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Abstract

Background: There is a higher possibility for rheumatoid arthritis (RA) recurrence if patients have subclinical synovitis. Seven-
joint ultrasonic score (US7 score) allows an accurate detection of subclinical synovitis, but its predictive role in the recurrence of RA
patients in remission is uncertain.
Objectives: The goal of this study was to explore the role of US7 score in predicting the recurrence of RA patients with disease in
clinical remission.
Patients and Methods: Totally, 186 RA patients in clinical remission were recruited and their demographic and clinicobiologic
characteristics were collected. The US7 score and disease activity score in 28 joints (DAS28) were recorded as baseline indicators for
a 1-year follow-up. Patients were divided into the recurrence group and non-recurrence group according to their recurrent results.
The clinical indicators and US7 scores before the follow-up were compared and analyzed between the two groups. Kaplan-Meier
and univariate COX regression analysis were used to analyze the effect of US7 score on the recurrence of RA. Receiver-operating
characteristics (ROC) curves were established to evaluate the predictive accuracy of DAS 28 and US7 score for the outcome of RA.
Results: Of the 186 RA patients, 55.9% received conventional disease-modifying antirheumatic drugs (cDMARDs) and 44.1% received
biologic disease-modifying antirheumatic drugs (bDMARDs). Totally, 60 patients (32.3%) suffered from recurrence and were included
in the recurrence group, and the remaining 126 patients were included in the non-recurrence group. The recurrence rate of patients
without subclinical synovitis (10.26%) was lower than that of patients with subclinical synovitis (48.15%, χ2 = 27.556, P < 0.001). US7
score was associated with an increased risk of recurrence in RA patients after successful treatment (P < 0.001, hazard ratio = 1.363,
95% CI = 1.247 - 1.488). The area under the curve of the prediction model with combined US7 score and DAS 28 was higher (0.904)
compared to that of US7 score or DAS 28 (P < 0.05).
Conclusion: The US7 score is capable of predicting the recurrence of RA patients because of its advantages in identifying subclin-
ical synovitis. The combined model of DAS28 and US7 score was accurate for predicting the recurrence of RA patients in clinical
remission.

Keywords: 7-Joint Ultrasonic Score, Disease Activity Score in 28 Joints, Rheumatoid Arthritis, Ultrasound, Clinical Remission,
Recurrence

1. Background

The disease activity of rheumatoid arthritis (RA) is
routinely evaluated by disease activity score in 28 joints
(DAS28) (1). The goal of RA treatment is to maintain the
disease activity in clinical remission (Disease Activity Score
[DAS]28 ≤ 2.6) because a complete cure is difficult to
achieve (2). However, according to a study performed by
Peluso et al. (3), about 47.1% of RA patients would recur
after remission. It will result in bone erosion and disabil-
ity if the recurrence is not controlled in time (4). Nowa-

days, the synovial hyperplasia could be easily observed by
grayscale ultrasound (GSUS), and the pathogenic vascular-
ization could be evaluated by color Doppler ultrasound
(CDUS) (5). Some studies have reported that synovial in-
flammation is still detected in patients with RA in clinical
remission (6-8), which is called subclinical synovitis. RA pa-
tients with disease in remission are more likely to recur if
the subclinical synovitis exists (9).

Seven-joint ultrasonic score (US7 score) proposed by
Backhaus et al. (10) is currently the most convenient and
economical ultrasonic examination for RA. Recent reports
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showed that the US7 score was positively correlated with
DAS28, suggesting that it could effectively assess the dis-
ease activity of RA as well (11, 12). It is worth noting that the
US7 score allows a more accurate assessment of subclinical
synovitis because it can effectively evaluate the synovial in-
flammatory condition, which would lead to a more accu-
rate prediction of the prognosis of RA patients. However,
few studies explored the role of US7 score in predicting the
prognosis and reducing the recurrence rate of RA patients
with disease in clinical remission.

2. Objectives

The aim of the present study was to evaluate the effi-
cacy of RA treatment by the US7 score, and to explore its
predictive role in the prognosis of RA patients with disease
in remission, especially those with subclinical synovitis.

