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The excellent spatial resolution and 
sensitivity to detect slow vascular flow are 
important technical features. They enable 
the detection of active inflammation 
and irreversible damage in RA. 

   The low costs, safety, accessibility of the 
technology in rheumatology practice along 
with the ability to perform a dynamic 
bedside examination of multiple sites are 
additional advantages of ultrasound. 

   In this ebook we will demonstrate the 
use of musculoskeletal ultrasound in 
RA, show how it can improve the diagnosis 
and management of patients with RA 
and contribute to modern treat to target 
approaches. 
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Rheumatoid Arthritis (RA) is an inflammatory 
disease that has a wide range of clinical 
manifestations. 

   While history and the clinical exam are 
important cornerstones in the assessment of 
patients with RA, limitations exist both in the 
validation of early diagnosis as well as the 
reliable demonstration of ongoing 
disease activity in established disease.  

 The recognition of the superiority of a 
treat-to-target approach in terms of 
outcomes has reiterated the need for 
objective measures of disease activity to 
guide treatment decisions. Imaging and 
ultrasonography in particular may play an 
important role in this context.



Ultrasonography in RA - Introduction
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Cutolo M. et al. Burden of disease in treated rheumatoid arthritis patients: going beyond the joint. Semin Arthritis Rheum, 2014; 43:479-88. 

 

 

• joint damage & bone destruction (pain, disability
and work limitation)

• systemic inflammatory effects (extra-articular
comorbidities  and psychosocial deficits)

• loss of quality of life and higher morbidity and
mortality

RA is a chronic inflammatory disease characterized by 
autoimmunity and polyarticular synovial inflammation 
subsequently causing:



Ultrasonography in RA - Introduction
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• Early treatment reduces inflammation, resulting in limited structural change and better long-term
outcomes.

Schipper LG. Ann Rheum Dis, 2012; Rantalaiho V. Ann Rheum Dis, 2014; Markusse IM. Ann Intern Med, 2016; Gibofsky A. Am J Manag 
Care,2014; Smolen JS. Ann Rheum Dis, 2016



Ultrasonography in RA - Introduction
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• Recently, advances in the field of imaging techniques have resulted in US and MRI being
recommended for diagnosing and monitoring disease activity in RA patients

Cutolo M et al. Burden of disease in treated rheumatoid arthritis patients: going beyond the joint. Semin Arthritis Rheum, 2014 43:479-88. 
Aletaha et al. 2010 Rheumatoid Arthritis Classification criteria. Arthritis Rheumatology 2010; 62: 2569-2581. 

MCP joint with distension of the synovial 
recess and pathologic Doppler signals.



Ultrasonography in RA - Rationale
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• Ultrasonography can diagnose both inflammation and structural damage in RA

Padovano I. et al. Prevalence of ultrasound synovial inflammatory findings in healthy subjects Ann Rheum Dis, 2015; 75:1819-23.
Andersen M. et al. Ultrasound colour Doppler is associated with synovial pathology in biopsies from hand joints in rheumatoid arthritis 
patients: a cross-sectional study. Ann Rheum Dis, 2014; 73:678-83.



Pathology in RA - Synovitis
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• Synovitis = hypoechoic synovial hypertrophy and
synovial Doppler signal (OMERARCT US group
definition)

• As synovial effusion is the most frequently US
abnormality in healthy subjects it is not included in
the synovitis definition

• Conversely, synovial hypertrophy is less frequently
found in healthy subjects, and even less when
associated with intrasynovial PD signal, suggesting
that those abnormalities were more likely to be
specific for synovial inflammation

• US colour Doppler is associated with synovial
pathology in biopsies of the joints in RA patients

Padovano I. et al. Prevalence of ultrasound synovial inflammatory findings in healthy subjects Ann Rheum Dis, 2015; 75:1819-23.
Andersen M. et al. Ultrasound colour Doppler is associated with synovial pathology in biopsies from hand joints in rheumatoid arthritis 
patients: a cross-sectional study. Ann Rheum Dis, 2014; 73:678-83.



