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	 Background:	 This retrospective study aimed to compare the roles of hand and wrist ultrasound in diagnosing subclinical sy-
novitis in patients with systemic lupus erythematosus (SLE) and rheumatoid arthritis (RA) at a single center in 
Sichuan, China.

	 Material/Methods:	 Forty-one patients with SLE and 20 patients with RA were included. SLE was diagnosed using the American 
rheumatology Society (ACR) classification standard. Severity of SLE was evaluated using the SLE disease activi-
ty index (SLEDAI). General and clinical manifestations and laboratory indicators were measured. Spearman cor-
relation analysis was used for analyzing correlations between musculoskeletal ultrasound results and indexes.

	 Results:	 Among 41 patients with SLE, 26 (63.4%) had joint pain, and 39 (95.1%) had at least 1 joint abnormality. Thirteen 
patients with SLE (31.7%) had wrist joint involvement, 7 (17.1%) had metacarpal phalangeal-1 (MCP1) involve-
ment, 8 (19.5%) had MCP2 involvement, 17 (41.5%) had MCP3 involvement, 14 (34.1%) had MCP4 involvement, 
and 5 (12.2%) had MCP5 involvement. Meanwhile, 2 (4.8%) had proximal interphalangeal-1 (PIP1) involvement, 
10 (24.4%) had PIP2 involvement, 17 (41.5%) had PIP3 involvement, 12 (29.3%) had PIP4 involvement, and 3 
(7.3%) had PIP4 involvement. Twelve patients demonstrated knee joint involvement. MCP joints had the high-
est involvement frequency (P=0.003). The most frequently detected disease was synovitis, followed by tenosy-
novitis, joint effusion, and bone erosion. ESR (P=0.002), CRP (P=0.020), and SLEDAI (P=0.011) of patients with 
SLE with arthralgia were significantly higher compared to patients without arthralgia. In patients with RA, mus-
culoskeletal ultrasound scores were correlated with erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), disease activity score-28 (DAS28), and interleukin-6 (IL-6). In patients with SLE, musculoskeletal ultra-
sound scores were correlated with double-stranded DNA (dsDNA), ribonucleoprotein (RNP), DAS28, and IL-6.

	 Conclusions:	 Musculoskeletal ultrasound is highly sensitive in evaluating subclinical synovitis in patients with SLE, and its 
score is positively correlated with dsDNA, RNP IL-6, and DAS28 in patients with SLE.
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Background

Systemic lupus erythematosus (SLE) is an autoimmune disease 
characterized by multiple autoantibodies and multiple organ 
involvement [1,2]. SLE can involve the skin, mucosa, joint mus-
cles, kidney, neuropsychic system, and digestive system [3]. 
Among the diseases of the above organs, arthritis is one of 
the most common clinical manifestations of SLE. The incidence 
of arthritis in patients with SLE of different races ranges from 
69% to 95% [4–6]. A previous study [7] reported that 78.3% 
patients with lupus have arthritis at the initial diagnosis, and 
about 58% of patients with SLE relapse have active arthritis. 
The typical manifestation of SLE arthritis is symmetrical poly-
articular inflammation, mainly involving metacarpal phalan-
geal (MCP), proximal interphalangeal (PIP), distal interphalan-
geal (DIP), and knee joints [8]. SLE arthritis can also damage 
the elbow joint, ankle joint, and sacroiliac joint [8,9]. Clinically, 
symptoms of arthritis can last for several hours, weeks, or even 
months. Compared with rheumatoid arthritis (RA), the swell-
ing caused by effusion and synovium hyperplasia in SLE ar-
thritis is relatively light.

