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ABSTRACT 

 
Rheumatoid arthritis is a chronic inflammatory arthritis with the incidence reaching up to 1% of the population. The treatment 

of rheumatoid arthritis (RA) has improved dramatically over the last years with the introduction of TNF (tumor necrosis factor) 

alpha inhibitors. Joint damage and functional impairment are highly important adverse outcomes of rheumatoid arthritis. They have 

been repeatedly shown to be associated with clinical disease activity, in particular with swollen joint counts and acute-phase reactant 

levels, as well as composite measures of disease activity in which these variables are included as components. OMERACT outcome 

measures in rheumatology group published consensus US definitions for common pathologic lesions observed in patients affected 

by RA, each of them is discussed, effusion, synovitis, bone erosion, hypervascularity and tenosynovitis. The use of musculoskeletal 

ultrasound (MSK-US)is growing more and more between radiologists and rheumatologists for the early diagnosis and therapeutic 

follow up of rheumatoid arthritis and US scores are used for monitoring RA disease activity; US findings can be scored using 

quantitative or semiquantitative scoring systems to estimate the degree of synovial/tenosynovial and erosive processes.. New 

technologies such as elastography, three dimensional sonography, fusion imaging and contrast enhanced ultrasound can add further 

powerful information in the imaging of RA. [Egypt J Rheumatology & Clinical Immunology,  2015; 3(1): 23-32] 
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INTRODUCTION 

 

Rheumatoid arthritis (RA) is a progressive 

systemic chronic inflammatory disease that affects 

primarily the synovial membrane and can lead to bone 

and cartilaginous destruction
1
. 

The increasing emphasis on the early diagnosis 

and monitoring of this condition has led to the greater 

involvement of advanced imaging techniques such as 

ultrasound (US) and MRI
2
. 

Early detection and accurate assessment of RA 

activity in a non-active state is of the utmost importance 

because therapeutic decisions should target sustained 

remission or, at a minimum, the lowest possible disease 

activity to improve RA outcomes
3
. 

Musculoskeletal (MS) ultrasound (US) has been 

widely employed in the assessment and monitoring of 

rheumatic diseases, particularly in patients affected by 

RA. Thanks to its characteristic of validity, reliability, 

reproducibility and sensitivity to change, US superseded 

other commonly used imaging modalities, such as plain 

radiography (X-ray), and its use has been included in the 

daily routine clinical practice in rheumatology
4
. 
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In the current paradigm for management of patients 
with rheumatoid arthritis (RA), obtaining clinical 
remission of symptoms remains the most important aim, 
but achieving radiographic remission is another key goal 
of treatment. Several parameters detectable by 
musculoskeletal ultrasonography can predict the 

development of severe RA, as well as monitor patients' 
responses to treatment; thus, musculoskeletal 
ultrasonography is widely used for evaluating patients 
with RA, both in clinical trials and in clinical practice

5
. 

The use of powerful and expensive biologicals 
(TNF (tumor necrosis factor) alpha inhibitors) has 
radically changed the outlook for patients with RA, 

aiming prevention of irreversible joint damage and the 
consequent symptoms and deformities associated with it

2
. 

The exceptional representation of acute 
inflammatory soft tissue processes, very early 
recognition of bony destruction and the ubiquitous 
availability of the method have been major 
contributors to this success. In recent years there have 
been new developments in technology and in 

examination methods. The substantial importance of 
sonography for early detection of arthritis, differential 
diagnostics, therapy monitoring and estimation of 
prognosis is underlined by the continuously increasing 
number of international publications. Several scoring 
systems have been developed for small and large 
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joints and have been proven not only under study 
conditions but also in practice

6
. 

Subclinical inflammatory processes which are 
held responsible for the so-called silent progression 

can be detected using sonography
6
. 

The great advantage and prestige of the 
ultrasonographic study, which has motivated 
enthusiastic research in the area, resides in its capacity 
to detect synovitis and bone erosion at a pre-
radiographic phase. That generates information that 
can be used for diagnostic or therapeutic purposes, 

with a potential impact on the patients’ quality of life
7
. 

Joint damage and functional impairment are highly 
important adverse outcomes of (RA). They have been 
repeatedly shown to be associated with clinical disease 
activity, in particular with swollen joint counts and acute-
phase reactant levels, as well as composite measures of 
disease activity in which these variables are included as 
components (1–3). Moreover, in states of very low 

disease activity, progression of joint damage is related to 
residual local joint inflammation rather than acute-phase 
reactant levels

2
, and the association between progression 

and joint swelling has been observed at the level of 
individual joints. Today’s therapeutic targets in patients 
with RA are achievement of disease remission or low 
disease activity, whereby the term remission comprises 

lack of clinical disease activity. It has been suggested that 
some patients may experience radiographic progression 
of joint disease despite being in clinical remission

8
. 