Harman H. et al. Improvement of large-joint ultrasonographic synovitis is delayed in patients with newly diagnosed rheumatoid arthritis: 
results of a 12-month clinical and ultrasonographic follow-up study of a local cohort. Clinical Rheumatol, 2015;34:1367-74.
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Pathology in RA - Synovitis & Treatment Response

Earliest response to treatment may be 
detected by Doppler after 7 days and 
by B-mode after 2 weeks for synovial 
hyperthrophy and after 4 weeks for 
synovial effusion 

Synovitis in larger joints tends to 
resolve later than synovitis in small 
joints 

Baseline B-mode showing distension of 
synovial recess with synovial hypertrophy.

Baseline Doppler mode showing pathologic 
signals within synovial hypertrophy.

4 weeks into treatment resolution of Doppler 
signals and improvement in distension of 
synovial recess with synovial hypertrophy.



• Tenosynovitis is characterized by anechoic
(fluid) or hypoechoic (synovial hypertrophy)
material surrounding the tendon that may
display increased Doppler signals

• Because tenosynovitis is a common disease
manifestation and may predict erosive
development, and it is also difficult to assess
appropriately by physical examination, this
finding is highly relevant on ultrasound
imaging.

Ammitzbøll-Danielsen. The Use of the OMERACT Ultrasound Tenosynovitis Scoring System in Multicenter Clinical Trials. J Rheum, 2018;45:165-169.
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Extensor carpi ulnaris longitudinal view, both images 
are Doppler images

Pathology in RA - Tenosynovitis

4 months later



Ramrattan LA, Kaeley GS. Sonographic Characteristics of Extensor Tendon Abnormalities and Relationship With Joint Disease Activity in 
Rheumatoid Arthritis: A Pilot Study. J Ultrasound Med 2017;36:985-92.
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Pathology in RA - Paratenonitis
Paratenonitis also occurs in RA. It is defined best in short axis with hypoechoic or anechoic material 
around the extensor tendon. (1) Most scoring systems do not include tenonitis in synovitis scoring. 

A. Increased vascularity at the
superficial extensor tendon.
(Arrow heads)

B. Short axis at level of metacarpal
neck showing hypoechoic
material around extensor
tendon (E). Note that the
synovial recess is below
transverse ligament (T).

Images  courtesy Dr. Gurjit Kaeley 
Jacksonville, Florida
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Pathology in RA - Enthesitis

• Enthesopathy is a common feature of SpA, but can also be found in RA. US
features of enthesopathy may be non-specific. Note that as RA can involve
synovial sheaths and tendons, it may secondarily lead to entheseal reaction.

Scutellari PN, Orzincolo C. Rheumatoid arthritis: sequences. Eur J Radiol1998;27Suppl1:S31–8.
Ebstein E, Coustet B, Masson-Behar V et al. Enthesopathy in rheumatoid arthritis and spondyloarthritis: An ultrasound study 
Joint Bone Spine 85 (2018) 577–581
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Pathology in RA - RA vs. PsA 

RA

PsA

images courtesy Dr. Lihi Eder, Toronto

• Clinical synovitis in RA is
characterized by involvement of
predominantly intracapsular
structures whereas PsA involves
both intra- and extracapsular
structures

• Such extra-capsular structures may
include the extensor peri-tenon in
the digits, the lateral collateral
ligaments and the surrounding soft
tissue.

• It has been suggested that this
pattern may help to differentiate
between PsA and rheumatoid
arthritis.

Ritchlin CT, Colbert RA, Gladman DD. Psoriatic Arthritis. N Engl J Med. 2017 Mar 9;376(10):957-970.
Eder L, Aydin SZ. Imaging in Psoriatic Arthritis-Insights About Pathogenesis of the Disease. Curr Rheumatol Rep. 2018 Oct 29;20(12):77.
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Primary OA Secondary OA

Pathology in RA - RA vs. OA

Osteoarthritis can frequently accompany RA. One should expect to see the significant synovial 
proliferation in addition to the osteophytes and joint space narrowing, in case of secondary OA.
There is no definite cut off though between RA and OA in terms of the degree of synovial 
proliferation. 

