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Abstract. Early diagnosis and management improve the 
outcome of patients with rheumatoid arthritis (RA). The 
present study explored the application of high‑frequency 
ultrasound (US) and magnetic resonance imaging (MRI) 
in the detection of early RA. Thirty‑nine patients (20 males 
and 19 females) diagnosed with early RA were enrolled in 
the study. A total of 1,248 positions, including 858 hand 
joints and 390 tendons, were examined by high‑frequency 
US and MRI to evaluate the presence of bone erosion, bone 
marrow edema (BME), synovial proliferation, joint effusion, 
tendinitis and tendon sheath edema. The imaging results of 
the above abnormalities, detected by US, were compared 
with those identified using MRI. No statistically significant 
overall changes were observed between high‑frequency 
US and MRI in detecting bone erosion [44 (5.1%) vs. 35 
(4.1%), respectively; P>0.05], tendinitis [18 (4.6%) vs. 14 
(1.5%), respectively; P>0.05] and tendon sheath edema [37 
(9.5%) vs. 30 (7.7%), respectively; P>0.05]. Significant differ-
ences were observed between high‑frequency US and MRI 
with regards to the detection of synovial proliferation [132 
(15.4%) vs. 66 (7.7%), respectively; P<0.05] and joint effusion 
[89 (10.4%) vs. 52 (6.1%), respectively; P<0.05]. In addition, 
significant differences were identified between the detec-
tion of BME using MRI compared with high‑frequency US 
(5.5 vs. 0%, respectively; P<0.05). MRI and high‑frequency 
US of the dominant hand and wrist joints were comparably 
sensitive to bone erosion, tendinitis and tendon sheath 
edema. However, MRI was more sensitive in detecting bone 
marrow edema in early RA, while US was more sensitive in 
the evaluation of joint effusion and synovial proliferation. In 
conclusion, US and MRI are promising for the detection and 
diagnosis of inflammatory activity in patients with RA.

Introduction

Rheumatoid arthritis (RA) is a chronic and common inflam-
matory disease affecting as much as 1% of the population 
worldwide (1). It is a destructive and progressive joint disease 
characterized by synovial membrane inflammation and joint 
cartilage destruction, which results in joint deformity and 
disability, and an impaired quality of life (2). The occurrence 
of RA is more common in females compared with males (1). 
Previous studies have indicated that patients with RA are 
likely to experience irreversible joint damage 1 year after its 
onset (3). Thus, the early diagnosis and treatment of RA are 
important for improved outcomes of RA.

Magnetic resonance imaging (MRI) and ultrasound 
(US) techniques, which provide the satisfactory visualiza-
tion of joint structures coupled with high sensitivity and 
specificity, are commonly used in the clinical examina-
tion and radiographic assessment of RA (4). MRI allows 
direct visualization of synovitis, together with prognostic 
information of neighboring bones and bone marrow, which 
provides crucial evidence of bone erosion and bone marrow 
edema (5). Accumulating evidence has indicated that MRI is 
more sensitive than conventional radiography in identifying 
bone erosion and edema (6,7). Døhn et al (8) indicated that 
MRI was ~5 times more sensitive than X‑ray in the detec-
tion of bone erosion by comparing MRI and X‑ray of the 
second‑to‑fifth metacarpophalangeal (MCP) joints of one 
hand in 17 patients with RA. In addition, a previous report 
demonstrated that MRI scan images could predict the onset 
of RA with high sensitivity (100%) and specificity (78%) in 
31/33 patients, and evaluate the synovitis with erosion and/or 
bone edema in a previous similar group of patients with 
RA (9). 

Although US can not detect bone marrow edema, it is used 
frequently for the clinical assessment of synovitis with effu-
sion, power Doppler signal and synovial hypertrophy (10). In 
a previous study, Zheng et al (11) confirmed that US exami-
nation was feasible and capable of predicting RA disease, as 
measured by the disease activity score in 28 joints for the 
evaluation of joints. Furthermore, McQueen et al (12) have 
previously indicated that US is able to detect bone erosion 
with 95% specificity and 78% predictive accuracy, with a 
bone volume loss of >20% in US‑accessible areas, such as in 
the dorsal and palmar aspects of MCP joints. These results 
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indicate that MRI and US may be applicable in the evaluation 
of RA activity, progression and treatment responses.

