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Rheumatoid Arthritis — a detailed look at the many
findings that can be demonstrated with ultrasound

in Rheumatoid Arthritis
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Table 1.Basic ultrasound findings detectable in patients with chronic inflammatory arthritis.

A. Joint involvement

Ultrasound finding Presence/absence

Joint cavity widening? inflammation
Synovial hypertrophy?
Abnormal Doppler signal?
Bone erosion:

Cartilage damage?

B. Tendon involvement

Ultrasound finding Presence/absence

inflammation

Tendon sheath widening?
Synovial hypertrophy?
Abnormal Dopbler sienal ?
Loss of fibrillar echotexture?
Tear?

Enthesopathy?

Filippucci et al Nat Rev Rheumatol 2014
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Why scoring is important?
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The results of this study indicate that the efficacy of intra-articular glucocorticoid injections
varies according to ultrasound findings at the time of injection, supporting the use of

ultrasound as a tool to select joints that will benefit from intra-articular injections.

Arthritis & Rheumatology 2018
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Using non-swollen joint at the next visit as the outcome measure

Efficacy was best in swollen joints (OR 9.0; P = 0.001) and non-

swollen joints (OR 8.4; P = 0.016) with moderate PD activity.

Doppler score 2!
Arthritis & Rheumatology 2018



Scoring is not enough!






Clinical and Experimental

Subclinical ultrasound synovitis in a particular joint is
associated with ultrasound evidence of bone erosions in that RHEUMATOLOGY

same joint in rheumatoid patients in clinical remission

F.A. Vreju!, E. Filippucci®, M. Gutierrez*, L. Di Geso?, A. Ciapetti’, M.E. Ciurea’,
F. Salaffi*, W. Grassi-

I Department of Rheumatology, University of Medicine and Pharmacy Craiova, Romania;
!Clinica Reumatologica, Universita Politecnica delle Marche, Jesi (Ancona), Italy;
‘Department of Plastic Surgery, University of Medicine and Pharmacy Craiova, Romania.

Power Doppler signal was found in 30 (53.6%) of the 56 eroded aspects

and in only 41 (9.7%) out of the 424 aspects without bone erosions.

Clin Exp Rheumatol 2016
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The Reliability of Ultrasound in
the Assessment of Hyaline

Cartilage in Rheumatoid
Arthritis and Healthy
Metacarpal Heads

Edoardo Cipolletta, Emilio Filippucci, Andrea Di Matteo,
Giulia Tesei, Micaela Ana Cosatti, Marco Di Carlo,
Walter Grassi

The SDD value of the US measurement of cartilage thickness

US can reliably detect thinning of metacarpal head hyaline cartilage of
0.09 mm which corresponds to a mean reduction of 14% of the
standard thickness in healthy subjects (approximately 0.60-0.68 mm).

Ultraschall Med. 2020 Oct 30



Artificial intelligence for ultrasound informative image-selection of metacarpal head cartilage. A
pilot study.

Edoardo Cipolletta®”, Maria Chiara Fiorentino?, Sara Moccia®?, Irene Guidotti?, Walter Grassit, Emilio
Filippucci*, Emanuele Frontoni?

1 Rheumatology Unit, Department of Clinical and Molecular Sciences, Polytechnic University of
Marche, Ancona, ltaly.

2 Department of Information Engineering, Polytechnic University of Marche, Ancona, Italy

3 Department of Advanced Robotics, Italian Institute of Technology, Genoa, Italy

“MHC identifier 1” This study paves the way for the
automatic identification of informative
| ultrasound images for assessing

metacarpal head hyaline cartilage

I Frontiers in Medicine, 2021






Annﬁs of the CART' LAG E DAMAG E T
Rheumatic w - —
. MCP joint
Diseases
0 = normal hyaline cartilage ' T':i:;. =
N
1 = loss of the sharpness of the
superficial margin of the hyaline :
cartilage — ==
2 = partial-thickness defect of the = —- :,-—---\\
cartilage layer '
3 = full-thickness defect of the —
cartilage layer with a normal St
subchondral bone profile "

Filippucci E, et al. ARD 2010




Il compartment of the extensor tendons




Il compartment of the extensor tendons
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Discover the unexpecte




Ultrasound Can Improve the Accuracy of the 2010
American College of Rheumatology/European League Against
Rheumatism Classification Criteria for Rheumatoid Arthritis to

Predict the Requirement for Methotrexate Treatment

Daiki Nakagomi, Kei Tkeda, Ayako Okubo, Taro Iwamoto, Yoshie Sanayama,
Kentaro Takahashi, Mieko Yamagata, Hiroaki Takatori, Kotaro Suzuki,
Katsuhiko Takabayashi, and Hiroshi Nakajima

YES!