Therefore true remission, visualized by using Power 
Doppler Ultrasound (PDUS) with a decrease of 
intraarticular hypervascularity might contribute to stop 
joint destruction. 

Standardised multiplanar scans have been 
developed for each joint region according to the 
guidelines of the European League Against 
Rheumatism (EULAR). Therefore, standardized 
complete joint scanning is recommended

9
. In 2001 the 

EULAR guidelines indicated the standard scans to 
perform at each joint for the evaluation of articular 

and peri-articular structures (eular), these 
recommendations were reinforced by the treat-to-
target approach with remission set as the primary 
treatment goal for RA in everyday clinical practice

10
. 

In 2005, the OMERACT group published consensus 
US definitions for common pathologic lesions 
observed in patients affected by RA, each definition 
will be mentioned with the appropriate sign

4
. 

Musculoskeletal US scoring systems are used to 
verify clinically detected RA disease activity and to 
assess therapeutic response. Several musculoskeletal US 
scores are used for monitoring RA disease activity; US 
findings can be scored using quantitative (mm) or 
semiquantitative (0–3) scoring systems to estimate the 
degree of synovial/tenosynovial and erosive processes. 

Additionally, US findings can be described on a binary 
(1/0) basis. International/ European US expert groups are 

working towards the development of a standardised US 
scoring system which will reflect a patient’s global 
disease activity. A scoring system for synovitis in RA 
which combines gray scale findings (GSUS) (=B-mode) 

and PDUS findings in a semiquantitative (0–3) grading 
system is in the process of development, but consensus 
about the joint regions and the optimal (minimal) number 
of joints has not yet been reached; US sum/composite 
scores of a reduced joint count reflect the overall RA 
disease activity in a short examination time (at a patient 
level)

11
. 

A dynamic examination is necessary in order to 
detect small collections of fluid. The additional use of 
PDUS helps in differentiating active and inactive 
articular synovial/tenosynovial processes, especially in 
small joints

11
. 

Current activities of the EULAR/OMERACT US 
task force include the development of a Global 
OMERACT Sonography Scoring (GLOSS) system in 

RA. Its feasibility, sensitivity to change and value over 
standard clinical care are being tested (data not yet 
published). GLOSS examines a number of small joints 
for synovitis, and the results evaluated by GSUS and 
PDUS are combined in this scoring system

12
. 

 

Tenosynovitis and Tendon Involvement 
Tenosynovitis can be one of the key features in 

patients with rheumatoid arthritis and longstanding 
tenosynovitis may result in tendon damage either by 
synovial proliferation or by bony attrition resulting in 

tendon rupture with consequent disability
13

. 
Tenosynovitis is defined as hypoechoic or 

anechoic thickened tissue with or without fluid within 
the tendon sheath with possible signs of Doppler 
signals, which is seen in two perpendicular planes

14
. 

Both tendon disease and tenosynovitis are important 
features of RA, and US provides an ideal tool for their 

investigation. Tenosynovitis is seen as a combination 
of synovial thickening within the tendon sheath and 
tendon sheath effusion. 

When this occurs close to a joint, an important role 
of US is to distinguish tenosynovitis from underlying 
joint disease. RA may bring about damage to the tendons 
themselves seen as either tearing or complete rupture. 

This occurs due to weakening of the tendons but also due 
to impingement of the tendons on adjacent bony 
structures. US is ideally suited for identifying the site of 
any tear and, if surgery is contemplated, assessing the 
length of the tear and site of the retracted ends. 
Associated abnormalities such as swan neck or 
boutonniere deformities may also be delineated on US to 

assess the tendon involvement. Early extensor tendon 
subluxation and luxation tendency because of extensive 
synovial proliferation at the level of the MCP joints can 
be well visualized by using dynamic US in order to prove 
stability of the sagittal bands. Another important soft 
tissue manifestation of RA is the development of 



Klauser, et al.: Value of High Frequency Sonography in Rheumatoid Arthritis 

Egypt J Rheumatology and Clinical Immunology │Jan  2015 │ Vol. 3 │ Issue 1                                                                  25 

rheumatoid nodules, reported in up to 30% of patients 
with RA; these lesions are usually found at sites of 
pressure such as the extensor aspect of the elbow, the 
heel, and the fingers. US demonstrates nodules as having 

a mixed echotexture, but they are generally hypoechoic 
and often contain fluid components and usually have 
poor internal vascularity

2
. Figure 1 A-D 

 

Synovium 
Normal synovium is not seen at ultrasound, but 

when thickened it is appreciated as abnormal intra-
articular soft tissue that may, or may not, be associated 
with a joint effusion

2
. 