3. Patients and Methods

3.1. Study Participants

This was a longitudinal observational study in which
we prospectively followed a cohort of RA patients. Ethical
approval for the study was obtained from the ethics com-
mittee of Mianyang Central Hospital. Written informed
consent was obtained from all patients. RA patients newly
started on therapy in the department of rheumatology and
immunology, Mianyang Central Hospital from March 2016
to March 2018 were recruited. Inclusion criteria were as
follows: (1) meeting the RA diagnosis criteria (13); (2) all
patients in active RA before treatment (DAS28≥ 2.6), and
achieving clinical remission after treatment (DAS28≤ 2.6);
(3) cooperation with the examinations and follow-up re-
quired for the study. Exclusion criteria were as follows: (1)
joint disease caused by osteoporosis, trauma and other dis-
eases; (2) autoimmune diseases such as systemic lupus ery-
thematosus and Sjogren’s syndrome; (3) pregnancy or lac-
tation; (4) malignancy or infection.

3.2. Collection of Demographic and Clinicobiologic Character-
istics

The demographic data of RA patients including age,
gender, and duration were collected and the number of
tender or swollen joints were recorded before treatment.
Erythrocyte sedimentation rate (ESR) was analyzed using
the Westergren method examined by Roller 20 (ALIFAX,
Italy). DAS28 score was calculated by:

DAS28 = 0.56×
√

TJC28 + 0.28×
√

SJC28 +0.7× Ln (ESR)
+ 0.014×

√
GH.

Where TJC28 refers to the number of tender joints
of 28 counted, SJC28 to the number of swollen joints of
28 counted, and GH to general health status (14). Pa-
tients were divided into low-activity (2.6 < DAS28 ≤ 3.2),
moderate-activity (3.2 < DAS28 ≤ 5.1), and severe-activity
(DAS28 > 5.1) according to their DAS28 scores.

3.3. Musculoskeletal Ultrasonography

Musculoskeletal ultrasonography of the wrists, hands
and forefeet was performed with Mindray Resona7 or Min-
dray DC-8 (Mindray Bio-Medical Electronics Co., Ltd, Shen-
zhen, Guangdong, China). The hand and forefoot, which
were more clinically affected by tenderness or swelling
were chosen and examined. This included the joints most
likely to be affected by RA: the wrist, metacarpophalangeal
(MCP) II and III, proximal interphalangeal (PIP) II and III,
metatarsophalangeal (MTP) II and V joints. Each joint re-
gion was investigated in dorsal, ventral, and, when possi-
ble, lateral views in GSUS and CDUS. The scoring methods
of synovitis by GSUS and CDUS, tenosynovitis by GSUS and
CDUS and erosions are shown in Table 1. The sum of these
scores is US7 score (10). All RA patients underwent muscu-
loskeletal ultrasonography to evaluate the US7 score before
treatment and the beginning of follow-up.

3.4. Clinical Treatment Protocol

Patients in the low-activity and moderate-activity with-
out poor prognostic factors received conventional disease-
modifying antirheumatic drugs (cDMARDs) as a starting
treatment. Patients in the moderate-activity with poor
prognostic factors and severe-activity received a combined
treatment of two or three types of cDMARDs or biologic
disease-modifying antirheumatic drugs (bDMARDs), such
as tumor necrosis factor-alpha antagonist or interleukin-
6 antagonist. The DAS28 of each patient was re-evaluated
monthly and the treatment protocol was adjusted every 3
months according to the DAS28. After clinical remission
(DAS28 ≤ 2.6), the DAS28 was re-evaluated monthly and
the original treatment plan was maintained for at least 3
months. The treatment dose was gradually reduced when
the clinical remission was maintained for 3 months. The
successful treatment was defined when clinical remission
was maintained for at least 6 months.

3.5. Follow-Up

A one-year follow-up was performed for all successful
treated RA patients who had reached clinical remission
and their US7 scores and DAS28 were recorded as the base-
line indicators before the beginning of follow-up. DAS28
was evaluated every 3 months (3rd, 6th, 9th, and 12th
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Table 1. Definition of US7 Score

Score Synovitis by GSUS Tenosynovitis by GSUS Synovitis or tenosynovitis by
CDUS

Erosions

0 Absence No hypoechoic hyperplastic tissue No intraarticular color signal Continuous echo of the bone
surface

1 A small hypoechoic/anechoic line
beneath the joint capsule

A hypoechoic/anechoic thickened
tissue with/without fluid within the
tendon sheath

Up to 3 color signals or 2 single and
1 confluent signal in the
intraarticular area

An interruption of the bone surface
in 2 perpendicular planes

2 Joint capsule elevated parallel to
the joint area

< 50% of the intraarticular area
filled with color signals

3 A strong distension of the joint
capsule

≥ 50% of the intraarticular area
filled with color signals

Abbreviations: CDUS, color Doppler ultrasound; GSUS, gray-scale ultrasound; US7 score, seven-joint ultrasonic score.

month) during the follow-up. Recurrence was defined if
DAS28 > 2.6 or the increase of DAS28 > 0.6 compared to the
baseline were found at any time during the follow-up. The
patients were divided into the recurrence group and non-
recurrence group according to their recurrent results, and
the clinical indicators and US7 scores before follow-up were
compared and analyzed between the two groups (Figure 1).

