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Abstract
Introduction: Ultrasonography provides information regarding synovial membrane proliferation and its vascularization. 

The aim of our study was to evaluate the role of gray scale and power Doppler ultrasonography in assessing early rheumatoid 
arthritis by analyzing the scores determined by the evaluation of synovial proliferation, joint effusion, erosion or soft tissue 
swelling. Material and methods: The study was prospective comprising 34 patients (31 female, 3 men), mean age 45.68 
years, with clinical changes and biochemical early rheumatoid arthritis. Bilateral wrist, II-V metacarpophalangeal, and proxi-
mal interphalangeal joints were evaluated by dorsal and palmar scans. Results: The mean duration from the onset of symptoms 
was 3.46 months. Based on the clinical, biochemical and US scores the patients from our study presented early stages of RA. 
Also, statistically significant correlations were observed between the time elapsed from the onset, the changes highlighted by 
ultrasound and the stage of the disease (stage 0 or 1). Conclusions: Our study confirms that US evaluation of changes in the 
joints of the hand offers useful information for staging the diagnosis of RA.
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Rezumat
Introducere: Examinarea ultrasonografică oferă informaţii asupra modificărilor ţesuturilor moi, evidenţiind foarte bine 

proliferarea membranei sinoviale şi a gradului de vascularizatie a acesteia. Obiectivul studiului a fost evaluarea rolului ec-
ografiei bidimensionale si Doppler în stabilirea diagnosticului şi aprecierea severităţii poliartritei reumatoide prin analiza 
scorurilor stabilite prin ecografie. Material şi metodă: Studiul, de tip prospectiv (aprilie 2009 – august 2010), a cuprins 34 de 
pacienţi cu modificări clinice şi biochimice de poliartrită reumatoidă. Examinarea ecografică a fost efectuată cu un echipament 
Hitachi EUB 8500 cu transductor liniar cu frecvenţă variabilă 6,5-13 MHz. Rezultate: Din cei 34 de pacienţi incluşi în studiu, 
31 au fost femei şi 3 bărbaţi, cu vârsta medie 45.68 ani. Durata medie de la debutul simptomatologiei şi prezentarea la medic a 
fost de 3.46 luni. Pe baza scorurilor clinice, biochimice şi ecografice, au fost stabilite stadiile evolutive. De asemenea, au fost 
observate corelaţii statistic semnificative între intervalul de timp scurs de la debutul bolii, modificările evidenţiate ecografic 
şi stadiul evolutiv al bolii. Concluzii: Studiul nostru confirmă faptul că evaluarea ecografică a modificărilor de la nivelul 
articulaţiilor mici ale mâinii oferă informaţii utile pentru stadializarea poliartritei reuamtoide. 
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Introduction

Rheumatoid arthritis (RA) is a chronic and progres-
sive systemic disease, characterized by inflammation of 
multiple joints. The disease has a prevalence of about 1% 
in the general population [1-5]. RA occurs two to three 
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times more often in women. The incidence is largely con-
sistent racially and geographically, and the peak age of 
onset lies between 30 and 50 years of age [1,3,6]. 

The American Rheumatology Association (ARA) 
criteria established in 1987, are universally accepted for 
a positive diagnosis [1,7,8]. The early diagnosis and a 
proper therapy is crucial for managing patients with RA 
[5,9,10]. 

Conventional radiography remains the mainstay for 
evaluation RA patients in daily practice. In the early stag-
es of the disease there may be no changes, or the X-ray 
may demonstrate juxta-articular osteopenia, soft tissue 
swelling and loss of joint space. As the disease advanc-
es, bony erosions and subluxation can be demonstrated 
[3,7,9,11-13]. 

Because the X-ray shows late signs of disease activity 
and destruction of cartilage or bone other medical im-
aging techniques such as ultrasound (US) and magnetic 
resonance imaging (MRI) are used in RA in order to as-
sess the earlier signs.