Synovitis, either proliferative or exudative, is the 
earliest change that can be ultrasonographically graded. 

Its quantification via grayscale ultrasound usually uses a 
semiquantitative scale with three levels of intensity, 
indicating mild, moderate or marked synovial 
changes

15,16
. 

The term of synovitis is used to indicate the 
presence of synovial hypertrophy with PD signal and 
joint effusion. Changes in PD reflect modifications of 

disease activity, and the presence of PD has been 
associated with development of erosions

17
. 

It is important to realize the potential pitfalls 
involved in Doppler ultrasound of synovitis, particularly 
issues relating to reproducibility, with factors such as 
probe pressure and variations in equipment being 
important in influencing reliability

18,19
. Therefore the 

probe should be held without tissue pressuring, when PD 

quantification is achieved.  
According with the OMERACT indications, 

synovial fluid is defined as an abnormal hypoechoic or 
anechoic intra-articular material that is displaceable 
and compressible, and that does not exhibit Doppler 
signal

4
. Figure 2 A-B 

Recurrent episodes of tenosynovitis associated 

with proliferation of the tenosynovium can lead to 
tendon structural changes as tendon adhesion and 
rupture causing severe articular impairment

20
. 

Palmar US examinations should accompany the 
dorsal examination both in clinical practice and in 
clinical trials

21
. 

US-based disease activity estimation depends on 

the detection of synovitis. The most common synovitis 
abnormalities are proliferation, effusion, and 
neoangiogenesis. According to outcome measures in 
rheumatology clinical trials (OMERACT), synovial 
hypertrophy (proliferation) is defined as an abnormal 
hypoechoic intraarticular tissue that is nondisplaceable 
and poorly compressible, and which may exhibit Doppler 

signals because of hypervascularity, caused due to 
neoangiogenesis. Angiogenesis itself cannot be 
visualized by PDUS because of small vessel size (less 
than 40 micrometers), but US has the unique potential to 
demonstrate blood flow in angiogentic vessels by using 
contrast media, which are approved for clinical routine

13
. 

Suggested scoring for PDUD are as follows: grade 
0: none; grade 1: minimal synovial thickening; grade 2: 
synovial thickening bulging over the line linking tops of 
the periarticular bones without extension along the bone 
diaphysis; grade 3: synovial thickening bulging over the 
line linking tops of the periarticular bones with extension 
to at least one of the bone diaphyses.

11
 

 
Bone Erosion 

Bone erosion results from the colagenase 
produced on the interface between synovium, bone 
and joint cartilage, typically observed in the periphery 
of the joint space, where bone is not covered by 
cartilage (=bare areas)

22
. 

Erosions are appreciated on US as focal 
discontinuities in the bone cortex and have been defined 
on ultrasound as ―a sharply marginated bone lesion, with 
correct juxta-articular location and typical signal 
characteristics, visible in at least two planes with a 
cortical break seen in at least one plane.‖

15
. Figure 1 A-D 

The specificity of erosion detection on US is 
improved when only larger lesions with a size of 1-2 mm 
at least are considered, highlighting the recognized 
potential to confuse normal bone contours, surface 
irregularities for erosions and entering vasa nutritia. The 
need to demonstrate an erosion in two planes is 
mandatory for avoiding this problem. A familiarity with 
the normal osseous landmarks is also important to avoid 
this pitfall, although it is often useful to scan contralateral 
joints to further clarify any areas of confusion

2
. 

Wakefield et al. described the first semiquantitative 
scoring system for the measurement of erosions as 
follows: normal: < 2 mm; small erosion: 2 mm; moderate 
erosion: > 2–<4 mm; large erosion: _4 mm.

23
 

Another semiquantitative scoring system is 
developed, where bone erosions are defined as follows: 
grade 0: normal bone surface; grade 1: bone surface 
irregularity without the defect being seen in two planes; 
grade 2: defect of the surface in two planes; grade 3: bone 
defect creating extensive bone destruction.

11
 

 
Cartilage 

US assessment can provide detailed imaging of 
the hyaline cartilage, identifying small cartilage 
abnormalities in patients affected by RA

24
, especially 

when dynamic US is performed as e.g. flexion of the 
finger joints and extension.US evaluation allows a 
reliable and valid measurement of cartilage at finger 
joints level, with great sensitivity compared to X-ray

25
. 

