants’ characteristics
A total of nine trainees (30.0±1.85 years) and two trainers 
(52 and 42 years, respectively) participated in the inten-
sive training programme from September 2021 to 
December 2022. Table 1 summarises the demographic 
and professional characteristics of the trainees. Trainees 
were young rheumatology consultants or rheumatology 
residents who joined the programme for a period of 4 
months. Specifically, 6 trainees (66.6%) were from Italian 
or foreign academic hospitals and 3 (32.3%) were rheu-
matology residents at the host institution. Considering 
pre- training skills, 5 (55.5%) trainees already had average 
or advanced skills in musculoskeletal US and 3 (32.3%) 
had sufficient experience in intra- articular injections. 

https://dx.doi.org/10.1136/rmdopen-2023-003705
https://dx.doi.org/10.1136/rmdopen-2023-003705
https://dx.doi.org/10.1136/rmdopen-2023-003705
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Seven out of nine trainees completed the full inten-
sive programme (knees and wrists), while two trainees 
completed only the training for knees (active and remis-
sion).

Procedure success for trainees is dependent on inflammation 
grade and joint location
A total of 328 US- guided minimally invasive ST biopsy 
procedures performed in 269 patients (185 with active 
disease and 84 in remission) were included. Considering 
the first aim, 100% of the procedures performed by the 
trainees, either in parallel with the trainer or alone, 
were successful, as the histological assessment showed 
evidence of ST in every specimen. However, the anatom-
ical representativeness was not always persistent, as the 
lining layer could be absent (online supplemental figure 
2A–C). Specifically, after completing the observational 
and guided step- by- step phases, the trainees performed 
59 procedures in parallel with the trainers (n=32 on 
active knees, n=17 on knees in remission and n=10 on 
active wrists), each of them performing it at least 5 times 
(figure 2A–C, figure 3A,B). In this training phase, the 
sample representativeness, in terms of the presence 
of the lining layer, was comparable between trainees 
and trainers (93.8% and 94.1%, p>0.99) for active and 
remission knees (figure 2A,C), while lower for trainees 
(70%) than in trainers (100.0%, p=0.06) for active wrists 

(figure 2B). Based on this success rate, we identified 
five pooled procedures as necessary, at individual level, 
to progress from phase 3 to phase 4. However, when 
trainees performed the entire ST biopsy procedure 
autonomously, without trainers’ guidance, simulating a 
real outpatient clinical setting (n=210 procedures with 
n=99 on active knees, n=44 on active wrists and n=67 
on remission knees), the success rate of the procedure 
was significantly influenced by joint inflammation grade 
rather than joint location (figure 3A–D). Specifically, 
representative ST samples were obtained in 91.9% and 
90.9% of active knees and active wrists, respectively, 
compared with 77.6% of knees in remission (p=0.0089) 
(figure 3E). Finally, the success rate was not influenced 
by previous trainee’s expertise in musculoskeletal US 
and/or intra- articular injections (figure 3G).

Procedure-related adverse events
No serious adverse events were recorded during the 
procedures and only one presyncopal episode occurred 
(0.3%). Within 28 days after the procedure, one haemar-
throsis (0.3%) occurred without sequelae while the 
most common minor complications were self- limiting 
arthralgia or local pain requiring analgesia (10.4%). No 
significant difference was observed in the rate of adverse 
events following the procedures performed by trainees 
compared with those performed by the trainers (p>0.05).

Pre-training and post-training perception of trainees on 
procedure invasiveness and performance difficulty
Before and after the completion of the training 
programme, each trainee was asked to complete a self- 
assessment questionnaire quantifying their percep-
tions of the procedural invasiveness and patient pain. 
As shown in figure 4, the completion of the intensive 
training programme resulted in a significant reduction 
in both the perception of the procedure invasiveness 
from moderate to low (p=0.0156) and the perception 
of pain caused to the patient from very high/moderate 
painful to slightly painful (p=0.0039) (figure 4A,B). 
When considering trainees’ perceptions of difficulty in 
performing the procedure, the completion of the inten-
sive training programme resulted in an overall reduction 
in perceived difficulty for active knee joints (p=0.0078). 
Conversely, performing the procedure on knees in 
remission remained more difficult than on active knees 
(p=0.0039), and approaching both active wrists and 
remission knees was still perceived as moderately difficult 
on average (figure 4C).

