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 Summary
  Rheumatoid Arthritis (RA) is a multisystem disorder, which causes significant morbidity. An early 

diagnosis of RA is essential to prevent the development of irreversible bone and joint changes. 
The disease has characteristic clinical features, but an early evaluation of the quantum of disease 
may be difficult with plain radiography alone. Recent developments in the imaging of RA have 
contributed significantly to an early diagnosis of the disease. In this article, we review the role 
and current status of various imaging modalities including recent advances in the evaluation and 
follow-up of early RA.
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 Core tip: Various imaging modalities help the radiologist and the rheumatologist in making an early diagnosis 

of rheumatoid arthritis (RA). These modalities play an important role in identifying the severity 
and progression of the disease as well as in assessing the response to treatment. Latest advances 
in ultrasound, computed tomography and magnetic resonance imaging have further improved 
the specificity and sensitivity in identifying early changes of disease. In this review, we aim to 
elucidate the current role of imaging in making an early diagnosis of RA.
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Background

Rheumatoid Arthritis (RA) is the commonest inflammatory 
arthritis that progressively involves the small joints of the 
hand and feet causing joint destruction and deformity with 
extensive morbidity [1]. It usually presents as a symmetri-
cal polyarthritis, but may be asymmetrical in around 20% 
of patients [2]. The common clinical features of RA include 
painful swollen joints, morning stiffness, fatigue and myal-
gia. The disease primarily affects the synovium, causing 
its hypertrophy, and subsequently leading to cartilage and 
bone destruction.

Diagnosis of RA is relatively simple when all the character-
istic features are seen, however, diagnosis is challenging as 
the classical clinical, imaging and serological features may 

not appear at the same time. Laboratory tests such as anti-
cyclic citrullinated peptide antibody (ACPA or anti-CCP), 
C-reactive protein (CRP), Erythrocyte sedimentation rate 
(ESR) and Rheumatoid factor (RA Factor) may help in sug-
gesting and confirming the diagnosis.

The ACR/EULAR criteria are often used to diagnose RA, 
though they were framed with the objective of classifying 
the newly presenting patients of undifferentiated inflam-
matory arthritis as RA. This was done primarily for the 
classification of RA for epidemiological studies and clini-
cal trials [3]. The 1987 ACR criteria stated the presence of 
juxtaarticular erosions on wrist and hand radiographs as 
one of the seven criteria for the classification of RA. This 
does not help in making an early diagnosis, as erosions 
appear late on radiographs. According to the 2010 revised 
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ACR/EULAR criteria, however, joint involvement, as evi-
denced by synovitis which may be confirmed on imaging, is 
included as one of the criteria and thus underlines the role 
of imaging in diagnosing RA.

There is a growing body of evidence that suggests the 
existence of a time period in the early course of the dis-
ease, called the “window of opportunity”, during which, if 
the appropriate treatment is started, there is a long-term 
improvement and a halt in progression of the disease. Thus, 
aggressive therapy may be started on the basis of strong 
clinical suspicion even before the classical hallmarks of dis-
ease have appeared. As an early diagnosis and treatment 
are essential for the long-term outcome in patients with 
early RA, confirmation or exclusion of the diagnosis must 
be made early after the onset of symptoms [4].

Imaging

Radiography

Analogue or digital radiography is the first-line and most 
commonly performed imaging modality for patients with 
RA. Its low cost and a wide availability makes it the modal-
ity of choice not only for diagnosis but also for follow-up. 
It demonstrates the bony changes of established RA such 
as narrowing of joint space and bony erosions. However, 
it has a low sensitivity in demonstrating soft tissue edema, 
synovial thickening and bone marrow changes in the early 
stages of the disease (Figure 1).

The soft tissue thickening seen on the radiographs is due to 
a variable combination of synovial thickening, tenosyno-
vitis and joint effusion. In small joints, it is seen as a focal 
bulge of periarticular soft tissue and an increase in soft tis-
sue density. In larger joints, the displacement of the periar-
ticular fat pads may be seen.

Joint space widening is the earliest radiographic abnor-
mality and is transient in nature due to synovial thickening 
and joint effusion [5].

Osteopenia may be localized due to synovitis and result-
ing hyperemia, or diffuse in the later stages of the disease 
due to a painful disuse of the limb. It may be further com-
pounded by steroid administration.

Erosions are the hallmark of RA and may not be seen at 
the time of initial presentation. Their incidence increases 
with the duration of the disease such that after 10 years of 
onset of symptoms erosions are seen in 90–95% of patients 
[6]. The appearance of erosions signals irreversibility of 
the joint changes. However, a few studies have shown that 
healing and repair of erosions may occur in patients under-
going treatment with Disease-Modifying AntiRheumatic 
Drugs (DMARDs) [7,8].

