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Abstract

Background A proof-of-concept study to evaluate the feasibility and safety of minimally invasive ultrasound (US)-
guided synovial biopsy of the radiocarpal (RC) joint using the anatomical snuffbox as an access route.

Methods Twenty consecutive patients with active chronic arthritis of the wrist underwent minimally invasive US-
guided synovial biopsy of the RC joint using the anatomical snuffbox as the access route. Samples were retrieved
from 3 predetermined biopsy target sites of the RC synovia (proximal, vault, and distal site), aiming for a minimum
of 12 samples. The procedure’s feasibility was evaluated based on the number and histological quality of retrieved
tissue fragments tested on pre-defined histometric parameters. The safety and tolerability of the procedure were
assessed through 1-week and 1-month follow-up clinical evaluations.

Results A median number of 17 fragments (> 1 mm diameter size at macroscopic evaluation) per procedure

was processed for histopathology (range 9-24) and dedicated to the study. At the histopathologic evaluation,

a gradable tissue (visible lining layer and >4 fragments with IST) was recognized in 19/20 biopsies (95%), and all
pre-defined histometric parameters were judged applicable and successfully measured in 19/19 gradable biopsies.
All three biopsy target sites showed sampling accessibility. The entire procedure was generally well tolerated. At
the 1-month follow-up, no patients showed infectious complications.

Conclusions The access route through the anatomical snuff box in US-guided synovial biopsies of the RC joint allows
for a safe and targeted collection of adequate tissue samples. This modification of the traditional access route may
allow easier, repeatable, and safer sampling of anatomically distinct areas of the wrist in the course of arthritis.
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Background

Clinical research on synovial tissue analysis in patients
with chronic arthritis has increased in recent years.
Interest is mainly focused on studying the early stages
of the disease, not so much as a diagnostic tool [1], but
on understanding pathogenic mechanisms and obtain-
ing additional markers helpful for guiding therapeutic
strategies [2-7].

In order to promote the widespread inclusion of syn-
ovial tissue analysis into clinical practice and research,
samples need to be acquired mini-invasively and from
representative joints. The development and validation
of ultrasound (US)-guided techniques, using either a
semi-automatic core needle or a portal and forceps
approach, has offered an alternative tool to arthroscopy
with excellent outcomes in terms of safety and acces-
sible joints [8—-10]. Still, sampling from the small joints
of the hands, which are the most frequent and early
target of the inflammatory process in many idiopathic
arthritis including rheumatoid arthritis (RA), although
feasible [11, 12], remains challenging due to potentially
inadequate tissue yield. In this context, the radiocarpal
(RC) joint offers the most suitable alternative, being
larger and containing a greater amount of synovium [8,
12]. Usually, access to the RC joint, whether to perform
intra-articular injections [13], arthroscopies [14], or
synovial biopsies [15], is performed between the exten-
sor tendons compartments III and IV, IV and V, and V
and VI on the dorsal side. Nonetheless, in our experi-
ence, the anatomical characteristics of the RC joint and
the course of the various periarticular structures, par-
ticularly the tendons, may condition the path and the
inclination of the surgical instrument within the joint
cavity, with the possibility that part of the synovial sur-
face remains unreachable.

The anatomical snuff box is a triangular deepening that
forms when the thumb is extended and abducted on the
radial side of the wrist at the level of the carpal bones.
The deepening is bounded medially by the tendon of the
extensor pollicis longus muscle, laterally by the tendons
of the extensor pollicis brevis and the abductor pollicis
longus, distally by the base of the I metacarpal bone and
proximally by the styloid process of the radius; the scaph-
oid and trapezius bones and the medial side of the RC
joint define the floor [16]. In this area, the needle can be
introduced through the joint capsule. It can be directed
in the radial-ulnar direction, parallel to both the cartilagi-
nous surface lining the carpal bones (scaphoid, lunate,
and part of the pyramid bone) and the synovial lining of
the upper side of the joint capsule extended between the
dorsal border of the radius and the contour of the car-
pal condyle, until it reaches the triangular ligament of the
carpus.
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Despite this potentially favorable substrate, no data
are currently available in the literature on the spe-
cific output of synovial biopsy of the wrist based on the
above-described anatomical approach. In light of these
considerations, we designed a proof-of-concept study to
evaluate the feasibility and safety of RC synovial biopsy
using the anatomical snuffbox as the access route.