DISCUSSION
Our study was designed to address the unmet need of 
a uniform educational system, to reduce discrepancies 
between centres performing ST biopsies by promoting 
standardisation of ST collection and handling. The ulti-
mate goal is to improve patient care by promoting ST- re-
lated research and incorporating ST analysis into patient 
workup.21

Table 1 Demographic, educational and professional 
characteristics of the trainees joining the intensive training 
programme

Trainees’ characteristics
(n=9)

Age (mean±SEM, years) 30.0±1.8

Female sex, n (%) 7 (77.7)

Professional title

   Rheumatology resident, n (%)
   Rheumatologist consultant, n (%)

7 (77.7)
2 (22.3)

Hospital of origin

  Hosting hospital, n (%)
  Other academic Italian hospital, n (%)
  Other academic foreign hospital, n (%)

3 (32.3)
5 (55.6)
1 (11.1)

Frequency of US execution

  Never, n (%)
  Infrequently, n (%)
  Weekly, n (%)
  Daily, n (%)

2 (22.2)
2 (22.2)
4 (44.5)
1 (11.1)

Frequency of intra- articular injection 
execution

  Never, n (%)
  Infrequently, n (%)
  Weekly, n (%)

2 (22.2)
4 (44.5)
3 (32.3)

Never seen an ST biopsy before 6 (66.6)

SEM, Standard Error of Mean; ST, Synovial Tissue; US, 
Ultrasonography.

https://dx.doi.org/10.1136/rmdopen-2023-003705
https://dx.doi.org/10.1136/rmdopen-2023-003705
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To achieve this goal, we developed the first intensive 
training programme, carried out in a unique setting to 
specifically train inexperienced rheumatologists and 
rheumatology residents to successfully perform mini-
mally invasive US- guided ST biopsy on knees and wrists 
of RA patients across disease course.

Irrespective of differences in US background, in a 
period of 4 months, the trainees were able to retrieve ST 
in 100% of the procedures from joints of different size 
and inflammatory status. This unique stepwise approach 
allowed them to gradually gain confidence in a new envi-
ronment, from assessing the patients in the context of 
their clinical disease state, to selecting the target joint by 
using US assessment, to performing the procedure and 
the specimen handling, to dialogue with the patholo-
gist, up to interpreting the histological report by using 
a validated semiquantitative activity and severity score. 
The anatomical representativeness of the sample is a key 
point in the whole process, as retrieved ST samples must 
include all the anatomical areas of interest, that is, both 
lining and sublining layers, to allow a global assessment 
of tissue inflammation. In health, the synovial lining layer 
consists of a thin layer of ST macrophages (STMs) and 
fibroblast- like synoviocytes, both of which are also found 
in the sublining layer with scattered T cells, adipocytes 
and endothelial cells interspersed in a loose connective 
tissue.1 Recent advances in omic analyses performed on 
ST specimens from patients with active and remission 

RA have shown that ST is enriched by distinct immune 
and stromal cell clusters, each of which has a precise 
anatomical position within the synovium (eg, lining layer, 
sublining layer, perivascular areas) and whose presence 
and proportions vary with disease activity.15 20 22 23 For 
example, MerTKpos STMs represent the main resident 
population in healthy ST, exhibit an important homoeo-
static function and their proportion reflects disease 
activity, decreasing during inflammation, restoring 
during sustained remission and predicting maintenance 
of remission.15 28 Conversely, MerTKneg STMs exhibit a 
proinflammatory phenotype which contributes to the 
pathogenesis of synovitis.15 28 Similar deep molecular 
heterogeneity applies to other cell populations in the 
synovium, as fibroblasts, where different cell clusters may 
interact with each other in a location- specific manner,22 23 
varying according to the disease status. This makes the 
development of minimally invasive biopsy procedures, 
differentiated by joint and grade of inflammation, essen-
tial to provide representative tissue specimens capturing 
all cells of interest.