In advanced cases, there may be fusion at the involved 
joints. Bony fusion is relatively uncommon in joints other 
than the intercarpal joints [9]. Alignment deformities, 
marked joint destruction and stress fractures are other late 
changes of RA.

Ultrasonography (US)

Ultrasonography is widely available,relatively inexpensive 
and entails no exposure to ionizing radiation. US has gained 
popularity in not only detection of joint changes but also in 
follow-up of these changes in patients on various DMARDS.

US has come a long way since the time when the pathol-
ogies of RA were first described on gray scale and colour 
Doppler US in 1978 and 1994, respectively [10,11]. The 
availability of high resolution and high frequency linear 
transducers (up to 18 MHz) has made detection of syno-
vial thickening, joint effusion and superficial erosions easy. 
Furthermore, the smaller footprint or hockey stick probes 
have simplified the sonographic evaluation of the small 
joints of the hand and feet. These technological advances 
are especially relevant in patients with RA as these patients 
require long and frequent follow-ups. However, US is a 
time-consuming and operator dependent modality.

On USG, synovial thickening is seen as a noncompress-
ible hypoechoic soft tissue thickening of the synovial layer, 
which may appear as a hyperechoic layer in chronic disease, 
whereas synovial effusion appears as a compressible hypo-
echoic layer. The thickened synovium may demonstrate col-
our flow in the active inflammatory phase. Similar hypo-
echoic thickening in the tendon sheath is seen in the case of 
tenosynovitis. Erosions are depicted as discontinuity of the 
cortical bone visualized in two planes. Caution needs to be 
exercised in imaging of irregular bony surfaces and normal 
contouring of the bone, for which a thorough understanding 
of the bony anatomy is essential. (Figure 2A–2E).

Many investigators have studied the usefulness of US for 
the diagnosis and follow-up of RA. Gray scale US is more 
effective than conventional radiography in detection of 
bony erosions, which is a hallmark of the disease. It can 
also help in identifying bony surface irregularities and 
abnormalities of the tendons and synovium. Ultrasound has 
a high sensitivity of 79% and specificity of 97%, as com-
pared to 32% and 98% of radiography in identifying changes 
of RA at the metatarsophalangeal joints [12]. High interob-
server agreement has also been found in the identification 
of synovitis and bony erosions by different sonologists [13]. 
Large joints, such as the shoulder, are also amenable to US 
and are especially useful when radiographs are normal [14].

US also detects evidence of tenosynovitis by demonstrating 
fluid along the tendon sheaths, increased intratendinous 
vascularity with colour Doppler along with structural dam-
age in the form of a partial or complete tear [15]. Even sub-
clinical tenosynovitis has also been diagnosed in the ankle 
joint with an involvement of the tibialis posterior and per-
oneus longus tendons on ultrasound [16].

Doppler US evaluates the vascularization of the synovium, 
which correlates with disease activity  (Figure 2F). The 
inflamed synovium demonstrates low resistance flow on 
Doppler US [17,18]. Chronic synovial hypertrophy results 
in an echogenic thickening without any increase in the 
Doppler signal. The sensitivity of the examination may be 
improved by the use of US contrast agents [19]. However, 
the diagnostic value of adding an ultrasound contrast is 
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still unclear, especially considering its cost and an invasive 
nature.

Sonoelastography, which utilizes the principle of measur-
ing tissue stiffness, has shown promise in the evaluation of 
tendon pathologies wherein a correlation has been found 
between the degree of tendon softening and tendinopathies 
involving the Achillis tendon and the rotator cuff tendons. 
Its role in the evaluation of synovial pathologies is still 
under evaluation [20–22].

There are many US scoring systems in place, which grade 
the degree of synovial pathology, erosions and other 

features of RA in varying number of joints. The number of 
the joints assessed range from four to 78 [23,24].

USG has a role in differentiating between inflammatory 
and non-inflammatory arthritis as well. A combination 
of structural and synovial assessments by US also aids in 
the differentiation between RA, osteoarthritis and normal 
joints [25].