Arthritis & Rheumatism 2013



Ultrasound Can Improve the Accuracy of the 2010
American College of Rheumatology/European League Against
Rheumatism Classification Criteria for Rheumatoid Arthritis to

Predict the Requirement for Methotrexate Treatment

Daiki Nakagomi, Kei Ikeda, Ayako Okubo, Taro Iwamoto, Yoshie Sanayama,
Kentaro Takahashi, Mieko Yamagata, Hiroaki Takatori, Kotaro Suzuki,
Katsuhiko Takabayashi, and Hiroshi Nakajima

Patients who developed a disease requiring MTX treatment within 1 year

Sensitivity % Specificity %

Clinical synovitis 58.5 79.4

Ultrasound G521 /8 79.4
synovitis GS22/PDz1 56.1 93.7




EXTENDED REPORT

Should oliﬁoorthri’ris be reclassified? Ultrasound reveals a

high prevalence of subclinical disease

R J Wakefield, M J Green, H Marzo-Ortega, P G Conaghan, W W Gibbon, D McGonagle,
S Proudman, P Emery

Sonography detected more synovitis than clinical examination in
patients with oligoarthritis. In almost two thirds of patients there was
evidence of subclinical disease while one third could be reclassified
as polyarticular. These findings suggest that a definition of
oligoarthritis based purely on clinical findings may be inappropriate,

which may have important implications for disease management.

Ann Rheum Dis 2004



Presence of Significant Synovitis in
Rheumatoid Arthritis Patients With
Disease-Modifying Antirheumatic Drug-Induced
Clinical Remission

Evidence From an Imaging Study May Explain Structural Progression

A. K. Brown,"! M. A. Quinn,' Z. Karim,' P. G. Conaghan,' C. G. Peterfy,” E. Hensor,'
R. J. Wakefield,' P. J. O’Connor,’ and P. Emery’

In 31 asymptomatic rheumatoid patients with clinically normal joints

U S showed that /3% had gray-scale synovial hypertrophy and
43% had increased power Doppler signal.

I\/I Rl showed that 96% had synovitis and A46% had bone marrow edema

Arthritis & Rheumatism 2006
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Table 4. Associations between the clinical and imaging findings at baseline and radiographic progres-
sion in individual joints (dominant-hand MCP joints) over 12 months*®

No radiographic ~ Radiographic
progression progression OR
Baseline variable (n = 370) (n = 10) (95% CT)

Clinical findings, no. (%) of patients
Painful joint count 12 (3) 1 (10) 3.32(0.39, 28.30)
Tender joint count 18 (5) 1 (10) 2.17(0.26, 18.10)
Swollen joint count 75 (20) 3(30) 1.69 (0.43, 6.67)
Imaging findings
US SH score, median (IQR) 1 (0-1) 1(0-2) 2.31 (1.06, 5.52)
US PD score, median (IQR) 0 (0-0) 0.5(0-2) 4.00 (1.98, 8.08)
MRI synovitis score, median (IQR) 0 (0-1) 2.5(0-3) 2.98 (1.49,5.97)
MRI BME score, median (IQR) 0 (0-0) 0 (0-0) 2.26 (0.98, 5.22)
A iti 203.(55) 2L70) 1.02.(0.40 7 543

No. (%) US PD signal positive 28 (8 5%503 12.21 (3.34, 44.73
5(63)

No. (7z) MRI synovitis positiver 160 (45) 1. 42, 7.6 4
No. (%) MRI BME positivey 20 (6) 1(13) 2.23 (0.26, 19.00) 0.464

“MCP = metacarpophalangeal; OR = odds ratio; 95% CI = 95% confidence interval; US =
ultrasonography; SH = synovial hypertrophy; IOR = interquartile range; PD = power Doppler; BME =
bone marrow edema.

T Magnetic resonance imaging (MRI) was performed in 340 joints (332 without radiographic progression
and 8 with radiographic progression).

Arthritis & Rheumatism 2006




Synovitis in rheumatoid arthritis detected by grey RHEUMATOLOGY
scale ultrasound predicts the development of

erosions over the next three years

Burkhard Méller ®'*, Daniel Aletaha?, Michael Andor®, Andrew Atkinson'*,
Berengere Aubry-F{oziers, Laure Brulhartﬁ’*, Diana Dans, Axel Finckh7,
Véronique Grobéty®, Peter Mandl 2, Raphael Micheroli®,

Michael John Nissen”*, Alexander M. Nydegger'®, Aimut Scherer?,

Giorgio Tamborrini"’*, Hans-Rudolf Ziswiler'®* and Pascal ZuffereyS’*, and the
SONAR group for musculoskeletal ultrasound in the Swiss Clinical Quality
Management (SCQM) Foundation

Higher levels of grey scale and power Doppler US synovitis are associated
with the . Grey scale US appears to be an essential
component of synovitis assessment and an independent predictor of joint

damage progression in patients on biological DMARD:s.