In the present study, the effectiveness of high‑frequency 
US is compared with MRI in the detection of early RA, and 
the advantages of each method, with regards to joint effusion, 
synovial proliferation and bone marrow edema, are identified.

Materials and methods

Patients. A total of 39 patients (20 men and 19 women; mean 
age, 50.2  years) diagnosed with early‑stage RA between 
January and December 2010 in Yantai Yuhuangding Hospital 
(Yantai, China) were enrolled in the current study. The diag-
nosis of RA was based on the 1987 American College of 
Rheumatology classification criteria (13). Patients who had 
experienced symptoms of RA for >24 months were excluded 
from the study. The median age of patients at the onset of 
the disease was 51.8±2.2  years (range, 22‑75  years). The 
mean disease course was 8.8±2.5 months. Written informed 
consent was obtained from all the participants. The study was 
conducted with approval from the Ethics Committee of Yantai 
Yuhuangding Hospital.

US examination. Ultrasonographic evaluation was performed 
using color US diagnostic apparatus (LOGIQ‑10; General 
Electric Company, Fairfield, CT, USA), equipped with a 
12‑MHz linear array probe. US was conducted by an expe-
rienced radiologist blinded to the study. The patients were 
examined while sitting upright, with the hand placed on a 
cushion and the palm facing upward. A total of 1,248 joints 
were scanned, including bilateral wrist joints, and the sagittal 
and coronal sections of the hand joints. All patients under-
went US assessment of the wrists, MCP joints, proximal 
interphalangeal (PIP) joints for the presence of joint effusion 
(defined by the compressible anechoic intracapsular region), 
bone erosion (defined by bone cortex breakage in the joint 
area) and synovial proliferation (defined by thickness >2 mm 
in wrist joints, and >1 mm in MIP and PIP joints with a low 
echo) (14,15). Lateral flexion of MCP joints 2‑5 and wrists 
were examined for the presence of tendinitis and tendon 
sheath edema. In addition, synovial blood flow in each joint 
was assessed with color Doppler flow imaging and high‑reso-
lution color flow.

MRI evaluation. All patients underwent MRI evaluation of 
hands and wrists using a 3.0T MR system (Signa EXCITE; 
General Electric Company). Patients were placed in a prone 
position with the hand above the head and the palm facing 
upward. Continuous coronal and axial plane MRI without 
contrast were obtained using T1‑weighted spin‑echo sequences, 
short inversion time inversion recovery (STIR) gradient‑echo 
sequences and T2‑weighted turbo spin‑echo sequences, 
respectively. The presence of erosion, bone marrow edema, 
synovial thickening and tendinitis were assessed according 
to the Outcome Measures in Rheumatology RA MRI Scoring 
system (5). MRI images were evaluated by a doctor who was 
experienced in joint MRI.

Statistical analysis. Data analysis was performed using SPSS 
version 16.0 software (SPSS, Inc., Chicago, IL, USA). Data 

are expressed as the mean ± standard deviation and were 
analyzed using χ2 test. P<0.05 was considered to indicate a 
statistically significant difference.

Results

High‑frequency US is significantly better at detecting syno-
vial proliferation and joint effusion, compared with MRI. 
US and MRI results obtained from 39 patients are presented 
in Table I. A total of 858  joints were scanned by US and 
MRI for the detection of bone erosion, bone marrow edema, 
synovial proliferation and joint effusion, while the other 
390 tendons were used for the evaluation of tendinitis and 
tendon sheath edema. No statistically significant sensitivi-
ties were observed between high‑frequency US and MRI in 
bone erosion [44 (5.1%) vs. 35 (4.1%), respectively; P>0.05], 
tendinitis [18 (4.6%) vs. 14 (1.5%), respectively; P>0.05] and 
tendon sheath edema [37 (9.5%) vs. 30 (7.7%), respectively; 
P>0.05]. Significant differences were identified between 
high‑frequency US and MRI in synovial proliferation [132 
(15.4%) vs. 66 (7.7%), respectively; P<0.05] and joint effusion 
[89 (10.4%) vs. 52 (6.1%), respectively; P<0.05]. Significantly 
higher sensitivity (P<0.05) was identified in the detection 
of bone marrow edema using MRI (5.5%) compared with 
high‑frequency US (0%).