Computed Tomography (CT)

CT is infrequently used for the evaluation of early RA pri-
marily due to the use of ionizing radiation and also because 

Figure 1.  (A) Normal AP radiograph of hand and wrist of a 23-year-old female patient presenting with difficult painful flexion of digits diagnosed 
as early Rheumatoid arthritis. (B, C) Fat-suppressed (FS) T2W and CE coronal MRI images of the same patient showing tenosynovitis 
(arrow)of the second flexor tendon with subtle marrow edema at the ulnar styloid (*). (D) Axial FST2W image showing similar high signal 
around the flexor tendon at the level of flexor retinaculum (*). (E) Axial sonographic image at the level of proximal phalanges showing 
hypoechoic cuffing around the flexor digitorum tendons of 2nd and 3rd digit (arrows).
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E

Figure 2.  Ultrasound findings in different patients with newly diagnosed RA, hypoechoic synovial thickening at the metacarpophalangeal joint (*) 
(A), proliferative pannus (marked by calipers) with underlying bony erosion at the distal radius (arrow) (B), synovial hypertrophy around 
the scaphoid (C), wavy hypoechoic fluid in the flexor tendon sheath (arrow) (D), tenosynovitis involving all the flexor tendons at the wrist 
(E), intrasynovial and perisynovial increased vascularity (F).

A
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B C

© Pol J Radiol, 2016; 81: 629-635 Vyas S. et al. – Advanced imaging of early rheumatoid arthritis

631



of its limited soft tissue contrast, even though it has a high 
sensitivity in assessing the structural changes in the cor-
tical bone. Its major role is in the assessment of cervical 
spine involvement in RA, especially in the atlanto-axial 
subluxations and fractures [26]. CT also demonstrates well 
bony ankylosis in the advanced stages. It is a valuable tool 
for the evaluation of the pulmonary parenchymal involve-
ment in RA.

Magnetic Resonance Imaging (MRI)

MRI has proved to be the most sensitive of all the avail-
able modalities in making an early diagnosis and subse-
quent evaluation of RA. Its excellent soft tissue contrast, 
multiplanar capabilities and the use of gadolinium-based 
contrast allow for the differentiation of synovitis from joint 
effusion or tenosynovitis as well as for the diagnosis of 
bone marrow edema and erosions.

Figure 3.  MRI changes of early RA in a 29-year-old male patient presenting with isolated little finger pain, focal area of marrow edema and synovial 
thickening at the PIP joint of the fifth digit (arrow) on coronal fat-suppressed T2WI (A), show restricted diffusion on DWI (B) and ADC 
maps (C). There is synovial thickening (white arrows) on axial fat suppressed T2WI (D) and enhancement on axial CEMRI (E). Also a focal 
area of marrow edema in the proximal phalanx (black arrow) (D).
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E

Figure 4.  MRI findings in different patients with RA. T1W and CE MRI (A, B), showing erosion at the third metacarpal head, with enhancement on 
post-contrast image (arrow). (C) Synovial thickening and enhancement at the fifth metacarpophalangeal joint (arrow). Advanced synovial 
thickening and enhancement at the intercarpal, distal radioulnar joints (*) with tenosynovititis (arrows) (D). Extensive proliferative 
pannus on T1W (E) and FS T2W (F) MRI around the distal ulna (*) with involvement of the extensor carpi ulnaris tendon (arrow). FST2W 
axial image showing inflammatory changes at the second and third metacarpal heads and the corresponding flexor tendons (arrow).

A B C D

E F G
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The MR scan in RA patients should be individualized based 
on the anatomic area, availability of coils, and strength of 
the magnet. In most cases, it should include a T1-weighted 
and fat-saturated, T2-weighted/STIR sequences with a con-
trast-enhanced T1W-fat-suppressed sequence. Isotropic 3D 
sequences are useful in small joints of the hand and feet. 
PD/fat-suppressed T1 sequences and cartilage sequenc-
es may also be performed. Diffusion-weighted images 
at a “b” value of 400 and 800 and ADC may additionally 
be acquired. Images should be acquired in minimum two 
planes depending on the area of interest. The slice thick-
ness should not be more than 3 mm, with thinner slices 
preferable for small joints [27,28].

On MRI, synovitis is seen as thickened synovium with a 
bright signal on T2W images signifying edema, an increase 
in synovial volume and contrast-enhancement on post-gad-
olinium scans. CE MRI can differentiate between synovi-
tis and joint effusion by demonstrating an early contrast 
enhancement of the inflamed synovium up to 5 minutes 
after contrast injection. In the late phase i.e., 10 min-
utes after contrast injection; gadolinium diffuses into the 
synovial fluid whence the differentiation of the synovium 
from joint effusion becomes difficult [29–31]. This differ-
entiation may also be achieved by acquiring heavily T2W 
images in which the joint effusion appears brighter than 
the inflamed synovium. In some patients, however, gado-
linium-based compounds cannot be used, either due to a 
history of contrast reaction or compromised renal function. 
In such patients, diffusion-weighted imaging may be help-
ful. (Figure 3). Synovitis is seen as a high signal in the syn-
ovium at a high b value of 800 [32]. In RA, bone marrow 
edema is frequently seen in the subchondral bone and is 

best demonstrated by MRI, in which it is seen as a bright 
signal in the fat-suppressed T2W/STIR images. This high 
signal is seen in contrast-enhanced T1W images as well. 
These areas of marrow edema are likely to be precursors of 
erosions [33,34] (Figure 4).