Hussain S et al. Ultrasonography-detected subclinical inflammation in patients with hand osteoarthritis and established rheumatoid 
arthritis: a comparison between two different pathologies using the same ultrasound examination protocol. Musculoskeletal Care. 
2018;16:26-31.
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Pathology in RA - RA vs. Gout

Crystal deposit can be detected as hyperechoic aggregates within the synovial 
tissue (a) OR as an accumulation on top of the cartilage (double contour sign 
in gout) (b).

A B
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Pathology in RA - RA vs. Pseudogout

Crystal deposit can be detected as hyperechoic aggregates within the synovial 
tissue (a) OR as hyperechoic spots within the cartilage (b).

A B



Fluid around the biceps tendon 
Blue arrow Sacromial-Subdeltoid Bursa (SAD)Pathology

Doppler pathologyB-mode pathology

Healthy
Deltoid muscle

Subdeltoid 
bursa

Biceps

HumerusSubscapularis

SHOULDER

ELBOW

WRIST

FINGER

HIP

KNEE

ANKLE/FOOT

Shoulder in RA - Biceps tenosynovitis & SAD bursitis
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Deltoid muscle

Biceps tendon

Humerus

B-mode Pathology

B-mode healthy

distended tendon sheath

Distension of the tendon sheath, please note the biceps tendon sheath 
communicates with the shoulder joint and synovial fluid from arthritis of the 
shoulder may extend into it.

SHOULDER

ELBOW

WRIST

FINGER

HIP

KNEE

ANKLE/FOOT

Shoulder in RA - Biceps Tenosynovitis long
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Doppler Pathology



Shoulder in RA – Synovitis Glenohumeral joint

Infraspinatus muscle & 
myotendinous junction

Glenoid Humerus

SHOULDER

ELBOW

WRIST

FINGER

HIP

KNEE

ANKLE/FOOT
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B  -mode healthy

Doppler PathologyB-mode Pathology

= distended synovial recess, Doppler can be less sensitive 
due to depth and often negative. Using a convex probe 
with lower Doppler frequency can increase sensitivity.



Effusion, extending to the annular recess and synovitis 

B-mode
pathology

Healthy

Radius
Humerus
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ELBOW

WRIST

FINGER

HIP

KNEE

ANKLE/FOOT

Elbow in RA – Synovitis Humeroradial Joint 
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Doppler 
pathology



Elbow in RA – Synovitis Humeroulnar Joint
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Effusion and synovitis, no intrasynovial Doppler signals

Doppler pathologyB-mode pathology

UlnaHumerus

Healthy



Elbow in RA – Synovitis anterior transverse

Doppler pathologyB-mode pathology

Healthy
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WRIST

FINGER

HIP

KNEE

ANKLE/FOOT
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Effusion and synovial hypertrophy of 
the elbow joint in the area of  trochlea 
and capitellum (blue dots) .

Absence of intrasynovial Doppler signals 
(blue dots).



Elbow in RA – Synovitis posterior longitudinal 
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Effusion and fluid, synovial 
proliferation suggestive of synovitis. 

Effusion and fluid, synovial proliferation 
and increased Doppler suggestive of 
synovitis

OlecranonTriceps

Humerus

B-mode pathology Doppler pathology

Healthy



Elbow in RA – Synovitis posterior transverse 
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Effusion and synovial hypertrophy of the posterior humeroulnar joint (olecranon 
fossa) with intrasynovial Doppler signals (right image).



Elbow in RA – Rheumatoid Nodule posterior
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Rheumatoid nodules (blue dots) along the Triceps 
tendon, do not mistake for bursitis.
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Effusion and synovitis in the radiocarpal 
and midcarpal joint (dots) and irregular 
bone contour lunate bone (arrow).

Increased Doppler signals within both 
synovial recesses.

The wrist in RA - Synovitis  radiocarpal & midcarpal

Radius
Lunate

Capitate MC

Extensor tendonRetinaculum

Healthy SHOULDER

ELBOW

FINGER

HIP

KNEE

ANKLE/FOOT

WRIST
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The wrist in RA - Synovitis radioulnar joint

Effusion (dot) and synovial hypertrophy 
(arrows)  in the distal radioulnar joint

Effusion and synovitis in the distal radio-
ulnar joint with hypervascularization. Please 
note reverberation artefact (arrow) as no 
blood vessels should be present within the 
fluid but only in the synovial proliferation.