MRI is suitable for visualization of bone marrow edema in 
early RA, and US is sensitive to the detection of joint effu-
sion and synovial proliferation. The symptoms of the above 
six abnormalities in RA are presented in Fig. 1. The images 
provide an insight into which types of imaging can provide 
the required information in specific practice situations. 
Prominent erosion in the distal third metacarpal bone with 
discontinuous bone density (red arrow) was identified by US 
(Fig. 1A), while it was presented as moderate hypointensity 
on a T1‑weighted image (T1WI, red arrow) and hyperinten-
sity on a T2‑weighted image (T2WI, red arrow) in the coronal 
plane of the distal third metacarpal bone on MRI images 
(Fig. 1B and C). Increased width in the tendon (green arrow) 
with disturbance echo and a thin sheath layer low echo (red 
arrow) were identified in the flexor tendon of the left hand, 
which indicates tendinitis and tendon sheath edema using 
high‑frequency US (Fig. 1D). Meanwhile, dilated tendon and 
high intensity on T2WI (red arrow) in the surroundings of the 
tendon were observed in the sagittal planes of the left‑hand 
flexor tendon on the MRI images (Fig. 1E). Joint effusion with 
low echo, synovial proliferation in a cotton‑like shape and 
blood flow signal in the synovium (red arrow) were identified 
in the bone gap of the right wrist with US (Fig. 1F). Joint 
effusion and synovial proliferation were presented as hyper-
intensity on T2WI MRI images (red arrow) in the coronal 
position of the bone gap of the right wrist (Fig. 1G). Bone 
marrow edema appeared as a hyposignal on the T1‑weighted 
sequence image, and hypersignal on T2‑weighted sequence 
image (red arrow), in the coronary carpal bone of the left 
hand (Fig. 1H and I), whereas bone marrow abnormality was 
not visualized using US. These results suggest that MRI is 
ideally suited to visualizing bone marrow edema in early 
RA, whereas US has high sensitivity and diagnostic values 
in the detection of joint effusion and synovial proliferation.
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Discussion

RA is a form of autoimmune arthritis manifested with 
persistent synovitis that most commonly involves the wrist 
and finger joints (2). RA occurs across all ethnic populations 
and ages, with a peak incidence between the ages of 45 and 
65  years  (16). Uncontrolled RA may result in permanent 

joint injury and other extra‑articular complications affecting 
normal activities and quality of life (17). Aside from genetic 
factors, environmental factors are prominent in the develop-
ment of RA (18). For example, smoking is associated with a 
substantially increased risk of RA (19), and patients experi-
encing long‑term stress are prone to developing RA  (20). 
The early and accurate diagnosis of RA serves an important 

Table I. Comparisons between high‑frequency US‑ and MRI‑detected abnormalities in joints (n=858) in rheumatoid arthritis.

Item	 No. joints	 US (% total joints)	 MRI (% total joints)	 P‑value	 χ2

Bone erosion	 858	 44 (5.1%)	 35 (4.1%)	 0.300	 1.075
Bone marrow edema	 858	 0 (0.0%)	 47 (5.5%)	 <0.001	 48.324
Synovial proliferation	 858	 132 (15.4%)	 66 (7.7%)	 <0.001	 24.870
Joint effusion	 858	 89 (10.4%)	 52 (6.1%)	 0.001	 10.578
Tendinitis	 390	 18 (4.6%)	 14 (1.5%)	 0.470	 0.521
Tendon sheath edema	 390	 37 (9.5%)	 30 (7.7%)	 0.371	 0.800

US, ultrasound; MRI, magnetic resonance imaging.
 