Presently, how to evaluate, treat, and predict SLE arthritis ac-
curately is the main problem faced by rheumatologists. In re-
cent years, most studies have focused on the clinical aspects 
of rheumatoid arthritis. From the traditional point of view, ar-
thritis of patients with SLE is non-erosive and recoverable; how-
ever, this view has now been challenged by use of new imag-
ing technology [10]. According to the description of a previous 
study [11], the concept of bone erosion should be refined. A 
previous study called this kind of erosive joint disease “rhu-
pus” to specifically refer to the combination of the character-
istics of rheumatoid arthritis and systemic lupus erythemato-
sus [12]. According to clinical characteristics and manifestations, 
SLE joint involvement could be divided into arthralgia/synovi-
tis, Jaccoud arthropathy, mild deformable arthropathy, erosive 
arthropathy, and involvement of periarticular tissue [13,14].

In the diffuse connective tissue disease, joint involvement of 
patients with SLE is generally considered as non-aggressive. 
Rheumatologists may neglect the detailed assessment of lu-
pus joint, which can lead to aggravation of arthritis or even de-
formity. Therefore, in the present study we developed a joint 
assessment system suitable for use in SLE arthritis. Clinically, 
the SLE disease activity index 2000 (SLEDAI) scoring system 
is widely used in patients with SLE; however, this system also 
focuses on multiple systems and organs of the whole body, 
and is not limited to joints [15]. In the past few years, the dis-
ease activity score-28 (DAS28) score has been verified in many 
ways and widely used in routine clinical practice in patients 
with RA. The DAS28 score is accepted because of its advan-
tages of easy operation, high standard, high correlation with 
doctors’ and patients’ evaluation, and full differentiation of 

disease activity and disease remission rate. It has been found 
that DAS28 can be used to evaluate the joint involvement of 
patients with SLE [16].

Nowadays, in the classification and recognition of SLE arthri-
tis, there are some new technical weapons, such as magnet-
ic resonance imaging (MRI), musculoskeletal ultrasound and 
molecular methods [17]. However, there is not a well-defined 
classification system for SLE arthritis. Use of new imaging 
techniques, including MRI and musculoskeletal ultrasound, is 
improving understanding of the erosion process and joint pa-
thology in rheumatic diseases. There remain many problems 
to be explored and solved in SLE arthritis research. Therefore, 
it is of long-term significance to study subclinical synovitis, 
bone erosion, and joint dysfunction in SLE arthritis [18]. At the 
same time, we can recognize SLE as a complex disease from 
another perspective.

This retrospective study aimed to compare the role of hand 
and wrist ultrasound in diagnosis of subclinical synovitis in 
patients with SLE and RA at a single center in Sichuan, China.

Material and Methods

Patients

We enrolled 41 patients with SLE hospitalized in the 
Rheumatology and Immunology Ward of West China Hospital 
of Sichuan University, from February 2014 to February 2015. 
Among all patients with SLE, there were 5 male patients and 
36 female patients, with an average age of 34.73±12.298 
years (range, 15–65 years). The average course of disease 
was 48.17±48.297 months (range, 1–180 months). A total of 
20 patients with RA (5 males and 15 females) were also in-
cluded in this study. The average age of patients with RA was 
41.10±11.548 years (range, 18–65 years old), and an average 
course of disease of 21.750±20.8879 months (range, 3–72 
months). Patients with confirmed diagnosis of SLE or AR and 
complete history were included in this study. We excluded pa-
tients with severe infection, combined SLE and RA, and other 
types of arthritis (such as spinal arthritis and gout).

This study was approved by the Ethics Committee of West 
China Hospital, Sichuan University, Chengdu, China. All of 
the patients with SLE and patients with RA provided written 
formed consent.

Classification criteria and disease assessment of SLE

For the classification standard of SLE, we used the SLE classifi-
cation standard revised by the American rheumatology Society 
(ACR) [19]. The ACR SLE classification includes 11 items, and 
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SLE is diagnosed when the patient has 4 or more items, ex-
cluding infection, tumor, and other connective tissue diseases. 
For the assessment of SLE, we used the SLE disease activity in-
dex 2000 (SLEDAI) scoring standard [20]. Inactive SLE was de-
fined as SLEDAI £4 and active SLE was defined as SLEDAI ³5.