Methods

Patient inclusion

The study, data collection, and reporting were performed
according to the EULAR points to consider for minimal
reporting requirements in synovial tissue research in
rheumatology [17]. Twenty consecutive patients under-
going US-guided needle synovial biopsy of the wrist at
the Division of Rheumatology of the IRCCS Policlinico
San Matteo Foundation of Pavia between February 2021
and December 2022 were included. Indications for syno-
vial biopsy were clinically unspecified synovitis or persis-
tent unexplained arthritis in patients with an established
diagnosis. The study was conducted according to the
Declaration of Helsinki. All patients signed informed
consent before inclusion, and the local Ethics Committee
approved the study protocol.

US evaluation and US-guided synovial biopsy technique
US examination (in gray scale, GS, and power Doppler,
PD) and US-guided synovial biopsy were performed
using an Esaote MyLab'"Seven machine with a linear
probe (6/18 MHz). Synovial thickening and degree of PD
signal of the wrist were scored semi-quantitatively (0-3)
[18] immediately before the biopsy procedure. In each
patient, the RC joint with the highest US synovitis score
was selected for biopsy.

Two trained operators (LDS [procedure] and SB [US
assistance], with>5 years of experience in US-guided
biopsy) performed all biopsy procedures. All biopsy
procedures were carried out on an outpatient basis in a
sterile environment. Access was localized, with the hand
pronated, wrist in slight extension, and thumb abducted,
at the bottom of the anatomical snuffbox, immediately
below the extensor pollicis longus tendon, superior to
the lateral RC ligament and approximately 5 mm proxi-
mal to the trapezius (Fig. 1A). The skin and subcutaneous
tissue of the anatomical snuftbox over the joint capsule
were infiltrated with 5 mL of local anesthetic (1% lido-
caine) using a 25-gauge needle. A further 5 mL of local
anesthetic (1% lidocaine) was instilled into the synovial
space. After 2 min, a Quick-Core biopsy needle (14Gx100
mm) was inserted into the synovial space under direct US
vision. The needle could be dynamically visualized in its
entire length as a small hyperechoic line within synovial
proliferation above the carpal bones (Fig. 1B).
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Fig. 1 Ultrasound (US)-guided synovial biopsy of the radiocarpal
(RQ) joint using the anatomical snuffbox as the access route. A

A representative image of a patient undergoing US-guided RC
synovial biopsy using a Quick-Core needle (14Gx100 mm). Access
is located, with the hand pronated, wrist in slight extension,

and thumb abducted, at the bottom of the anatomical snuffbox,
immediately below the extensor pollicis longus tendon, superior
to the lateral RC ligament, and approximately 5 mm proximal

to the trapezius. B US guidance allowed the needle to penetrate
approximately 3 cm into the RC joint until it reached the triangular
ligament of the carpus. The needle can be visualized in its entire
length as a small hyperechoic line within the synovial proliferation
above the carpal bones

US guidance allowed the needle to penetrate approxi-
mately 3 cm into the RC joint until it reached the trian-
gular ligament of the carpus (Fig. 1B). The needle, parallel
to the carpal cartilaginous floor, remained about 3—4 mm
away from it throughout its journey. In contrast, it made
direct contact with the synovial tissue lining the dorsal
side of the joint capsule. The needle could then be angled
dorsally, about 20°, and laterally, carpal and radial, at an
angle of about 30°. In this way, with the tip of the needle,
it was possible to reach any point of the synovium lining
the vault of the joint capsule extended between the dorsal
edge of the articular surface of the radius and the dorsal
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edge of the carpal condyle, with the only exception of the
most proximal 5 mm of the radio-scaphoid joint.

Predetermined biopsy target sites were (i) the articu-
lar surface of the radius (proximal site), (ii) the articu-
lar surfaces of the carpal bones (distal site), and (iii) the
vault of the joint capsule, especially where the synovium
appeared thicker (vault site) (Fig. 2A). The maximum tol-
erated number of biopsies per joint was attempted, aim-
ing for a minimum of 12 samples (>1 mm diameter size
at macroscopic evaluation) to be retrieved among the
three target sites and through a target procedural time of
30 min [12].

Synovial tissue processing

Biopsy specimens were kept moist in saline for a maxi-
mum of 30 min after completion of the procedure and
numbered macroscopically (retrieved tissue fragments).
A variable number of fragments (depending on the total
number and concomitant downstream procedures)
was randomly selected for histopathology and fixed in
4% formalin for up to 24 h. After paraffin embedding,
5-um-thick serial sections were cut using a standard
microtome, mounted onto glass slides, and stained with
hematoxylin and eosin (H&E) according to the standard
protocols.

Study outcomes
The following co-primary outcomes were considered.