3.6. Statistical Analysis

Statistical Product and Service Solutions (version 22.0;
SPSS Inc., Chicago, IL, USA) and Medcalc (Version 22.0.1;
MedCalc Software, Ostend, Belgium) were used for statis-
tical analysis. The numerical data were expressed as mean
± standard deviations for normally distributed variables
and as median (interquartile range) for other continuous
variables. Independent sample t-tests and Mann-Whitney
U-tests were used for comparison, and the paired variables
were compared by Wilcoxon signed rank test. The categor-
ical variables were expressed as number and the compari-
son was performed by the chi-square test. The association
between US7 score and DAS28 before treatment was ana-
lyzed with Spearman correlations. The recurrence-free sur-
vival curves were plotted using Kaplan-Meier method and
compared using the logrank statistic to analyze the differ-
ence in recurrence rate between RA patients with subclin-
ical synovitis (US7 score 6= 0) and without subclinical syn-
ovitis (US7 score = 0). Univariate COX regression analysis of
US7 score was performed to analyze its effect on the recur-
rence of RA patients after treatment. Receiver-operating
characteristics (ROC) curves were established to evaluate
the predictive accuracy of the DAS 28 and US7 score for
prognosis, and a combined prediction model was estab-
lished by Logistic regression. Statistical significance was
defined as two-tailed P < 0.05 for all tests.

4. Results

4.1. Clinical Indicators and Ultrasonic Image Characteristics of
RA Patients

A total of 186 RA patients were included in this study
(41 males and 145 females, mean age of 54.09± 11.12 years,
median disease duration of 9 months, and median DAS28
of 5.2). Twenty patients were diagnosed as low-activity,
and the gray-scale ultrasonic image showed mild synovial
hyperplasia and Doppler blood flow signal was not obvi-
ous (Figure 2A). In 93 RA patients with moderate-activity,
it showed a moderate synovial hyperplasia with a little
blood flow signal (Figure 2B). In 73 RA patients with severe-
activity, a severe synovial hyperplasia with significantly in-
creased blood flow signal was displayed (Figure 2C). The ul-
trasonic features revealed that most RA patients had GSUS
synovitis and CDUS synovitis. GSUS synovitis was more
common in the wrist, MCP2 and MTP2, and CDUS synovitis
was more common in the wrist and MTP. According to the
US7 score, the median US7 score was 18. Correlation analy-
sis showed that the US7 score was positively correlated with
DAS28 before treatment (r = 0.535, P < 0.001) (Figure 3).

4.2. Comparison of the DAS28 and US7 Score Before and After
Treatment

Of the 186 RA patients, 104 (55.9%) received cDMARDs
and the remaining 82 (44.1%) received bDMARDs. After
successful treatment, DAS28, GSUS synovitis, CDUS synovi-
tis, GSUS tenosynovitis, CDUS tenosynovitis, and US7 score
of RA patients were significantly lower than those before
treatment (all P < 0.001, Table 2).

4.3. Recurrence Analysis of One-Year Follow-Up for RA Patients
with Disease in Remission

Totally, 60 RA patients suffered recurrence (recurrence
rate 32.3%) were included in the recurrence group, and
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Patients with rheumatoid arthritis recruited 

Clinical data, DAS 28, and US7 score before treatment 

Specific treatment to achive clinical remission 

One year follow-up, calculate DAS 28 every 3 months 

Recurrence during follow-up? 

Recurrence group 

Yes No

Non-recurrence group 

Figure 1. Flow chart of the recruitment, treatment, follow-up and grouping of RA patients. RA, rheumatoid arthritis; DAS28, disease activity score in 28 joints; US7 score,
seven-joint ultrasonic score.

Figure 2. Ultrasonic evidence of RA patients in different activities. A, Gray-scale ultrasonic image of RA patients with low-activity. The image shows mild synovial fluid in
MCP and GSUS is level 1. a, CDFI of RA patients with low-activity. No obvious blood flow signal is found, and PDUS is level 0. B, Gray-scale ultrasonic image of RA patients with
moderate-activity. The image shows moderate synovial fluid in MCP and GSUS is level 2. b, CDFI RA patients with moderate-activity. Multiple dot-shaped blood flow signals are
displayed, and CDUS is level 1. C, Gray-scale ultrasound image of RA patients with severe-activity. The image shows severe synovial fluid in MCP (0.33 cm) and GSUS is level 3.
c, CDFI RA patients with severe-activity. Abundant blood flow signals are displayed, and CDUS is level 1. RA, rheumatoid arthritis; MCP, metacarpophalangeal; GSUS, gray-scale
ultrasound; CDFI, color Doppler flow imaging; CDUS, Color Doppler ultrasound.

the remaining 126 patients were included in the non-
recurrence group. DAS28, US7 score, GSUS synovitis, and
CDUS synovitis in the recurrence group were greater than
those in the non-recurrence group (P < 0.05, Table 3).