Classification of RA and evaluation of musculoskeletal 
ultrasound

RA was classified according to the 1987 American rheumatic 
Association (ACR) classification of RA [21]. Evaluation of mus-
culoskeletal ultrasound was carried out according to EULAR 
guidelines for musculoskeletal US in rheumatology [22] and 
Outcome Measures in RA Clinical Trials (OMERACT) [23]. The 
Esaote MyLab 20 ultrasound instrument (with probe frequen-
cy of 8–12 MHZ and 12–18 MHZ, respectively) was used. The 
bilateral wrist joints, bilateral MCP joints, bilateral PIP joints, 
and bilateral knee joints of all patients with SLE and RA were 
examined by a single rheumatologist. The semi-quantitative 
ultrasound evaluation system was used to evaluate each joint 
in 4 aspects: joint effusion, synovitis, tenosynovitis/peritendi-
nitis, and bone erosion.

Data collection

We collected data on general patient characteristics (age, sex, 
onset time, onset age), detailed history of disease, clinical man-
ifestations, physical examination, laboratory indicators, im-
aging data, and treatment plans of the patients with SLE and 
patients with RA. The main clinical manifestations included ar-
thralgia, new rash, mucosal ulcer, neuropsychological symp-
toms, alopecia, fever, and myositis. Patient histories mainly in-
cluded severe infection and course of the disease. Laboratory 
indexes mainly included antinuclear antibody (ANA) titer, ex-
tractable nuclear antibody (ENA) spectrum (including Sjögren 
syndrome A (SSA), Sjögren syndrome B (SSB), ribonucleopro-
tein (RNP), Smith (SM), ribosomal (RIB)), complement 3 (C3), 
complement 4 (C4), rheumatoid factor (RF), cyclic citrullinated 
peptide (CCP), keratin antibody (AKA), blood routine, urination 
routine, 24-hour urine protein levels, erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), and serum interleu-
kin-6 (IL-6), and these were examined as described by previ-
ous published studies [24–26]. All examinations of the above 
laboratory indexes were completed within 24 h before or af-
ter ultrasound examination.

Statistical analysis

SPSS20.0 statistical software was used for data analyses. The 
measurement data were represented as mean±standard devia-
tion (SD), and the counting data were represented as percent-
age or frequency. Tukey’s post hoc test was used to validate 
the analysis of variance (ANOVA) for comparing measurement 

data between groups. Spearman correlation analysis was car-
ried out for analyzing the correlations. Statistical significance 
was defined as P<0.05.

Results

Basic data of 41 patients with SLE and 20 patients with RA

This study involved 41 patients with SLE and 20 patients with 
RA, whose clinical manifestations (disease course, joint involve-
ment), laboratory indexes (ANA titer, ENA spectrum, ESR, CRP 
and serum IL-6, C3, C4, RF, CCP), and scoring data (DAS28 score, 
SLEDAI score, and ultrasonic score) are illustrated in Table 1.

Joint involvement frequency assessment in patients with 
SLE using musculoskeletal ultrasound

Musculoskeletal ultrasound was used to scan and evaluate 
984 joints of hands, wrists, and knees in 41 patients with SLE 
from 4 aspects: joint effusion, synovial hyperplasia, tenosy-
novitis, and bone erosion. Among these 41 patients, 26 pa-
tients (63.4%) had joint pain and 39 patients (95.1%) had at 
least 1 joint abnormality (Figure 1). Among all 41 patients, 
13 patients (31.7%) had wrist joint involvement and 7 pa-
tients (17.1%) had first metacarpal phalangeal-1 (MCP1) in-
volvement, 8 patients (19.5%) had MCP2 involvement, 17 pa-
tients (41.5%) had MCP3 involvement, 14 patients (34.1%) 
had MCP4 involvement, and 5 patients (12.2%) had MCP5 in-
volvement (Figure 1). Meanwhile, 2 patients (4.8%) had first 
proximal interphalangeal-1 (PIP1) involvement, 10 patients 
(24.4%) had PIP2 involvement, 17 patients (41.5%) had PIP3 
involvement, 12 patients (29.3%) had PIP4 involvement, and 
3 patients (7.3%) had PIP4 involvement (Figure 1). Moreover, 
there were 12 patients (29.3%) demonstrated knee joint in-
volvement (Figure 1). We found that metacarpal phalange-
al joints were the joint groups with the highest frequency of 
involvement (P=0.003). Among 410 MCP joints, the frequen-
cy of involvement from high to low was MCP3 >MCP4 >MCP2 
>MCP1 >MCP5 (Figure 1).