Feasibility

Procedural feasibility was defined as the retrieval of his-
tologically assessable tissue. Each biopsy was evaluated
on H&E slides at a single cutting level to identify the
fragments characterized by intact synovial tissue (IST,
defined microscopically by the presence of characteristic
vessels and stroma in the absence of artefactual changes)
[5]. Biopsies were defined as gradable if containing a vis-
ible lining layer and a number of fragments displaying
IST >4 [8]. For descriptive purposes, a tissue quality ratio
(TQR) was then assigned to each biopsy according to the
proportion of the fragments displaying IST/total frag-
ments in the section.

The applicability of different histometric analy-
ses to gradable biopsies was tested directly through
the quantification of Krenn’s score [19], sub-lining
vascularity (semi-quantitatively, 0-3) [20], and cell
aggregation (measured dichotomously in terms of
the presence/absence of grade (G) 2/G3 lymphocyte
aggregates [21] and as an index [lymphocyte aggrega-
tion index, LAI] expressing the ratio between the total
number of G2 and -G3 aggregates/total number of
fragments displaying IST).
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Fig. 2 Target sites for radiocarpal (RC) synovial biopsy and retrieved tissue fragments. A Representative ultrasound longitudinal scan

of the radiocarpal joint. The perimeter of the radiocarpal synovitis is marked in different colors to indicate the 3 target sites used in the collection
of biopsy specimens. In red is the proximal site, in black is the vault site, and in blue is the distal site. B Representative images of retrieved synovial
tissue fragments for each target site. Macroscopic and histological images stained with hematoxylin and eosin (at x 10 magnification and detail
of the lymphocyte infiltrate at x 20 magnification) of representative synovial tissues for each target site

All tissue assessments were performed blindly by two
independent readers with >5 years of experience in syn-
ovial tissue analysis (TL and AM). Discrepancies were
solved by mutual agreement or by calculating the mean
score (Krenn’s and vascularity semi-quantitative scores).

Safety and tolerability

After the synovial biopsy, each patient was followed
up at 7 and 30 days through direct clinical evaluation
to assess the number and type of adverse events and/
or local pain worsening. Joint pain was measured pre-
biopsy, immediately post-biopsy, after 1 week and

1 month using a visual analog scale (VAS) ranging from
0 to 100 mm. Any worsening of >20 mm compared to
the pre-biopsy assessment could be hypothesized to be
related with the biopsy procedure. Short-term safety
and tolerability were defined as the absence of adverse
events and pain worsening over the selected time
points compared to pre-biopsy.

Results

Ten patients had early arthritis (symptoms duration
£ 12 months), 8 had established RA (symptoms last-
ing > 5 years), and 2 had arthritis in the course of cancer
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immunotherapy with checkpoint inhibitors. Thirteen
out of 20 patients were females, the average age was
45 years (SD+7.9), and there were no obese patients
(mean BMI value 24, SD +4.2). None had received glu-
cocorticoid injections of the biopsied wrist in the pre-
vious 4 weeks. All patients had clinical signs of joint
inflammation in the biopsied wrist (swelling and ten-
derness) and at least grade 2 synovitis of the RC joint
at US examination [18, 22]. The mean (range) 28-Joints
Disease Activity Score (DAS28) of the study population
was 3.99 (2.77-5.07).

A median number of 17 fragments (>1 mm diame-
ter size at macroscopic evaluation) per procedure was
processed for histopathology (range 9-24) and dedi-
cated to the study (Table 1). At the histopathologic
evaluation, a gradable tissue (visible lining layer and > 4
fragments with IST) was recognized in 19/20 biopsies
(95%) displaying a median TQR of 75% (range 31-100)
(Table 1). All three pre-defined histometric parameters
were judged applicable and successfully measured by
both study readers in 19/19 gradable biopsies (Table 1).
In the first five recruited patients with early arthritis
(selected pre-biopsy and pre-US examination), the ana-
tomic origin of the retrieved fragment was tracked to

Table 1 Ultrasound and histological data
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explore the accessibility and tissue quality in the 3 tar-
geted wrist sites.

All three sub-compartments (proximal, distal, and
vault) showed sampling accessibility with the 14-G biopsy
needle. The histological analyses demonstrated feasibil-
ity in retrieving gradable tissue and detecting pathologic
changes in all targeted wrist areas (Fig. 2B and Table 2).

The entire procedure was generally well tolerated.
All patients reported mild discomfort only during skin,
subcutis, and joint capsule anesthesia. Pain scores
showed non-significant changes with a mean (SD)
AVAS of — 4 (7) immediately after biopsy, 2.3 (12) at the
1 week, and—3.3 (3.9) at the 1-month review (Fig. 3).
Worsening joint pain (AVAS pain>20) occurred in
2/20 (10%) of the patients immediately post-biopsy and
in none after 1 week and after 1 month. In all cases, the
pain was managed with analgesics and/or non-steroidal
anti-inflammatory drugs. One patient showed ecchy-
motic manifestations at the level of the anatomical
snuffbox: the ecchymotic skin manifestations resolved
within the following 2 weeks. At the 1-month follow-
up, no patients reported hypoesthesia or dysesthesias,
such as numbness and burning. No patients showed
infectious complications.