Information provided by US is comparable to the 
MRI findings, with the advantage of accessibility, speed, 
lower cost and lack of ionizing radiation. High-frequen-
cy transducers (10 MHz or higher) have improved the 
spatial resolution of US images; these images can depict 
20% more erosions than conventional radiography. Also, 
color Doppler and power Doppler ultrasound (PD US), 
which show vascular signals of active synovitis depend-
ing on the degree of inflammation, are useful in assess-
ing synovial inflammation. This is important, since in 
the early stages of rheumatoid arthritis, the synovium is 
primarily affected, and synovitis seems to be the best pre-
dictive marker of future joint damage [5,14-21]. PDUS 
has proved to be a feasible and a promising tool for 
short-term monitoring of changes in synovial perfusion 
induced by disease-modifying anti-rheumatic drugs and 
biological agents in patients with rheumatoid arthritis 
[22,23], but more studies are required to achieve a proper 
standardization. 

MRI is considered to be the best method for detecting 
joint inflammation, bone edema and bone erosions, but it 
is time-consuming, expensive and has limited availabil-
ity [3,24-27]. 

Our study’s objective was to analyze the contribution 
of US (gray scale and power Doppler) in assessing pa-
tients with early RA, in order to improve their manage-
ment. 

Material and method

In this prospective study 34 patients were included, 
examined in the Radiology and Imaging Laboratory of 

the Cluj Emergency Clinical Hospital for inflammatory 
joint disease between April 2009 - August 2010. The 
study was approved by the university Ethical Commit-
tee. The study included patients with swelling in at least 
two of the more small joints of the hand with a maximum 
duration of 2-6 weeks without any previous anti-rheu-
matic treatment. The patients were referred to the US by 
the rheumatologist after clinical evaluation and labora-
tory investigations. The rheumatologic diagnosis was of 
early RA based on the definition of early RA accepted 
in literature [1,7]. X-ray examination of the hands was 
performed on all patients. 

US was performed using a 8500 Hitachi EUB ma-
chine and a 6.5-13 MHz variable-frequency linear 
transducer, in real time for all examined regions. The 
transducer was placed in the wrist region, II-V metacar-
pophalangeal (MCP) and proximal interphalangeal (PIP) 
joints on the dorsal and palmar view, billateralery. All 
the joints were assessed in transversal and longitudinal 
scans. The averaged time required for examination of 
the 22 joints was 15 minutes. The following pathological 
findings were noted: intraarticular fluid, synovial hyper-
trophy, erosions, and swelling of the adjacent soft tissues. 
Intraarticular fluid appears as an abnormal hypoechoic or 
anechoic (relative to subdermal fat, but sometimes may 
be isoechoic or hyperechoic) intra-articular material that 
is displaceable and compressible and does not exhibit a 
Doppler signal [28,29]. The synovial hypertrophy (syno-
vitis) represents an abnormal hypoechoic (relative to 
subdermal fat, but sometimes may be isoechoic or hyper-
echoic) intra-articular tissue that is nondisplaceable and 
poorly compressible; may exhibit Doppler signal [28,29]. 
Bone erosions are seen as intraarticular discontinuities of 
the bone surface in two perpendicular planes [14,15,29]. 

We scored the US changes, using modified scores 
from literature, applied for the most affected joint [14]: 

– synovial proliferation: 0 = absent, 1 = slight, 2 = 
moderate, 3 = intense; 

– joint effusion: 0 = absent, 1 = present; 
– erosions: 0 = absent, 1 = 2 erosions; 2 = more than 

2 erosions;
– small parts swelling: 0 = absent, 1 = mild, 2 = 

moderate.
Doppler mode examination was performed in the 

same windows and sections with gray scale US. For a 
correct examination a lower PRF and greater color gain 
settings were applied. To avoid artifacts, the color gain 
setting was selected on a level slightly higher than noise.