Evaluation for different joint diseases in joints of patients 
with SLE using musculoskeletal ultrasound

The OMERACT scoring system of musculoskeletal ultrasound 
can be used for semi-quantitative evaluation of joint effusion, 
synovitis, tendinitis/peritendinitis, and bone erosion. Our re-
sults indicated that among 82 wrist joints, 53 joints demon-
strated synovial hyperplasia (27 had CDFI signal), 12 joints 
demonstrated tenosynovitis, and 3 joints demonstrated bone 
erosion (Figure 2). Out of 410 MCP joints, 87 showed synovi-
al hyperplasia, 31 showed tenosynovitis, and 2 showed bone 
erosion (Figure 2). Among 410 PIP joints, 35 exhibited synovial 
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 Characteristics SLE RA

Gender (Male/Female) 5/36 5/15

Age (mean±SD) 	 34.73±12.30 	 41.10±11.55

Course of disease (mean±SD) 	 48.17±48.30 	 21.750±20.89

Joint involvement (n,%) 	 26	 (63.4) 	 20	 (100.0)

ANA (n, %) 	 41	 (100.0) –

dsDNA (n, %) 	 26	 (63.4) –

SSA (n, %) 	 31	 (75.6) –

SSB (n, %) 	 3	 (7.3) –

RNP (n, %) 	 31	 (75.6) –

SM (n, %) 	 12	 (29.3) –

RIB (n, %) 	 11	 (26.8) –

C3 (mean±SD) 	 0.5301±0.2578 –

C4 (mean±SD) 	 0.1262±0.0919 –

RF (mean±SD) – 	 146.35±130.33

CCP (mean±SD) – 	 255.1±189.86

IL-6 (mean±SD) 	 9.67±8.63 	 12.7025±8.09

ESR (mean±SD) 	 31.37±19.87 	 58.65±38.54

CRP (mean±SD) 	 4.9759±4.88 	 26.30±22.29

DAS28 (mean±SD) 	 3.3049±0.80 	 5.188±1.13

SLEDAI score (mean±SD) 	 12.90±5.54 –

Ultrasonic score (mean±SD) 	 11.02±7.171 	 31.10±14.071

Table 1. �Demographic and clinical characteristics for 41 patients with SLE and 20 patients with RA involved in this study. We assessed 
the disease course and joint involvement, laboratory indexes (ANA titer, ENA spectrum, ESR, CRP and IL-6, C3, C4, RF, CCP) and 
scoring data (DAS28 score, SLEDAI score and ultrasonic score).

SLE – systemic lupus erythematosus; RA – rheumatoid arthritis; ANA – antinuclear antibody; ENA – extractable nuclear antibody; 
dsDNA – double-strands DNA; SSA – Sjögren syndrome A; SSB – Sjögren syndrome B; RNP – ribonucleoprotein; SM – Smith; 
RIB – ribosomal; C3 – complement 3; C4 – complement 4; RF – rheumatoid factor; CCP – cyclic citrullinated peptide; AKA – keratin 
antibody; ESR – erythrocyte sedimentation rate; CRP – C-reactive protein; IL-6 – interleukin-6; SLEDAI – SLE disease activity index; 
DAS28 – disease activity score-28; SD – standard deviation.
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Figure 1. �Statistical analysis of joint involvement frequency in patients with SLE undergoing evaluation by musculoskeletal ultrasound. 
Among the 410 MCP joints, frequency of involvement from high to low was: MCP3, MCP4, MCP2, MCP1, and MCP5. MCP – 
metacarpal phalangeal, PIP – proximal interphalangeal.
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hyperplasia, 27 exhibited tenosynovitis, and 1 exhibited bone 
erosion. Among 82 knee joints, there were 19 synovial hyperpla-
sia (1 with CDFI signal) and 56 joint effusion (Figure 2). Among 
all 984 joints in 41 patients with SLE, the most frequently de-
tected type was synovitis (194/984, 19.7%), followed by te-
nosynovitis (70/984, 7.1%), joint effusion (56/984, 5.7%), and 
bone erosion (6/984, 0.6%) (Figure 2).