Biopsy code, GS score PD score Fragments H&E, n Biopsy Krenn score Vascularity Cell
n° total/IST (TQR) gradable? (synovitis grade) score aggregation
G2/G3 (LAI)
1 3 2 12/9 (75%) + 6.5 (high) 1 +/+(0.89)
2 2 2 16/0 (0%) ne (ne) ne ne (ne)
3 2 2 21/14 (67%) + 3 (low) 0.5 +/+(0.14)
4 2 3 14/14 (100%) + 6 (high) 1.5 +/+(0.86)
5 2 1 23/22 (96%) + 5.5 (high) 0 +/—-(0.14)
6 1 2 16/5 (31%) + 4 (low) 0.5 —/—(0.00)
7 3 3 13/12 (92%) + 4.5 (low) 1 +/-(0.33)
8 2 3 19/9 (47%) + 4.5 (low) 0.5 +/-(0.22)
9 3 2 12/12 (100%) + 7.5 (high) 2 +/4(0.50)
10 3 3 20/9 (45%) + 4.5 (low) 1 —/—(0.00)
1 1 3 9/7 (78%) + 5 (high) 0.5 +/-(0.37)
12 2 2 10/8 (80%) + 5 (high) 1.5 +/+(0.62)
13 2 1 17/6 (35%) + 3.5 (low) 0.5 —/—(0.00)
14 2 2 24/18 (75%) + 5.5 (high) 2 +/-(0.18)
15 3 2 19/10 (53%) + 4 (low) 0 —/—(0.00)
16 2 3 20/20 (100%) + 6 (high) 15 +/+(0.87)
17 2 3 18/16 (89%) + 4.5 (low) 1 +/+(0.59)
18 3 3 18/18 (100%) + 6.5 (high) 25 +/4(0.52)
19 3 2 16/12 (75%) + 5.5 (high) 15 +/-(0.23)
20 2 1 18/13 (72%) + 4.5 (low) 0.5 +/-(0.16)

GS gray scale of the biopsied wrist, PD power Doppler of the biopsied wrist, Fragments H&E fragments selected for histopathology, /ST intact synovial tissue, TQR tissue
quality ratio, G2/G3 grade 2/grade 3 cell aggregates, LAl lymphocyte aggregation index, ne not evaluable

2 Characterized by a visible lining layer and > 4 fragments displaying IST
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Table 2 Histological analysis of wrist sub-compartments

Biopsy Biopsy site Krennscore Vascularity Cell
code, n (synovitis score aggregation
grade) G2/G3 (LAI)
1 D? ne (ne) ne ne (ne)
v 6.5 (high) 1 —/+(0.50)
p 7 (high) 15 —(1.50)
4 D 6 (high) 1.5 +/+( 0)
\% 4 (low) 1 —/—(0.00)
P 6 (high) 2 +/+(1.20)
5 D 5.5 (high) 1 +/-(0.11)
v 4 (low) 0.5 —(0.15)
pP ne (ne) ne ne (ne)
8 D 5 (high) 1 —(0.39)
\Y 4 (low) 0 —(0.00)
p 45 (low) 0.5 +/-(0.38)
12 D 6.5 (high) 25 +/+(0.89)
v 4 (low) 0.5 +/-(0.25)
P 5.5 (high) 1.5 +/+(0.73)

D articular surface of the carpal bones (distal site), V vault of the joint capsule
(vault site), P articular surface of the radius (proximal site), G2/G3 grade 2/grade
3 cell aggregates, LAl lymphocyte aggregation index, ne not evaluable

? Non-gradable (< 4 fragments with intact synovial tissue at the section level
analyzed)

® Not performed due to patient discomfort

100

80

60

40

VAS pain (mm)

20

0

pre post 1 wk 1mo

Fig. 3 Joint pain as a measure of safety and tolerability of the biopsy
procedure. Pain at the biopsy site was measured pre-biopsy (pre),
immediately post-biopsy (post), after 1 week (7 wk), and 1 month

(7 mo) using a visual analog scale (VAS) ranging from 0 to 100 mm.
Any worsening of > 20 mm compared to pre-biopsy assessment

was interpreted as secondary to the procedure. As shown

in the figure, pain scores showed non-significant changes

with a mean (SD) AVAS of —4 (7) immediately after biopsy, 2.3 (12)

at the 1 week, and—3.3 (3.9) at the 1T month review

Discussion

Our experience demonstrates that an adequate num-
ber and quality of synovial biopsy samples can be safely
obtained with a semi-automatic core needle introduced
inside the RC joint using the anatomical snuffbox as the
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access route. Based on the co-primary outcomes of the
study, the success rate of the procedure was 95%.