Obtaining a representative tissue implies overcoming 
contextual technical challenges. Based on the success 
rates achieved by the trainees in phases 3 and 4, we iden-
tified a total of five pooled procedures as minimum to 
progress from phase 3 towards phase 4 of the training 
programme. Besides the joint size, also the inflamma-
tory joint status proved to be a constraining factor. At the 

Figure 2 Comparative success rate of synovial tissue retrieval through minimally invasive ultrasound guided biopsy between 
trainee and trainer. Representative Ultrasound (Grey scale and power Doppler) images and histological (H&E staining) 
microphotographs and comparative success rate of informative sample retrieval between trainees and trainers on (A) paired 
active knees, (B) paired active wrists and (C) paired remission knees.
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end of the training the representativeness of the sample 
obtained by performing the procedure autonomously 
was excellent, being both lining and sublining layers 
present in >90% of the samples of active knees and wrists, 
whereas a lower success rate was achieved in remission 
knee (77.6%). This discrepancy, also supported by the 

trainee’s perception of the difficulty of performing the 
procedure in this condition, can be mainly ascribed to the 
need to successfully perform the first phase of the anaes-
thesia without the trainer support, in which the expan-
sion of the joint cavity, by injecting the anaesthetic fluid, 
is critical to correctly visualise the ST surface (containing 

Figure 3 Trainee’s individual path and pooled/individual success rate of the intensive training programme for minimally 
invasive ultrasound- guided synovial tissue (ST) biopsy of active and remission joints. Temporal schematic representation 
of each trainee’s individual path during phase 3 (A, B) and phase 4 (C–G) of the intensive training programme for minimally 
invasive ultrasound- guided ST biopsy of active and remission joints. (A) Phase 3: the trainee performed the procedure 
immediately after the trainer on the contralateral joint with comparable imaging features of the same patient. Each letter (red 
K, red W, blue K) represents a procedure (on active knee, active wrist and remission knee, respectively). Black rectangles 
highlight non- representative procedures. (B) Donut graphs represent pooled success and unsuccess rate of biopsy retrieval for 
each joint condition of phase 3. (C) Phase 4: the trainee performed the entire procedure autonomously. (D) Phase 4 individual 
success rate per trainee for each joint condition. (E) Donut graphs represent pooled success and unsuccess rate of biopsy 
retrieval for each joint condition of phase 4. (F) Pooled success rate of representative ST specimens’ retrieval by minimally 
invasive ultrasound guided ST biopsy autonomously performed by trainees on active and remission knees in phase 4. (G) 
Pooled success rate of informative samples autonomously collected by trainees based on their pre- training ultrasound and 
intra- articular injections’ experience.

Figure 4 Pre- training and post- training perception of trainees on procedure invasiveness and performance difficulty on wrists 
and knees across disease activity. (A) Pre- training and post- training perception of trainees on procedure invasiveness; (B) Pre- 
training and post- training perception of trainees on procedure- related pain; (C) Pre- training and post- training perception of 
trainees on procedure performance difficulty on wrists and knees across diseases activity.
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the lining layer) to be collected. In fact, when trainees 
performed the procedure on patients in remission in 
phase 3 with the trainer’s support (ie, immediately after 
the trainer had shown it on the contralateral joint of the 
same patient), they felt more confident, and the success 
rate was excellent. If this approach is not feasible it could 
be envisioned that the trainee performs the procedure 
on a patient with comparable inflammation status imme-
diately after the trainer has completed her/his own on 
the previous patient. This supports the need to adapt the 
intensity and timing of the training programme, possibly 
in more gradual steps, with a first round designed to 
allow the trainee to gain confidence in the approach of 
knees and wrists active joints, hence followed by a second 
round focusing on joints in remission.

Robust data have already highlighted the safety and 
tolerance of US- guided ST biopsies from a patient 
perspective,8 which is further supported by our study, 
showing that patient tolerability, defined by the rate of 
procedure- related adverse events, was not affected by 
the learning setting. Also, from the clinician perspec-
tive, given some initial known scepticism, the evalua-
tion of trainee’s perceptions is also very promising and 
comforting. A daily attendance at the biopsy unit was 
sufficient to downsize both the expected invasiveness and 
pain caused to the patient, as well as the expected diffi-
culty in performing the procedure. In conclusions, this 
intensive training programme lays the foundations for 
the dissemination of a useful minimally invasive proce-
dure by harmonising the procedure- related teaching 
steps, and ultimately promoting the standardisation of ST 
sampling, ceasing to be the prerogative of well- selected 
centres. Providing high- quality ST specimens, valuable 
for high- throughput analyses from well characterised 
patients across different stages of inflammation, is an 
essential starting point for delineating ST phase- specific 
multiomics datasets that will pave the way for true person-
alised medicine in RA and other chronic inflammatory 
joint diseases.
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