TIP: Don't overestimate Doppler signals !
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ANKLE/FOOT

WRIST
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• Synovitis may be found in places other
than the carpal joints and radioulnar joint.

• The prestyloid recess is a synovium-lined
pouch with direct connection to the rest
of the radiocarpal compartment. It is
most commonly a saccular space
bordered by the meniscal homologue
distally, the TFC attachments to the ulnar
styloid process proximally, and the
central TFC disk radially.

Distension of the prestyloid process (blue dot).

The wrist in RA - Synovitis in unusual locations

Ulna
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FINGER

HIP

KNEE

ANKLE/FOOT

WRIST
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Parona's space longitudinal view (top, 
arrow) and transverse view (botttom, dot).

The wrist in RA - Synovitis in unusual locations

flexor tendons

pronator quadratus

flexor tendons
The space of Parona is a 
potential space in the distal 
forearm / volar wrist, deep to the 
flexor tendons. 

The space lies between the 
fascia of the pronator quadratus 
muscle and the flexor digitorum 
profundus tendon sheath.

pronator 
quadratus
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ELBOW

FINGER

HIP
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ANKLE/FOOT

WRIST
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TIP: Do not overestimate the EDM thickness because 
of the synovial tendon sheath proliferation.

The wrist in RA - Extensor Tenosynovitis I

Proliferative and exsudative tenosynovitis (arrow) of the extensor digiti minimi (EDM) 
with hypervascularization.
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The wrist in RA - Extensor Tenosynovitis II

Proliferative (arrows) and exsudative 
(anechoic=black) tenosynovitis  of 
the extensor digitorum communis 
(T=tendon)

T
T T

proximal distal

transverse

SHOULDER

ELBOW

FINGER

HIP

KNEE

ANKLE/FOOT

WRIST
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The wrist in RA - ECU tendon sheath

J o i n t  e f f u s i o n T e n o s y n o v i t i s

Accumulation of 
synovial fluid on 
one side of ECU 
(dot) due to 
TFCC tear and 
passage of 
effusion from 
DRU to ECU 
tendon sheath.   

ECU
ECU

ECU ECU

Accumulation 
of synovial fluid 
ECU due to 
proliferative 
and exsudative 
tenosynovitis, 
effusion DRU 
separate (dot)

TFCC 
tear
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HIP

KNEE

ANKLE/FOOT

WRIST

ECU = Extensor carpi ulnaris
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The finger in RA - Synovitis MCP joint I

Metacarpal 
bone

Extensor tendon

Synovitis of the MCP joint:
Effusion, synovial hypertrophy and irregular bone contour on B-mode (left) but 
absence of intrasynovial Doppler signals (right).

Healthy

B-mode pathology Doppler pathology
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The finger in RA - Synovitis MCP joint II

Metacarpal 
bone

Extensor tendon

B-mode
pathology

 Doppler 
pathology

Healthy

Synovitis of the MCP joint:
Effusion and mostly synovial hypertrophy on B-mode (left) and intrasynovial 
Doppler signals (right)
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The finger in RA - Erosion

MCP 2 transverse and longitudinal Blue Arrow = Erosion
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Effusion, synovial hypertrophy and synovial hypervascularization, large 
errosion femoral head.

Doppler pathology

Hip in VA – Synovitis longitudinal

Healthy

Iliopsoas 
muscle

Anterior joint 
capsule

Posterior joint capsule
Femur

Acetabulum

Labrum
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B-mode pathology
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Effusion, synovial hypertrophy and synovial hypervascularization.