4.4. Influence of the Subclinical Synovitis on the Recurrence of
RA Patients in Clinical Remission After Treatment

There were 78 RA patients without subclinical synovitis
(US7 score = 0) after successful treatment and eight of them
recurred (recurrence rate 10.26%). Totally, there were 108
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Table 2. Comparison of DAS28 and US7 Score Before and After Treatment (N = 186)a

DAS28 GSUS synovitis CDUS synovitis GSUS tenosynovitis CDUS tenosynovitis Erosions US7 score

Before treatment 5.2 (3.8, 6.8) 10 (7, 15.25) 5 (2, 8) 2 (1, 3) 1 (0, 2) 0 (0, 0) 18 (13, 25)

After treatment 1.7 (1.3, 2.1) 2 (0, 5) 0 (0, 0) 0 (0, 0) 0 (0, 0) 0 (0, 0) 2 (0, 5)

P < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 1.000 < 0.001

Abbreviations: CDUS, color Doppler ultrasound; DAS28, disease activity score in 28 joints; GSUS, gray-scale ultrasound; US7 score, seven-joint ultrasonic score.
aStatistical tests: Wilcoxon signed rank test for all data.

Table 3. Comparison of Clinical Data, DAS28, and US7 Score Between the Recurrence and Non-Recurrence Groupsa , b

Recurrence group Non-recurrence group P

Gender (Male/Female) 13/47 28/98 0.932

Age, y 52.95± 11.06 54.63± 11.15 0.335

RA duration, mo 8.57± 3.97 9.28± 3.59 0.224

Rheumatoid factor 175.01± 45.39 179.34± 53.4 0.589

DAS28 after treatment 1.8 (1.2, 2.2) 1.45 (1.1, 1.8) 0.009

US7 score after treatment 4.5 (2, 7) 0 (0, 2) < 0.001

GSUS synovitis 4 (2, 6) 0 (0, 2) < 0.001

CDUS synovitis 0 (0 - 3) 0 (0 - 1) < 0.001

GSUS tenosynovitis 0 (0 - 3) 0 (0 - 0) 0.040

CDUS tenosynovitis 0 (0 - 1) 0 (0 - 1) 0.200

Erosions 0 (0 - 2) 0 (0 - 1) 0.962

Abbreviations: CDUS, color Doppler ultrasound; DAS28, disease activity score in 28 joints; GSUS, gray-scale ultrasound; US7 score, seven-joint ultrasonic score.
aValues are expressed as mean± SD.
bStatistical tests: chi-square test for gender; students’ t-test for age, RA duration, and rheumatoid factor; Mann-Whitney U-test for DAS28 after treatment, US7 score after
treatment, GSUS synovitis, CDUS synovitis, GSUS tenosynovitis, CDUS tenosynovitis, and erosions.

RA patients with subclinical synovitis (US7 score 6= 0) af-
ter successful treatment, of which 52 recurred (recurrence
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Figure 3. Scatter plot of the correlation between the US7 score and DAS28 before
treatment. US7 score, seven-joint ultrasonic score; DAS28, disease activity score in 28
joints.

rate 48.15%), which was higher than those without subclini-
cal synovitis (Logrankχ2 = 27.556, P < 0.001, Figure 4). Uni-
variate COX regression analysis found that the US7 score
was associated with an increased risk of recurrence in RA
patients after successful treatment (P < 0.001). Each point
increase in US7 score was associated with an average 36%
increase in the risk of recurrence (hazard ratio = 1.363, 95%
CI = 1.247 - 1.488).

4.5. Accuracy of US7 Score and DAS28 for Predicting the Progno-
sis of RA Patients

The area under the curve (AUC) of US7 score (0.808)
was higher than DAS28 (AUC = 0.619), with a sensitivity and
specificity of 70.00% and 76.19%, respectively. The AUC of
the combined prediction model of US7 score and DAS 28
(0.904) was higher than that of the US7 score and DAS28
(P < 0.05), with a sensitivity and specificity of 85.00% and
79.37%, respectively (Figure 5 and Table 4).
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Figure 4. Kaplan-Meier analysis of the effect of US7 score on the outcome of RA patients. The recurrence rate of RA patients with subclinical synovitis (US7 score 6= 0) after
successful treatment was higher than those without subclinical synovitis (US7 score= 0) (Logrankχ2 = 27.556, P < 0.001). US7 score, seven-joint ultrasonic score; RA, rheumatoid
arthritis.