The presence of blood flow in the synovial prolifera-
tion, was encoded by PD score: 0 = absence of Doppler 
signal, 1= reduced signal visible in a single vessel, 2 = 
moderate signal of vessels visible at the confluence, 3 = 
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intense Doppler signal present in more than half of intra-
articular surface [14,19]. 

The US changes were compared with the serum level 
of 1 hour erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP) and rheumatoid factor (RF) scored as: 

– ESR: 0 = normal values (0-10 mm), 1 = slow in-
creased (10-20 mm), 2 = moderate increased (20-
40 mm), 3 = very increased (> 40 mm) 

– CRP: 0 = normal values (< 0.6 mg/dL), 1 = in-
creased values (> 0.6 mg/dl)

– RF: 0 = absent, 1 = present
US changes were evaluated in stages, taking into ac-

count the time elapsed from symptom onset. 
Processing and summarizing the results of statistical 

analysis was performed with SPSS 16.0 and Microsoft 
Excel. 

Results 

Of the 34 patients included in the study with mean 
age 45.68 years, 31 were female (91.18%. X-rays exami-
nation of the hands was normal in 29 patients. In 5 pa-
tients juxta-articular osteopenia and soft tissue swelling 
was detected. 

The distribution of patients, according to the US, en-
countered changes and assigned scores are presented in 
table I (fig 1-4). 

In order to study the correlation between the grade 
of synovitis and inflammatory blood tests, the relation-
ship between synovitis score, PD scores and serum ESR, 
CRP and RF was evaluated. The results are presented in 
table II.

Fig 1. 2D US: F, 35 years, thickening of the synovial membrane 
in the right ulnocarpal joint

Fig 3. Power Doppler US: F, 42 years, proliferated synovial 
vascularity in the left third MCP joint, score 3

Fig 2. Power Doppler US: F, 35 years, proliferated synovial 
vascularity in the right ulnocarpal joint, score 2 

Fig 4. Power Doppler US: F, 45 years, proliferated synovial 
vascularity in the right second MCP joint, score 3
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hypertrophy very well, which represents an earlier sign 
of the disease and produces the cascade of changes in the 
pathophysiology of RA [22]. PD has increased the sensi-
tivity of US examination, by revealin the vessels inside 
the synovitis, the increased vascularity being associated 
with active joint inflammation [5,11,15]. 

At clinical examination the patients presented swell-
ing of the articular/periarticular tissue. Frequently it is 
difficult for the clinician to identify the cause of this 
swelling but US identifies the intraarticular fluid or syno-
vitis responsible for the joint swelling. 

In our study findings revealed by US were included in 
low established scores. Synovitis was observed in most 
of the patients (29 patients); only in a small number of 
cases was it absent (5 patients). In the 5 patients with 
clinical soft tissue swelling, US revealed joint effusion, 
showing that inflammation intensity is very incipient. 

In 10 cases with grade 1 of synovitis, we observed 
a greater PD US score, which probably means that the 
disease is more active than was suspected after examina-
tion using 2D US. On the other hand, in 11 patients the 
synovitis score was greater when compared with the PD 
US score. This observation can be explained by a lower 
grade of disease activity in these patients, even if it was 
marked synovial proliferation [5,11]. 

In 5 patients the joint effusion was detected without 
synovial proliferation. This fact can be explained by the 
observation that intraarticular fluid is not specific for RA, 
while synovitis represents the most characteristic sign of 
joint alteration in RA [5,11,13,15]. 

The erosions were present only in 3 patients of our 
group, a fact which confirmed that our patients were in 
the early stages of disease [9,15]. This is due to the selec-
tion criteria of patients included in the study. In spite of 
symptoms that fit the definition of early RA, there are 
some cases with advanced disease, which bone erosions 
show the long subclinical evolution. In these cases, radi-
ological examination revealed no bone lesions, so that in 
such cases, US evaluation is important to view changes 
and to establish more accurate staging. 