Hip in VA – Synovitis transverse
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Trochanteric bursitis, transverse 

Healthy Pathology

Posterior Anterior

Greater 
trochanter 

Transverse

3 2

1

Hip in RA – Trochanteric Bursitis
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Effusion Effusion and increased Doppler signals

Prefemoral fat

Femur

Quadriceps 
tendon

Recess

Knee in RA – Synovitis Suprapatellar long

Patella

Healthy

Doppler pathologyB-mode pathology

Suprapatellar fat 
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Effusion Effusion and increased 
Doppler signals

Doppler pathology

Medial 
parapatellar 

recesses

Medial retinaculum

Patella

Knee in RA – Synovitis parapatellar

Healthy

B-mode pathology
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KNEE

Superficial and deep layer of medial collateral ligament

Femur Tibia

Doppler pathologyB-mode pathology

Effusion Distension synovial recess medial knee

Healthy

Knee in RA – Synovitis medial

 Meniscus
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ANKLE/FOOTTibiotalar synovitis 

Intra-articular fat
Tibia

Talus

Joint capsule

Doppler pathologyB-mode pathology

Healthy

Ankle in RA – Synovitis tibiotalar long
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Absence of Doppler signals within 
synovial hypertrophy

The tibiotalar joint is not necessarily a very sensitive location for the 
detection of Doppler signals within synovial hypertrophy.
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Tenosynovitis of the tibialis anterior  tendon in transverse view.

Doppler pathologyB-mode pathology

Healthy

Ankle in RA – Tenosynovitis anterior
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Tenosynovitis of the tibialis anterior tendon in longitudinal view.

Ankle in RA – Tenosynovitis anterior longitudinal
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Synovial fluid and proliferation around 
Peroneus tendons.

Doppler pathologyB-mode pathology

Healthy

Pathologic Doppler signals within 
synovial proliferation.

Ankle in RA – Tenosynovitis peroneal

Fibula

Peroneus 
longus

Peroneus
brevis

Peroneal 
tubercle

Peroneus 
brevis

Peroneus 
longus
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Ankle in RA – Tenosynovitis peroneal longitudinal
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Synovial fluid, proliferation and increased Doppler signals within tendon sheath.
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Doppler pathologyB-mode pathology

Healthy

PhalanxMetatarsal

Synovial fluid and proliferation Synovial fluid, proliferation and 
increased Doppler signals

Toe in RA – MTP Synovitis
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Examples of significant synovial proliferation in MTP synovitis.

Toe in RA – MTP Synovitis

Introduction     Rationale      Pathology  Findings in specific joints  Reporting and Scoring 



MSUS Report

Iagnocco A et al. The Italian MSUS Study Group recommendations for the format and content of the report and documentation in musculoskeletal 
ultrasonography in rheumatologyRheumatology (Oxford) 2014; 53:367–373

Calgary, mm/dd/yyyy
John Cruz
 mm/dd/yyyy

Wrist swelling lasting 2 months. Suspected tenosynovitis

Wrist joint recesses and tendons

Machine X
High-frequency linear array probe (10 to 18 MHz)

Distension of the dorsal recess of the radiocarpal joint due to the 
presence of synovial effusion (score 3) and synovial hypertrophy 
(score 2) with signs of vascularization on PD (score 3). Normal 
aspect of the extensor and flexor tendons of the wrist

Conclusions: Synovitis of the radiocarpal joint
Signature

The report is an integral part of the MSUS examination and its implementation in a homogenous form can assist in 
the correct interpretation of the findings

Include representative images of 
the pathological findings.
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Scoring systems are essential to quantify pathological findings and to 
evaluate the efficacy of therapeutic interventions

Synovitis may be assessed using any of the following:

1 2
Qualitative approach (based on the 

description of changes in synovial 
hypertrophy, joint effusion, and 

Doppler signals)

Quantitative approach 
(measurements, pixel 

count, etc.)