Figure 1. Symptoms of abnormalities in rheumatoid arthritis with magnetic resonance imaging and high‑frequency ultrasound. (A) Bone erosion (red 
arrow) indicated by ultrasound examination. (B) Bone erosion (red arrow) indicated by MRI featured by moderate signal intensities in the T1‑weighted 
image. (C) Bone erosion (red arrow) indicated by MRI featured moderate signal intensities in the T2‑weighted image. (D) Presence of tendonitis on the 
left hand by ultrasound examination, which demonstrated widening of the tendon (green arrow) and low intensity echoes around the tendon (red arrow). 
(E) Presence of tendonitis on the left hand indicated by MRI, which showed widening of tendon and high intensity T2‑weighted image signals around 
the tendon (red arrow). (F) Presence of articular dropsy in the right wrist by ultrasound examination (red arrow). (G) Dropsy in the intercarpal joints and 
synovial proliferation indicated by MRI. (H) Presence of bone marrow edema by MRI, featured by low intensity T1‑weighted image signals (red arrow). 
(I) Presence of bone marrow edema by MRI, featured by low intensity T2‑weighted image signals (red arrow). MRI, magnetic resonance imaging. 
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role in the assessment of disease progression and the early 
introduction of effective treatment options (21). Accumulating 
evidence indicates that the early diagnosis of RA contributes 
towards the improved outcome of RA, particularly within the 
first three months of the onset of RA (22). Therefore, the iden-
tification of changes associated with early RA using imaging 
techniques is important in clinical practice.

To date, imaging techniques have served a focal role in the 
evaluation of disease progression and the response to therapy 
in RA (4). Plain radiography has been traditionally used to 
detect and quantify RA, including the detection of joint space 
loss, soft‑tissue swelling and marginal erosion (23). However, 
the obtained information from X‑ray analysis relies on rela-
tively late disease features, and is unsatisfactory with regards 
to current demands, validity and accuracy.

Currently, US and MRI are commonly used in the diag-
nosis and management of rheumatic disease (4). MRI provides 
a more global view of the articular surfaces and internal 
bone structure of joints compared with US. MRI enables the 
direct visualization of numerous bone and soft tissue changes 
involving the synovial membrane, bone erosion and cartilage 
thinning (24). Additionally, MRI has a unique capacity to 
detect inflammation within bone in the form of bone marrow 
edema, and this provides important diagnostic and prognostic 
information in patients with RA. US is widely used in the 
early diagnosis of RA, particularly in the introduction and 
application of high frequency color Doppler US, which can 
monitor joint effusion, blood flow change in the synovium 
and synovial thickening (25). Furthermore, US may be used 
to monitor disease status and predict disease recurrence, 
providing an effective and valuable evaluation of treat-
ments (26). Furthermore, US is more acceptable for patients, 
as it is relatively simple, cheap and does not use radiation (4). 
The combination of US and MRI for the diagnosis of early RA 
has been validated (27). Szkudlarek et al (28) reported that 
the sensitivity and specificity of Doppler US were 88.8 and 
97.9%, respectively, which is as effective as dynamic MRI for 
the evaluation of synovitis in MCP joints. Rahmani et al (29) 
demonstrated that the overall sensitivity and specificity of 
US in detecting bone erosion were 63 and 98%, respectively. 
Importantly, MRI and US have been described as indispens-
able diagnostic tools to evaluate disease progression and 
the response of disease, including RA, to various types of 
treatments.

The decision of which modality should be used in 
clinical diagnosis should be taken into consideration due to 
the coexistence of the strengths and weaknesses of US and 
MRI. It is important to understand the specific performance 
of US and MRI with regards to imaging joint abnormalities. 
Bone marrow edema is understood to be a marker for early 
inflammatory changes resulting from cellular infiltration into 
bone marrow (30). The visualization of bone marrow edema 
(BME) is clinically important in RA as it is the strongest 
predictive factor in the progression of bone erosion (31). BME 
on MRI images is identified as a lesion with intact trabecular 
structures and ill‑defined margins (32). It presents high signal 
intensity on STIR or T2‑weighted sequences, and presents low 
signal intensity on T1‑weighted MRI images (5). The ability 
of MRI to detect BME is important since the pathologies of 
BME can not be visualized by US.