Rheumatology 2019



EXTENDED REPORT Annals of the

Ultrasound findings predict progression to Rheumatic
inflammatory arthritis in anti-CCP antibody-positive Diseases

patients without clinical synovitis

Jackie L Nam,"? Elizabeth M A Hensor,"? Laura Hunt,"* Philip G Conaghan,'~?
Richard J Wakefield "2 Paul Emtﬂ_=ry1'2

Ultrasound features of joint inflammation may be detected in anti-CCP-positive patients
without clinical synovitis. Ultrasound findings predict progression (and rate of
progression) to inflammatory arthritis, with the risk of progression highest in those with

power Doppler signal.

Ann Rheum Dis 2015



Early arthritis Annals of the

CLINICAL SCIENCE Rheumatic

Ultrasound erosions in the feet best predict Diseases
progression to inflammatory arthritis in anti-CCP

positive at-risk individuals without clinical synovitis

Andrea Di Matteo @ ,"* Kulveer Mankia ® ," Laurence Duquenne,'”
Edoardo Cipolletta @, Richard J Wakefield, ' Leticia Garcia-Montoya,

1.3

Jacqueline Leong Nam, ' Paul Emery

In individuals at-risk of rheumatoid arthritis (e.g. anti-CCP+ with musculoskeletal
symptoms but without clinical arthritis), bone erosion in the feet appear to precede the
onset of clinical synovitis. Bone erosions in >1 joint, and bone erosion in combination

with ultrasound synovitis in the MTP5 joints, are the most predictive for the development

of clinical arthritis.
Ann Rheum Dis 2020



Ultrasound-detected bone erosion is a
relapse risk factor after discontinuation of
biologic disease-modifying antirheumatic
drugs in patients with rheumatoid arthritis
whose ultrasound power Doppler synovitis

activity and clinical disease activity are well
controlled

Shin-ya Kawashiri'**", Keita Fujikawa®, Ayako Nishino®®, Akitomo Okada® Toshiyuki Aramaki’, Toshimasa Shimizu?,
Masataka Umeda®, Shoichi Fukui®, Takahisa Suzuki®, Tomohiro Koga®, Naoki lwamoto®, Kunihiro Ichinose’,

Mami Tamai®, Akinari Mizokami®, Hideki Nakamura®, Tomoki Origuch®, Yukitaka Ueki®, Kiyoshi Aoyagi®,

Takahiro Maeda' and Atsushi Kawakami®

Ultrasound bone erosion may be a relapse risk factor after the discontinuation of
bDMARD therapy in patients with rheumatoid arthritis whose power Doppler synovitis

activity and clinical disease activity are well controlled.

Arthritis Research & Therapy 2017



RHEUMATOLOGY

Bone erosions in rheumatoid arthritis: ultrasound
findings In the early stage of the disease
Maria-Magdalena Tamas ', Emilio Filippucci®, Andrea Becciolini?,

Marwin Gutierrez®, Luca Di Geso?, Karina Bonfiglioli®, Paraskevi V. Voulgari®,
Fausto SalaffiZ and Walter Grassi®

Objective. The objective of this study was to determine the prevalence and distribution of
bone erosions detectable by US in patients with early RA (<12 months of disease duration)

In comparison with long-standing RA, other erosive diseases and healthy controls.

Rheumatology 2014



RHEUMATOLOGY

Bone erosions in rheumatoid arthritis: ultrasound
findings In the early stage of the disease
Maria-Magdalena Tamas ', Emilio Filippucci®, Andrea Becciolini?,

Marwin Gutierrez®, Luca Di Geso?, Karina Bonfiglioli®, Paraskevi V. Voulgari®,
Fausto SalaffiZ and Walter Grassi®

Results. At least one US bone erosion was found in 20 (66.7%) of 30 patients with ERA
and in 10 (33%) of them it was found on the fifth metatarsal head. Bone erosions

were most frequently found on the lateral quadrants of all scanned anatomical sites.

Rheumatology 2014



RHEUMATOLOGY

If the Il and V metacarpal heads and the V metatarsal head were
scanned (15 minutes: 5 min/joint, bilaterally), an erosive disease could
be found in 60% of ERA patients. When

were examined ( ), US detected
Rheumatology 2014






ORIGINAL ARTICLE

Ultrasound assessment of carpal tunnel in rheumatoid arthritis

and idiopathic carpal tunnel syndrome

Gianluca Smerilli ' + Andrea Di Matteo "* « Edoardo Cipolletta' « Sergio Carloni® « Antonella Incorvaia'
Marco Di Carlo ' - Walter Grassi' - Emilio Filippucci

The sonographic spectrum of CTS in RA patients is characterized
by an inflammatory pattern, defined by the presence of finger
flexor tendons tenosynovitis and/or radio-carpal joint synovitis.
Conversely, a marked median nerve swelling is the dominant

feature in idiopathic CTS.