 
Effusion 

Joint effusion is a nonspecific feature of a large 
number of disease processes and readily identified at 
ultrasound. Fluid in a joint generally appears anechoic, 
but occasionally effusions appear more complex

2
. 

Effusion is defined in ultrasound as an abnormal 
hypoechoic or anechoic intra-articular material that is 
displaceable and compressible, but it does not exhibit 
Doppler signal

26
. 
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Effusion is semiquantitatively scored as follows: 
grade 0: no effusion; grade 1: minimal amount; grade 2: 
moderate (without distension of the joint capsule); grade 
3: extensive (with distension of the joint capsule)

11
. 

 

Power Doppler US 
Semiquantitative grading of the PD evaluation 

was as follows: grade 0: no flow; grade 1: single-

vessel signals; grade 2: less than half of the area of the 
synovium filled with vessels; grade 3: more than half 
of the area of the synovium filled with vessels

11
. 

Figure 1 A-F 
 

New Horizons 
Sonoelastography 

Sonoelastography (SEL) is a relatively new 
technique that can assess the elastic properties of tissues. 
SEL is based on the principle that the compression of 
tissue produces strain (displacement). SEL displays 
images related to a broad range of parameters that 
describe the spatial and temporal variations of tissue 

elasticity by processing time-varying echo data of an 
induced tissue displacement or strain

27
. 

Several sonoelastographic methods are 
commercially available. The appropriate method depends 
on the stress application. In addition to compression 
elastography, there is shear wave elastography, transient 
elastography, and acoustic force elastography

28
, however, 

still this method has several limitations the most 
important is pressure on the skin with the freehand 
technique. 
 

3D Ultrasound 
Three-dimensional ultrasound allows collection of 

data from a volume of tissue that can then be 
reconstructed and manipulated offline. This function 
potentially eliminates a degree of operator dependency 
that has otherwise been one of the potential disadvantages 
of US compared with MRI. Early studies with small 

patient numbers suggest that 3D imaging may improve 
the detection and reliability of US in detecting 
inflammatory and destructive changes in RA of the wrist 
and hand

29
, however resolution is less than obtained by 

conventional US and not adding more information as 
obtained by 2 D ultrasound. Contrast enhanced 
ultrasound US contrast media, in comparison to PDUS, 

add important information at the angiogenetic level not 
only for early detection but also for follow-up and 
furthermore, allows a better visualization of disease 
activity in RA. However, the routine use of contrast 
agents for US examinations is not established enough as 
it is for MRI in this topic. The main obstacles in using US 
contrast media are higher costs (than B-mode US), 
technical limitations (for instance in near fields), the need 

for optimally designed bubbles for near field 
investigation at higher frequencies and a relatively short 
time window for examination. In addition, grading 

systems including synovial activity, which can be 
obtained by sensitive US assessment of synovial 
vascularity are necessary

30-32
. 

 

Current Progress 
The new seven-joint ultrasound (US7) score was 

proposed by Backhaus et al. This is the first US 
composite scoring system, combining soft tissue 

lesions (synovitis and tenosynovitis/paratenonitis) and 
destructive processes (erosions) in a single scoring 
system. The US7 score includes US examination of 
the following joints of the clinically more affected 
side: wrist, MCP II and III, PIP II and III, MTP II and 
V. The joints are examined by GSUS and PDUS for 
synovitis and tenosynovitis/paratenonitis from a dorsal 

and palmar/plantar aspect, and for erosions from a 
dorsal, palmar/plantar and radial/lateral (only MCP II 
and MTP V) aspect

33
. 

Accurate assessment of disease activity and joint 
damage in RAis important for monitoring treatment 
efficiency and for prediction of the outcome of the 
disease. Therefore, a reliable imaging method needs to be 

used. MSK-US is a sensitive method for the detection of 
both early inflammatory soft tissue lesions (eg, synovitis, 
tenosynovitis, and bursitis) and early bone lesions (e.g., 
erosions) in arthritic joint diseases and correlates well 
with MRI. Several musculoskeletal US scores are used 
for monitoring RA disease activity. Different qualitative 
(0/1) and semiquantitative (0–3) systems and quantitative 
measurements are used

11
. 

Despite these attractive features, the technique is 
still considered examiner-dependent and machine 
dependent. This opinion is based mainly on the fact 
that both acquisition and interpretation of US images 
determine the metric properties. Over the past decade, 
OMERACTultrasound Task Force, a group of 
interested international sonographers, has worked to 

address the metric qualities of musculoskeletal 
ultrasound in RA

13
. 