We could retrieve the predetermined number of 12
samples in 90% of the procedures and obtain gradable
tissue for histopathological analyses in 19/20 biopsies,
including cases displaying minimal synovial hypertro-
phy at local US examination. Furthermore, except for
the few millimeters of the synovium lining the capsule
stretched between the radius and the scaphoid, we were
able to reach and perform targeted sampling in the entire
synovial surface, with the constant awareness, through
US guidance, of also sampling the synovium located
close to the cartilage-pannus junction, both on the carpal
and radial sides. This issue is relevant and may have an
impact on synovial tissue research both in patients with
clinically active and sub-clinical disease (remission and
pre-clinical phases). Indeed, one aspect to be considered
in the microscopic study of synovial biopsy specimens is
intra-articular variability, as synovial inflammation may
be expressed differently at different sites of the same
joint. In particular, tissue samples from sites close to the
cartilage-carpal junction may show different inflamma-
tory biomarkers that may be under/overestimated when
analyzing samples from more superficial joint sites [23—
25]. Comparing the extent and quality of the synovial
inflammatory process in different areas of the same joint
may also provide spatial information on specific patho-
genetic mechanisms, unraveling those of district origin,
which might be more closely related to complex osteitic
or enthesitic processes [26].

The entry of the biopsy instrument through the ana-
tomical snuffbox offers ample guarantees against possible
iatrogenic damage to joint tissues, especially cartilagi-
nous and extra-articular. The needle remains sufficiently
distanced from the cartilaginous floor of the carpus
throughout its journey, making it difficult, in the absence
of methodological errors, for the needle tip to encoun-
ter the cartilaginous surface. Ligamentous structures do
not reinforce the capsular area corresponding to the ana-
tomical snuftbox because the radial collateral ligament,
which runs from the radius’s styloid process to the scaph-
oid’s tubercle, is covered by the abductor pollicis longus
tendon. Therefore, entry through this area is not capable
of damaging the ligamentous structures and should not
cause joint instability, allowing a wider comfort zone for
intra-articular movement.

On the other hand, there are also specific iatrogenic
risks that should be considered when focusing on the
area of the anatomical snuffbox: (i) the path of the
radial artery and (ii) two superficial sensory branches
of the radial nerve, the superficial branch and the lat-
eral antebrachial cutaneous nerve, which are responsi-
ble for the sensitivity of the dorsum of the first finger.
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However, the radial artery crosses the snuffbox near the
trapezius-scaphoid at an average distance of 7.5 mm
from the radial styloid, and its pulsation is easily
appreciable.

Similarly, the intersection of the sensory nerve trunks
with the tendons delineating the anatomical snuffbox
occurs distally. Therefore, the most proximal area of the
anatomical snuffbox, at no more than 5 mm from the
radial styloid and close to the extensor pollicis longus,
represents the safest entry route, which protects both
the radial artery and the sensory branches.

In 1995, Steinberg et al. [27] identified a small but
substantial safe area of approximately 0.682 cm? within
the anatomical snuftbox near the radial styloid for per-
cutaneous fixation of Kirschner wires. However, Korcek
and Wongworawat [28] challenged this hypothesis,
showing that the unpredictability of the course of the
two sensory branches made it impossible to define a
proper safety zone in the anatomical snuftbox. In our
experience, based on the identification of the bottom of
the anatomical snuffbox immediately below the exten-
sor pollicis longus tendon and immediately proximal to
the trapezius as the gateway, no neurological damage
(such as hypoesthesia or dysesthesia on the dorsum of
the thumb) or damage to the radial artery (in the form
of significant hemorrhagic complications or aneurys-
mal dilatation) occurred in any of the patients. There-
fore, we believe that carefully palpating the anatomical
snuffbox and identifying the radial pulse (together with
a preliminary US examination) is sufficient to delineate
an actual safety zone for each patient and prevent iatro-
genic vascular-nervous damage.