Bone erosion, a central feature and common finding in 
RA, is associated with disease severity and poor functional 
outcome (33). The presence of erosion detected by MRI is iden-
tified by direct contact with cortical bone with sharp margins 
and obvious destruction of the cortical bone barrier  (34). 
Erosion presents as hyperintensity on STIR or T2‑weighted 
sequences and hypointensity on T1‑weighted sequences (34). 
In addition, it is described as an intra‑articular discontinuity 
of the bone surface that is visible in two perpendicular planes 
on US images (15). It is controversial with regards to which 
image modality has superior sensitivity in the detection of 
bone erosion. Magnani et al (35) suggested that US was at 
least as sensitive as MRI in detecting bone erosion in wrist 
and MCP joints, while other evidence indicated that MRI had 
significantly increased sensitivity compared with US for the 
evaluation of erosion in the wrist and hand (36). Consistent 
with the previous report (34), the present study observed no 
significant difference between high‑frequency US and MRI 
with regards to the detection of bone erosion. Soft tissues are 
often present in joint surroundings, such as in the tendon and 
tendon sheath, resulting in tendinitis and tendon sheath edema, 
which are common complications of RA that typically occur in 
the hands and wrists (37). The abnormalities typically present 
as dilated tendons with irregular margins, accompanied with a 
disturbed fibrous‑like echo (38). In the present study, although 
high‑frequency US demonstrated slightly increased sensi-
tivities with regards to detecting tendinitis and tendon sheath 
edema, no statistically significant differences were identified 
compared with MRI results.

Proliferative synovitis is the earliest and most important 
pathological change observed in RA, and it is associated 
with the quantity of joint fluid present (39). The presence of 
proliferative synovitis on MRI is identified by a thickened 
area of synovial compartment that presents as hypointensity 
on T1‑weighted sequences and hyperintensity on T2‑weighted 
sequences (40). Although it is often less bright on fluid‑sensitive 
sequences in comparison with joint fluid, it can not be easily 
differentiated from joint fluid based on the presence of similar 
weighted sequences. Proliferative synovitis detected by US 
presents as abnormal hypoechoic intra‑articular tissue that is 
poorly compressible and non‑displaceable with Doppler signal 
exhibition (15). The non‑displaceable nature of proliferative 
synovitis enables US to distinguish between joint fluid and 
synovial thickening. Kasukawa et al (41) indicated that US was 
easy to use and effective in estimating the degree and pattern of 
synovial proliferation and synovial effusion in the knee joints 
of patients with RA. In the current study, it was demonstrated 
that US was significantly more sensitive in detecting synovial 
proliferation and joint effusion compared with MRI.

Providing effective treatments for RA following the onset 
of the disease is essential in order to avoid the risk of long‑term 
structural and functional damage. To date, therapies used 
to treat RA include non‑steroidal anti‑inflammatory drugs, 
which are used for the treatment of pain and inflamma-
tion, and disease‑modifying antirheumatic drugs, which are 
commonly used as first‑line therapy for all newly diagnosed 
cases of RA  (42). In addition, glucocorticoids and other 
biological agents are used as a treatment strategy for RA (43,44). 
Furthermore, non‑pharmacological and non‑surgical interven-
tions are increasingly optimized in patients with RA, including 
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comprehensive occupational therapy, wrist working splints and 
finger splints (45).

In conclusion, the results in the present study indicated that 
high‑frequency US and MRI are both effective in detecting 
bone erosion, tendinitis and tendon sheath edema in patients 
with early RA. MRI was demonstrated to be superior in the 
evaluation of bone marrow edema, while high‑frequency US 
demonstrated an increased sensitivity for detecting early joint 
effusion and synovial proliferation in comparison with MRI. 
As further evidence becomes available, US and MRI will 
become increasingly important in the diagnosis and manage-
ment of early RA. High‑frequency US may be considered as 
a valuable modality for the detection of early RA, particularly 
when MRI is not accessible. The decision of which tool should 
be used in a given trial should rely on the clinical output 
requirement in order to minimize patient discomfort.
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