Table 4. Accuracy of US7 Score and DAS28 for Predicting the Prognosis of RA Patientsa

AUC 95% CI Cut off point Sensitivity, % Specificity, %

US7 score 0.808 0.744 - 0.862 2 70.00 76.19

DAS28 0.619 0.545 - 0.689 1.9 46.67 84.92

Combination 0.904 0.852 - 0.942 0.35 85.00 79.37

Abbreviations: AUC, area under curve; 95% CI, 95% confidence interval; DAS28, disease activity score in 28 joints; US7 score, seven-joint ultrasonic score.
aUS7 score vs DAS 28: z = 3.296, P = 0.001. Combination vs US7 score: z = 4.280, P < 0.001.

5. Discussion

In the present study, the US7 score was positively corre-
lated with DAS28, which indicated a high application value
in the assessment of RA disease activity, similar to DAS28.
Moreover, the disease activity could be assessed more in-
tuitively and objectively by ultrasonography. RA patients
with low-activity showed mild synovial hyperplasia and no
Doppler blood flow signal. Synovial hyperplasia is obvious
in RA patients with moderate-to-severe activity and is ac-
companied by significant blood flow signals. It suggested
that in addition to the assessment of different disease ac-
tivities, ultrasound examination is helpful to clinical treat-
ment adjustment by imaging characteristics.

The recurrence rate of RA patients with disease in clin-
ical remission within 1 - 2 years was 31% - 52% (15). In this
study, the recurrence rate of RA patients in clinical remis-
sion was 32.3%. It suggested that patients’ joints would con-

tinue to be damaged even if they have achieved clinical re-
mission due to the indiscoverable subclinical synovitis. Al-
though the study conducted by Nguyen et al. (16) proposed
that the US7 score is helpful for the discovery of subclinical
synovitis in RA patients, to our knowledge, there are few
related studies to prove its prediction value for the recur-
rence of RA patients.

Since US7 score = 0 is the easiest method to determine
whether there is subclinical synovitis in RA patients, this
study analyzed the difference in recurrence between RA pa-
tients with and without subclinical synovitis. It showed
that the recurrence rate of patients without subclinical
synovitis (10.26%) was significantly lower than that of pa-
tients with subclinical synovitis (48.15%). It suggested that
the US7 score 6= 0 might be a simple indicator to predict
recurrence after, clinical remission. However, we must be
aware that this is not an accurate method because it will
increase the false-positive rate and would only rely on a
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Figure 5. ROC curves of US7 score and DAS28 in predicting the recurrence of RA patients in clinical remission. US7 score, seven-joint ultrasonic score; DAS28, disease activity
score in 28 joints; RA, rheumatoid arthritis; ROC, receiver-operating characteristics.

US7 score = 0. There is also a physiological effusion in the
peripheral joint cavity of healthy people, especially load-
bearing joints, and these fluids can also be detected by ul-
trasound examination (17).

In the present study, the ROC curve showed that the
AUC of US7 score was below 0.9 although it was higher than
DAS28. It indicated that the US7 score alone was not accu-
rate, and the combination was needed to improve the pre-
dictive accuracy. The combined prediction model of US7
score and DAS 28 showed a higher AUC (0.909), suggesting
that the combined model could accurately predict the out-
come of RA patients in clinical remission. Physicians may
record the US7 score and DAS28 of RA patients and predict
their probability of recurrence using this model to adjust
clinical treatment.

RA patients in clinical remission are easily to recur due
to subclinical synovitis. The results of our study are help-
ful to predict the recurrence risk of such patients. How-
ever, our study is a single-center study and the sample size
is limited, there may be bias in the results, and a large sam-
ple size is needed for further verification. This study found

that the accuracy of the combined prediction model is bet-
ter than that of DAS28 or US7 score alone. It is believed that
with larger sample sizes, we could predict the recurrence
of RA patients more accurately.

In conclusion, the US7 score could predict the recur-
rence of RA patients more accurately because of its advan-
tages in identifying subclinical synovitis. The combined
prediction model of DAS28 and US7 score was the most ac-
curate in predicting the recurrence of RA patients with dis-
ease in clinical remission.
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