Although specific head-to-head studies are required,
the safe wide range of motion allowing entry from the
anatomical snuffbox is likely to offer potential advan-
tages over the most used dorsal entry ports [13-15]. They
stand in the soft tissue concavity between the tendons of
the extensor pollicis longus and the extensor digitorum
or between the extensor pollicis longus and the extensor
carpi radialis longus or between the extensor digitorum
and the extensor carpi ulnaris, approximately 1 cm distal
to the Lister’s tubercle. Through these accesses, the nee-
dle enters the RC joint in a vertical direction or with an
inclination conditioned by the extensor tendons, in any
case not less than 45° in the radio-ulnar or ulnocarpal
direction. In this way, whether a forceps or a semi-auto-
matic core needle is used, the instrument penetrates the
joint by less than 2 cm at an angle that only reaches just
part of the synovial surface, missing the synovial mem-
brane that lines the dorsal vault of the joint capsule and
the extreme medial and lateral portions of the joint.

Finally, despite our proof-of-concept study allowed
us to confirm a high success rate of the procedure, it is
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important to emphasize a limitation of the analysis that
is the lack of an inter-operator variability test. Current
results should be interpreted in the context of procedures
performed by a single operator with>5 years of experi-
ence in the US-guided biopsy approach.

Conclusions

In summary, our results suggest that the use of the ana-
tomical snuffbox as a gateway for performing a synovial
biopsy of the RC joint in minimally invasive US-guided
procedures allows not only to obtain adequate synovial
tissue for histologic evaluation but may also offer a safe
complementary tool for improved sampling and targeted
analyses during single and serial procedures.

Abbreviations

us Ultrasound

RC Radiocarpal

RA Rheumatoid arthritis

GS Gray scale

PD Power Doppler

H&E Hematoxylin and eosin

IST Intact synovial tissue

TOR Tissue quality ratio

VAS Visual analog scale

DAS28 28-Joints Disease Activity Score
A Delta

SD Standard deviation

LA Lymphocyte aggregation index
ne Not evaluable

Authors’ contributions

LDS and SB conceived the work, contributed to the acquisition, analysis, and
interpretation of patient data, and drafted the manuscript. VP, GDA, TL, and BX con-
tributed to the acquisition and analysis of patient data and revised the manuscript
critically. CM and AM conceived the work and revised the manuscript critically for
important intellectual content. All the authors provided final approval of the ver-
sion to be published and agree to be accountable for all aspects of the work.

Funding
This study was supported by funding from the Fondazione IRCCS Policlinico
San Matteo, Pavia, Italy.

Availability of data and materials

Data are available upon reasonable request. Data relevant to the study are included
in the article. Deidentified participant rough data are available from the correspond-
ing author (ludovicodestefanoO1@universitadipavia.it) upon reasonable request.

Declarations

Ethics approval and consent to participate

This study involves human participants and IRCCS Policlinico San Matteo
Foundation Ethics Committee (number 20070001302) approved the study.
The participants gave informed consent to participate in the study before tak-
ing part. The study was conducted according to the Declaration of Helsinki.

Consent for publications
Not applicable.

Competing interests

CM reports grant/research support from AbbVie, Eli Lilly, Roche and Novartis,and
personal fees from AbbVie, Amgen, Bristol-Myers Squibb, Eli Lilly, Galapagos, MSD,
Novartis, Pfizer, Roche, Janssen. SB reports grant/research support from Pfizer and per-
sonal fees from AbbVie, Bristol-Myers Squibb, Eli Lilly, Galapagos, Novartis and Pizer.



De Stefano et al. Arthritis Research & Therapy (2023) 25:119

Author details

'Department of Internal Medicine and Therapeutics, Universita Di Pavia, Pavia,
Italy. 2Division of Rheumatology, Fondazione IRCCS Policlinico San Matteo,
Viale Golgi 19, 27100 Pavia, Italy. *Unit of Anatomic Pathology, Fondazione
IRCCS Policlinico San Matteo, Pavia, Italy.

Received: 27 April 2023 Accepted: 27 June 2023
Published online: 08 July 2023

References

1. Manzo A, Bugatti S, Rossi S. Clinical applications of synovial biopsy. Front
Med (Lausanne). 2019;6:102. https://doi.org/10.3389/fmed.2019.00102.
[published Online First: 20190510].

2. OrrC, Vieira-Sousa E, Boyle DL, et al. Synovial tissue research: a state-of-
the-art review. Nat Rev Rheumatol. 2017;13(8):463-75. https://doi.org/10.
1038/nrrheum.2017.115. [published Online First: 20170713].

3. Bugatti S, Manzo A, Bombardieri M, et al. Synovial tissue heterogeneity
and peripheral blood biomarkers. Curr Rheumatol Rep. 2011;13(5):440-8.
https://doi.org/10.1007/511926-011-0201-y.