Smetrilli et al. Clinical Rheumatology 2020



ORIGINAL ARTICLE

Ultrasound assessment of carpal tunnel in rheumatoid arthritis

and idiopathic carpal tunnel syndrome

Gianluca Smerilli ' + Andrea Di Matteo "* « Edoardo Cipolletta' « Sergio Carloni® « Antonella Incorvaia'
Marco Di Carlo ' - Walter Grassi' - Emilio Filippucci

The average CSA of the median nerve was higher

in than in RA wrists with CTS
(17.7 mm?2vs 10.6 mm?2, p < 0.01).

Smetrilli et al. Clinical Rheumatology 2020
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H Therapeutic Advances in Musculoskeletal Disease Review

The sonographic identification of cortical

2021, Vol. 13: 1-11

bone interruptions in rheumatoid arthritis: TSHT2iNE 00432
© The Authorls), 2021.

a morphological approach

sagepub.com/journals-
permissions

Edoardo Cipolletta*'=’, Gianluca Smerilli*, Andrea Di Matteo, Jacopo Di Battista,
Marco Di Carlo, Walter Grassi and Emilio Filippucci

...additional features may be considered to facilitate the interpretation of
ultrasound cortical bone interruptions in rheumatoid arthritis. These could be

summarised using the following four domains: size, site, shape and scenery.



How many joints?



Ultrasonographic assess- US assessment included bilateral wrist,
ment of inflammatory
activity in rheumatoid
arthritis: Comparison of PIP of hands and knee joints.
extended versus reduced

second and third MCP, second and third

joint evaluation

US evaluation

E. Naredo. F. Gamero,
G. Bonilla, J. Uson,

L. Carmona', A. Laffon less than 10 minutes

of 12 joints can be performed in

Reduced joint US evaluation that included the most frequently involved joints by
US, such as the 12A-joint and the 18-joint hereby proposed, correlated highly
with the extended US assessment, as well as showing a similar correlation with
the clinical and l|aboratory parameters of inflammatory activity to the

corresponding 60-joint US evaluation.

Clin Exp Rheumatol 2005



Evaluation of a Novel 7-Joint Ultrasound Score in
Daily Rheumatologic Practice: A Pilot Project

M. BACKHAUS,' S. OHRNDORF,' H. KELLNER,? J. STRUNK,® T. M. BACKHAUS,' W. HARTUNG,*
H. SATTLER,” K. ALBRECHT,® J. KAUFMANN,” K. BECKER,? H. SORENSEN,’ L. MEIER,"’
G. R. BURMESTER,' axp W. A. SCHMIDT"

Synovitis

dorsal +PD | MCP ILIN
palmar +PD | dorsal +D
ulnar +PD | palmar +D

@
ey
c
o
=
©
B
[
o

@
=
>
o]
c
>
@
o
=
[t
@
-
2
®
o
1)

MCP IL,Il dorsal,
palmar,

MCP Il radial
PIP 11,0l dorsal,
palmar

1 joint 4 joints

7 joints

Arthritis & Rheumatism 2009



RESEARCH ARTICLE Open Access

Comparisons of 7- to 78-joint ultrasonography
scores: all different joint combinations show

equal response to adalimumab treatment in
patients with rheumatoid arthritis

Hilde Berner Hammer and Tore K Kvien

The reduced joint combinations were highly associated to the 78-joint score.
Furthermore, all the joint combinations presently explored responded well to

biological treatment.

Arthritis Research & Therapy 2011



Clinical and Experimental

Editorial RHEUMATOLOGY

From DAS 28 to SAS 1

W. Grassi!, I. Gaywood?, I. Pande?, E. Filippucci

We argue that meaningful clinical information on disease activity and the achievement of

remission may be available from serial monitoring of a single sentinel joint, using the most

active joint on initial ultrasound assessment of the second to fifth metacarpophalangeal

joints of both hands.

Clin Exp Rheumatol 2012



Research agenda

identify cut-off levels defining thresholds between normal and pathological Doppler
findings

to assess the predictive validity of colour and/or power Doppler in patients with early
rheumatoid arthritis using radiographic status or functional impairment as future
gold standard outcome

to investigate the impact of intra-articular Doppler signal in rheumatoid patients in
clinical remission

to define the best scoring systems to assess disease activity and structural damage in
patients with rheumatoid arthritis

to develop an artificial intelligence to assist the sonographers in assessing ultrasound

images showing rheumatoid synovitis
to develop a teaching program aimed at obtaining agreement in the assessment of
ultrasound images and enhancing sharing experiences
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