There was a direct concordance between the degree 
of synovial proliferation and its vascularization and 

Based on the clinical, biochemical and US scores, 
the patients from our study presented early stages of RA. 
Thus, 12 patients (35.30%) were included in stage 0, 
while 22 cases (64.70%) presented stage 1 of RA. 

Average time elapsed from symptom onset and at 
diagnosis was 3.46 months. Therefore, to verify the as-
sumption that there is a statistically significant correla-
tion between the onset of RA, the pathological stage of 
disease and the US changes, the correlation coefficient of 
rank Spearman was calculated. Thus, we found that the 
stage of RA statistical depends on the time interval from 
symptoms’ onset (p = 1.53·10-7). Also, the synovitis score 
and PD score are statistically correlated with the time in-
terval from onset of the disease (p = 2.47·10-5, respec-
tively p = 1.3·10-5). Statistically significant correlations 
between synovitis scores and stage of RA (p = 2.81·10-

9), and between the PD score and stage of disease (p = 
7.7·10-5) have been found. Also, power Doppler score has 
an interdependent relationship with the synovitis score (p 
= 7.6·10-6). 

Discussions

The assessment of RA activity is of great importance 
regarding the accurate diagnosis and adequate therapy. 
The classic diagnosis is based on clinical examination, 
blood tests and radiological changes. Because con-
ventional radiography shows only the late changes the 
evaluation by other imaging methods for emphasizing 
the early signs of joint damage has become increasingly 
important. 2D US has been proven to visualize synovial 

Table I. Distribution of patients according to US scores (total number of patients- 34)
Synovitis Power Doppler vascularization Joint effusion Small parts swelling Erosions

score n score n score n score n score n
0 5 0 5 0 29 0 5 0 31
1 12 1 22 1 5 1 24 1 3
2 15 2 4 2 5 2 0
3 2 3 3

n- number of patients

Table II. Relationship between synovitis, power Doppler 
scores and serum ESR, CRP and RF scores

Synovitis 
score

Power Doppler 
score

ESR 
score

CRP 
score

RF 
score

0 0 0 0 0
1 1 1 0 0
2 2 2 1 1
3 3 3 1 1
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ESR values. This is explicable due to the fact that ESR 
is a marker of inflammation, its values increasing with 
the degree of inflammation. CRP values were normal in 
cases with low synovitis and PD US score (CRP is bet-
ter correlated with the degree of inflammation in RA). 
RF values were negative in cases with a low degree of 
synovitis and positive in cases with a stage grade of dis-
ease, but with no statistical significant correlation with 
the activity of disease. 

Patients in our study were included only in stages 0 
and 1 of PR by Rx evaluation, most being in stage 1. 
This presents an important factor for the patients’ man-
agement; in these stages applying an optimal therapy can 
prevent disease progression and joint destruction. Detec-
tion of early RA findings is crucial for subsequent assess-
ment and management of the disease. Follow-up of these 
patients will reveal the evolution under the treatment. 

Analyzing the correlation between the onset of RA, 
pathological stage of disease and US changes, it can be 
seen that the evolution stage of RA is dependent on the 
time elapsed from symptom onset. It also significantly 
correlates with the evolutionary stage of synovitis ultra-
sound score and the degree of vascularization of prolif-
erated synovial membrane. These observations confirm 
that US evaluation of synovial inflammation and degree 
of vascularization is important for diagnosis and staging 
of patients with RA [5,11,18]. 

There are certain limitations of the present study. 
One limitation is the lack of interobserver and intraob-
server variability in US evaluation, this exploration be-
ing generally recognized as operator dependent. Another 
limitation is that the group was limited in the number of 
patients; a larger group of patients would probably have 
strengthened the results.

Conclusions

Our study confirms that US evaluation of changes in 
the joints of the hand offers useful information for stag-
ing diagnosis of RA. However, standardization of US is 
required to ensure accurate diagnosis, reproductibility 
and reliability. 
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