4. Bugatti S, BozzallaCassione E, De Stefano L, et al. Established rheuma-
toid arthritis. The pathogenic aspects. Best Pract Res Clin Rheumatol.
2019;33(5):101478. https://doi.org/10.1016/j.berh.2019.101478. [pub-
lished Online First: 20200127].

5. Rivellese F, Humby F, Bugatti S, et al. B cell synovitis and clinical pheno-
types in rheumatoid arthritis: relationship to disease stages and drug
exposure. Arthritis Rheumatol. 2020;72(5):714-25. https://doi.org/10.
1002/art41184. [published Online First: 20200317].

6. Humby F, Durez P, Buch MH, et al. Rituximab versus tocilizumab in anti-
TNF inadequate responder patients with rheumatoid arthritis (R4RA):
16-week outcomes of a stratified, biopsy-driven, multicentre, open-label,
phase 4 randomised controlled trial. Lancet. 2021;397(10271):305-17.
https://doi.org/10.1016/50140-6736(20)32341-2.

7. Rivellese F, Surace AEA, Goldmann K, et al. Rituximab versus tocilizumab
in rheumatoid arthritis: synovial biopsy-based biomarker analysis of the
phase 4 R4RA randomized trial. Nat Med. 2022;28(6):1256-68. https://doi.
0rg/10.1038/541591-022-01789-0. [published Online First: 20220519].

8. Humby F, Kelly S, Hands R, 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 Rheu-
matol. 2015;67(10):2601-10. https://doi.org/10.1002/art.39235.

9. Humby F, Kelly S, Bugatti S, et al. Evaluation of minimally invasive, ultra-
sound-guided synovial biopsy techniques by the OMERACT Filter-deter-
mining validation requirements. J Rheumatol. 2016;43(1):208-13. https://
doi.org/10.3899/jrheum.141199. [published Online First: 20150601].

10. Humby F, Romao VC, Manzo A, 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(5):702-10. https://doi.
0rg/10.1002/art.40433. [published Online First: 20180402].

11. Sciré CA, Epis O, Codullo V, et al. Immunohistological assessment of the
synovial tissue in small joints in rheumatoid arthritis: validation of a mini-
mally invasive ultrasound-guided synovial biopsy procedure. Arthritis Res
Ther. 2007;9(5):R101. https://doi.org/10.1186/ar2302.

12. Kelly S, Humby F, Filer A, 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(3):611-7. https.//doi.org/10.1136/annrheumdis-
2013-204603. [published Online First: 20131213].

13. Tortora S, Messina C, Albano D, et al. Ultrasound-guided musculoskeletal
interventional procedures around the elbow, hand and wrist excluding
carpal tunnel procedures. J Ultrason. 2021;21(85):e169-76. https://doi.
0rg/10.15557/JoU.2021.0027. [published Online First: 20210618].

14. Michelotti BF, Chung KC. Diagnostic wrist arthroscopy. Hand Clin.
2017,33(4):571-83. https://doi.org/10.1016/j.hcl.2017.06.004.

15. Lazarou |, Kelly SG, Meric de Bellefon L. Ultrasound-guided synovial biop-
sies of wrists, metacarpophalangeal, metatarsophalangeal, interphalan-
geal joints, and tendon sheaths. Front Med (Lausanne). 2019;6:2. https://
doi.org/10.3389/fmed.2019.00002. [published Online First: 20190121].

20.

21

22.

23.

24.

25.

26.

27.

28.

Page 8 of 8

. Lampe EW. Surgical anatomy of the hand. With special reference to infec-

tions and trauma. Clin Symp. 1988;40(3):1-36.

. Najm A, Costantino F, Alivernini S, et al. EULAR points to consider for

minimal reporting requirements in synovial tissue research in rheumatol-
ogy. Ann Rheum Dis. 2022;81(12):1640-6. https://doi.org/10.1136/annrh
eumdis-2021-221875. [published OnlineFirst: 20220224].

. Bruyn GA, lagnocco A, Naredo E, et al. OMERACT definitions for ultrasono-

graphic pathologies and elementary lesions of rheumatic disorders 15
years on. J Rheumatol. 2019;46(10):1388-93. https://doi.org/10.3899/
jrheum.181095. [published Online First: 20190201].

. KrennV, Morawietz L, Burmester GR, et al. Synovitis score: discrimination

between chronic low-grade and high-grade synovitis. Histopathology.
2006;49(4):358-64. https://doi.org/10.1111/j.1365-2559.2006.02508 x.
Baeten D, Kruithof E, De Rycke L, et al. Diagnostic classification of
spondylarthropathy and rheumatoid arthritis by synovial histopathol-
ogy: a prospective study in 154 consecutive patients. Arthritis Rheum.
2004;50(9):2931-41. https://doi.org/10.1002/art.20476.