Semiquantitative scores 
(4-point scale : 0: 
absent, 1: mild, 2: 
moderate, and 3:

severe)

3
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Longitudinal scan MCP Doppler grade 3Longitudinal scan MCP B-mode grade 2

• Semiquantitative Scoring Systems to assess synovitis of the wrist/hand have been developed1,2

• They have been validated for RA and are ready to be used clinically1,2
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Grading – Semiquantitative Scoring

Backhaus TM et al. The US7 score is sensitive to change in a large cohort of patients with rheumatoid arthritis over 12 months of 
therapy. Ann Rheum Dis. 2013;72:1163-9.
Ramrattan LA, Kaeley GS. Sonographic Characteristics of Extensor Tendon Abnormalities and Relationship With Joint Disease Activity in 
Rheumatoid Arthritis: A Pilot Study. J Ultrasound Med 2017;36:985-92.



d'Agostino MA, Terslev, L, Aegerter P 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 Jul 11;3(1):e000428.
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Grading – Semiquantitative Scoring Omeract
• EULAR-OMERACT scoring method for synovitis on ultrasound
• This scoring method includes the presence and severity of a) synovial hypertrophy on

grey scale (excluding any effusion) and b) Doppler signals
• Both synovial hypertrophy and Doppler signals are graded on a scale between 0-3
• Synovial hypertrophy & Doppler signals are combined, most severe determines grade
• Please note that grade 1 findings are common in healthy individuals
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Grading – Semiquantitative Scoring Omeract B-mode

d'Agostino MA, Terslev, L, Aegerter P 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 Jul 11;3(1):e000428.
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Grading – Semiquantitative Scoring Omeract Doppler
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• Example for a set of joints to assess at clinical decision points or as outcome
measure in research including a novel semiquantitative scoring system for RA
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Grading – Semiquantitative Scoring Wrist
B-Mode and Doppler: Semiquantitative 0,1,2,3 (None, mild, moderate, severe)

B-mode distensions of recesses are assessed relative to the β-Line:
extending from most superficial point on radius to most superficial
point on capitate, roughly parallel to the extensor tendons.

Doppler 

Grade 1 
 up to 3 
dots (  )

Grade 2: 
>3 dots, but <50%
synovium or con-
fluent signal (        )

Grade 3: 
PD > 50% 
synovium

Image grade 1

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular Inflammation. Springer 
International Publishing 2021. Available from: http://link.springer.com/10.1007/978-3-030-43272-0
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Grading – Semiquantitative Scoring Wrist
Grade 2: Synovitis extending from both the radio-
carpal joint and the intercarpal joint, with all 
synovitis remaining deep to the β-Line. Or superior 
border of distension is not parallel to bone contour.

Grade 3: Synovitis in either the radiocarpal joint, 
or the intercarpal joint, which extends superficial 
to the β-Line, abutting the extensor tendons.  
Synovitis may be present in the radiocarpal joint 
only, in the intercarpal joint only, or in both joints. 

Grade 1: Synovitis extending from either the 
radio-carpal joint (a) or the intercarpal joint (b), 
but not both. All synovitis must remain deep to 
the β-Line. 

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular Inflammation. Springer 
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Grading – Semiquantitative Scoring Finger
B-mode semiquantitative 0-3. Reference point is the α-Line stretching from the most superficial point on the
metacarpal bone to the most superficial point of the proximal phalanx.

Grade 0: Synovitis allowed up to line for the bottom 1/3rd 
of the normal fat pad, as measured from α-Line (A).

Grade 1: Synovitis which does not extend superficial to 
the α-Line. 

Grade 2: Synovitis past the α-Line. Proximal area extends 
parallel to shaft of metacarpal and is generally tapered (B).

Grade 3:  Synovitis past the α-Line. Proximal area lifts 
extensor tendon (E) and is rounded, not tapered (D).

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular Inflammation. Springer 
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Grading – Semiquantitative Scoring Finger
Short axis view to help determine further:  

A. If no synovitis in transverse view on short
axis, go to long view to evaluate for grade
0/1
B. Synovitis is seen under the transverse
ligament (Yellow Shade) in which case the
joint receives at least a grade 2. To decide
between grades 2 and 3, refer to the long
axis view.

Examples
B-mode
grades

Ben-Artzi A, Kaeley GS, Ranganath VK. Ultrasound Scoring of Joint Synovitis: Objective Quantification of Articular Inflammation. Springer 
International Publishing 2021. Available from: http://link.springer.com/10.1007/978-3-030-43272-0




	Untitled
	Blank Page