Erosions represent irreversible bone damage and MRI is 
more sensitive in detecting erosions in the hand and wrist 
in early RA than US and conventional radiography. The 
presence of erosions at baseline MRI has prognostic signifi-
cance too, as they correlate with a poor long-term outcome 
[35,36]. It has also been observed that patients who do not 
have erosions at a baseline MRI demonstrate no sign of 
erosions at a 2-year follow-up [33].

Tenosynovitis is also an early feature of RA, with multiple 
patients presenting with an isolated tendon sheath involve-
ment. MRI shows fluid distension and thickening of the 
tendon sheath with contrast enhancement. Tenosynovitis 
has to be differentiated from a normal tendon sheath fluid 
which is less than 1 mm in thickness or smaller than the 
diameter of the corresponding tendon [37,38]. Dorsal exten-
sor tendons of the hand are more commonly involved than 
the volar flexor tendons in RA [8]. MRI also demonstrates 
the sequel of tenosynovitis i.e. a partial or complete rup-
ture of tendons due to either weakening of the tendon 
sheath by invading synovium or due to friction resulting 
from movement of the tendons across the irregularly erod-
ed bone surface [38,39].

Several studies have demonstrated the changes in MRI 
findings with treatment. These studies have shown a 
decrease in the relative early enhancement in response to 

RA features Radiography Grey scale 
ultrasound

Doppler 
(color/power)

Bone 
scan CT MRI

Early changes

Synovial thickening – ++ +++ – + +++

Effusion + ++ ++ – + +++

Synovial vascularity – – +++ – – +++

Bone marrow oedema – – – + – +++

Tenosynovitis – ++ +++ – – +++

Joint space widening + – – – +++ +

Late changes

Osteopenia ++ – – – ++ –

Erosions + ++ + + +++ +++

Bony ankyloses ++ + – – +++ +

Alignment deformity +++ – – – +++ +

Stress fractures ++ + – +++ ++ +++

Table 1. Utility of various imaging modalities in Rheumatoid Arthritis (RA).

RA – Rheumatoid Arthritis; CT – Computed Tomography; MRI – Magnetic Resonance Imaging; ‘–’ – not useful; ‘+’ – limited utility; ‘++’ – definitely 
useful; ‘+++’ – modality of choice.
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intraarticular steroids, initiation of DMARDs and anti TNF 
alpha therapy [40–44].

Currently, MRI plays a role in improving diagnostic con-
fidence, in predicting the progression of the disease to 
definitive RA rather than to undifferentiated inflammato-
ry arthritis, in detecting evidence of persistent inflamma-
tion in the setting of clinical remission and in predicting 
treatment response. Since MRI is the gold standard for the 
detection of bone marrow edema, it is recommended to be 
used for independent prediction of subsequent bone dam-
age (Table 1) [45].

Newer imaging modalities

Various biochemical techniques targeted towards identi-
fying inflammatory changes are being studied, including 
Optical imaging techniques such as Thermography and 
Near Infrared imaging (NIR). These techniques are based 
on the detection of local increase in skin temperature sec-
ondary to an inflammatory process and transmission 
and/or scatter of light through an inflamed joint, respec-
tively. Biochemical probes are also under development 
which are supposed to identify key molecular/enzymatic 
changes in the involved areas. Advances in PET and SPECT 
imaging are also being investigated for identifying changes 
in the biochemical milieu of the affected regions [46].

Conclusions

Even though radiography continues to be the mainstay for 
the diagnosis and follow-up of patients with RA, it has been 
proven by many investigators that US and MRI are more 
sensitive in detecting early and persistent changes of RA. 
A baseline radiograph is usually taken at the initiation of 
therapy to assess the severity of disease. Since RA patients 
require a regular follow-up, repeated radiographs expose 
them to unnecessary radiation without providing details 
of synovial and bony changes. Once diagnosed with RA, a 
patient may be followed up by ultrasound for persistent 
disease activity or deterioration. With the wide availability 
of US, the assessment of structural changes can be made 
with a greater sensitivity and specificity. In those cases 
where ultrasound findings are equivocal, a contrast MRI 
may be employed. Several studies have shown the value of 
MRI in not only an early assessment of the disease but also 
in predicting disease progression and treatment response. 
Currently, MRI plays an important role in an early diagno-
sis of RA, especially in radiographically normal joints and 
in follow-up of disease activity, treatment response, and in 
predicting treatment outcomes. Future research may shed 
light on the role and efficacy of the non-contrast MRI tech-
niques such as diffusion-weighted MRI.
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