Manzo A, Paoletti S, Carulli M, et al. Systematic microanatomical analysis
of CXCL13 and CCL21 in situ production and progressive lymphoid
organization in rheumatoid synovitis. Eur J Immunol. 2005;35(5):1347-59.
https://doi.org/10.1002/eji.200425830.

Terslev L, Naredo E, Aegerter P, et al. Scoring ultrasound synovitis in rheu-
matoid 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(1):e000427. https://doi.org/10.1136/
rmdopen-2016-000427. [published Online First: 20170711].

Kraan MC, Reece RJ, Smeets TJ, et al. Comparison of synovial tissues from
the knee joints and the small joints of rheumatoid arthritis patients: impli-
cations for pathogenesis and evaluation of treatment. Arthritis Rheum.
2002;46(8):2034-8. https://doi.org/10.1002/art.10556.

Kirkham B, Portek |, Lee CS, et al. Intraarticular variability of synovial
membrane histology, immunohistology, and cytokine mRNA expression
in patients with rheumatoid arthritis. J Rheumatol. 1999,26(4):777-84.
Najm A, Costantino F, Weill C, et al. Impact of synovial biopsy procedures
and disease-specific aspects on synovial tissue outcome: a systematic
literature review informing the EULAR points to consider for the minimal
reporting requirements in synovial tissue research in rheumatology. RMD
Open 2022;8(1). https://doi.org/10.1136/rmdopen-2021-002116.

Rhodes LA, Tan AL, Tanner SF, et al. Regional variation and differential
response to therapy for knee synovitis adjacent to the cartilage-pannus
junction and suprapatellar pouch in inflammatory arthritis: implications
for pathogenesis and treatment. Arthritis Rheum. 2004;50(8):2428-32.
https://doi.org/10.1002/art.20444.

Steinberg BD, Plancher KD, Idler RS. Percutaneous Kirschner wire

fixation through the snuff box: an anatomic study. J Hand Surg Am.
1995;20(1):57-62. https://doi.org/10.1016/50363-5023(05)80059-0.
Korcek L, Wongworawat M. Evaluation of the safe zone for percutaneous
Kirschner-wire placement in the distal radius: cadaveric study. Clin Anat.
2011;24(8):1005-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.3389/fmed.2019.00102
https://doi.org/10.1038/nrrheum.2017.115
https://doi.org/10.1038/nrrheum.2017.115
https://doi.org/10.1007/s11926-011-0201-y
https://doi.org/10.1016/j.berh.2019.101478
https://doi.org/10.1002/art.41184
https://doi.org/10.1002/art.41184
https://doi.org/10.1016/s0140-6736(20)32341-2
https://doi.org/10.1038/s41591-022-01789-0
https://doi.org/10.1038/s41591-022-01789-0
https://doi.org/10.1002/art.39235
https://doi.org/10.3899/jrheum.141199
https://doi.org/10.3899/jrheum.141199
https://doi.org/10.1002/art.40433
https://doi.org/10.1002/art.40433
https://doi.org/10.1186/ar2302
https://doi.org/10.1136/annrheumdis-2013-204603
https://doi.org/10.1136/annrheumdis-2013-204603
https://doi.org/10.15557/JoU.2021.0027
https://doi.org/10.15557/JoU.2021.0027
https://doi.org/10.1016/j.hcl.2017.06.004
https://doi.org/10.3389/fmed.2019.00002
https://doi.org/10.3389/fmed.2019.00002
https://doi.org/10.1136/annrheumdis-2021-221875
https://doi.org/10.1136/annrheumdis-2021-221875
https://doi.org/10.3899/jrheum.181095
https://doi.org/10.3899/jrheum.181095
https://doi.org/10.1111/j.1365-2559.2006.02508.x
https://doi.org/10.1002/art.20476
https://doi.org/10.1002/eji.200425830
https://doi.org/10.1136/rmdopen-2016-000427
https://doi.org/10.1136/rmdopen-2016-000427
https://doi.org/10.1002/art.10556
https://doi.org/10.1136/rmdopen-2021-002116
https://doi.org/10.1002/art.20444
https://doi.org/10.1016/s0363-5023(05)80059-0

	The access route through the anatomical snuffbox in ultrasound-guided synovial biopsy of the wrist allows for a safe and effective collection of tissue samples in inflammatory arthritis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Patient inclusion
	US evaluation and US-guided synovial biopsy technique
	Synovial tissue processing
	Study outcomes
	Feasibility
	Safety and tolerability


	Results
	Discussion
	Conclusions
	References