The implementation of musculoskeletal US as a 
patient-friendly, reliable, bedside method in daily 
rheumatological practice is helpful and is essential for the 
objective examination of joints assumed to be affected. 
The use of a representative US sum/composite score, in 

which mostly active joint regions are included, reduces 
examination time and, at the same time, reflects a 
patient’s overall disease activity

11
. 

 

Conclusion 

MSK-US is fastly progressing to be first 
although not the sole imaging modality tool for not 
only early diagnosis, but also therapeutic follow up, 
and monitoring the progress or remission of 
rheumatoid arthritis. New technologies as contrast 
media and sonoelastography are further expected to 
expand the diagnostic horizon. 
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Figure 1. Sonography of finger joints. (a) Dorsal longitudinal plane PIP 3 with joint thickening, shows hypoechoic joint 

thickening (between arrows), capsular thickening, mild hyperemia, no erosions: this is an unspecific finding, can be seen in 

very early RA, but also in overuse or after trauma (PIP proximal interphalangeal joint). (b) Dorsal longitudinal plane MCP 2 

with joint thickening, shows hypoechoic joint thickening (between arrows), capsular thickening, moderate hyperemia, 

questionable only small erosion (star), measuring less than 1mm, what can be seen in very early erosive status, differential 

diagnosis: feeding vessel (MCP Metacarpophalangeal joint). (c) Dorsal longitudinal plane MC3 2 with synovial proliferation, 

shows hypoechoic joint synovitis (between arrows), moderate to severe hyperemia, highly vascularized erosion (stars), 

measuring more than 2 mm, what can be seen in erosive RA, negative in X ray (not shown). (d) Dorsal longitudinal plane 

PIP 2 with synovial proliferation, shows hypoechoic joint synovitis (between arrows), old huge avascular erosion (star), what 

can be seen also in X ray (not shown). Sonography gives the information of disease in remission, no hypervascularity found 

in the pannus nor in the erosion. PP= proximal phalanx, MC= metacarpal bone. 
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(a) Dorsal longitudinal at the wrist showing hypoechoic joint thickening at the radiocarpal and intercarpal joints 

(between arrows), mild hyperemia, no erosions (R= Radius, C=capitatum, L=lunatum). 

 

 

 
 
(b) Dorsal axial plane at the distal radioulnar joint with clear joint thickening, (between arrows), characteristically seen 

in RA affecting the distal radioulnar (R= Radius, U=ulna), Ed= Extensor tendons). 

 

Figure 2. Sonography of the wrist. 
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(a) X-ray of both hands: signs of osteoarthritis, no signs of rheumatoid arthritis. 

 

 
 
(b) Dorsal longitudinal at the right wrist showing discrete hypoechoic joint thickening at the radiocarpal and intercarpal joints 

(between arrows), no hyperemia, no erosions (R= Radius, C=capitatum, L=lunatum). Unspecific finding. 

 

 
 
(c) Dorsal longitudinal at the left wrist showing distinct hypoechoic joint thickening at the radiocarpal and intercarpal joints 

(between arrows), moderate hyperemia, no erosions (R= Radius, C=capitatum, L=lunatum). 
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(d) Dorsal axial scan at the 3th and 4th MCP level, showing extensive hyperemia around extensor tendons, sagittal bands and 

intraarticular. Note: subluxation of the extensor tendons (star) because of elongation and partial rupture of the sagittal bands 

(arrows). 

 

 
 

(e) Dorsal axial scan at the 3th MCP level, showing extensive hyperemia also towards the bare areas (arrows), where erosions 

can develope, at this time no erosions. 

 

 
(f) Longitudinal scan over the ECU tendons (stars), showing hyperemia and  synovial proliferation (arrows), a classical 

finding for RA. 

 

Figure 3. Clinical case: 57 yr old female: late onset RA? 

 

Summary: Because of symmetrical involvement of MCP joints, both ECU tendons and left radiocarpal joint the 

diagnosis of a late onset RA can be made,even no erosions at the moment are present. 
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Core Tip [summary] 
This review describes the role of musculoskeletal 

ultrasound in the diagnosis of rheumatoid arthritis, with 

special concentration on its effect on treatment 

monitoring, and on disease prognosis. Highlight is made 

on ultrasound assessment of the synovium, effusion, 

tendon disease together with the role of power Doppler is 

made. Special emphasis is given to new horizons like 

contrast enhanced ultrasound, elastography and three 

dimensional ultrasound. 

 