Estimation of musculoskeletal ultrasound scores in 
different joints of patients with SLE

In the patients with SLE, scores of musculoskeletal ultrasound 
OMERACT evaluation of joint involvement directly reflected the 
severity of joint involvement. The findings indicated that the 
score of the MCP group was significantly higher compared to 
that of the other groups (Table 2, P<0.05). Therefore, muscu-
loskeletal ultrasound evaluations demonstrated that MCP was 
the most seriously affected, followed by the wrist joint, knee 
joint, and PIP (Table 2).

Data analysis of patients with SLE with or without 
arthralgia

According to the existence of arthralgia or not, the patients 
with SLE were divided into a group of patients with SLE with 
arthralgia and a group of patients with SLE without arthral-
gia, and we compared them (95% confidence interval). ESR 
(P=0.002), CRP (P=0.020), and SLEDAI score (P=0.011) of pa-
tients with SLE with arthralgia were significantly higher com-
pared to those of patients with SLE without arthralgia (Table 3). 
However, there was no significant difference in ultrasound 
scores between patients with arthralgia and patients with SLE 
without arthralgia (Table 3, P=0.812). These results suggest 
that the patients with SLE without arthralgia may be abnormal 

in musculoskeletal ultrasound evaluation, suggesting that the 
musculoskeletal ultrasound evaluation for SLE arthritis is more 
sensitive than the physical examinations.

Differences between patients with SLE and RA in 
musculoskeletal ultrasound, laboratory indexes, and 
DAS28 scores

We also enrolled 20 patients with RA to compare them with 
patients with SLE and to establish a more practical musculo-
skeletal ultrasound evaluation system. We found significant 
differences in ESR (P=0.000), CRP (P=0.001), DAS28 (P=0.000), 
and ultrasonic score (P=0.000) between patients with SLE and 
patients with RA (Table 4).

Correlation between musculoskeletal ultrasound scores 
and inflammatory indexes

There were significant correlations between ESR (r=0.932, 
P=0.000) or CRP (r=0.906, P=0.000) and the musculoskeletal 
ultrasound scores in the patients with RA (Table 5). However, 
there were no significant differences between ESR (r=0.215, 
P=0.117) or CRP (r=0.124, P=0.439) and the musculoskeletal 
ultrasound scores in patients with SLE (Table 5).

Musculoskeletal ultrasound score was correlated with IL-6

We also analyzed correlation between cytokine, IL-6, and mus-
culoskeletal ultrasound scores. The results showed that mus-
culoskeletal ultrasound scores of patients with RA (r=0.834, 
p=0.000) and patients with SLE (r=0.580, P=0.000) were pos-
itively correlated with the serum IL-6 (Figure 3).
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Figure 2. �Musculoskeletal ultrasound evaluation for the joint 
diseases in the joints of patients with SLE. Among all 
984 joints, the frequency of joint disease type from 
high to low was: synovitis, tenosynovitis, joint effusion, 
and bone erosion. MCP – metacarpal phalangeal, 
PIP – proximal interphalangeal.

Different joints Ultrasonic scores (mean±SD)

Wrist 1.67±4.4

MCP 2.38±3.7

PIP 1.08±3.9

Knee 1.49±1.5

Table 2. �Semi-quantitative assessment of degree of joint 
involvement in patients with SLE using ultrasonography. 
The MCP was the most seriously affected joint, followed 
by wrist joints, knee joints, and PIP joints.

SLE – systemic lupus erythematosus; MCP – metacarpal 
phalangeal; PIP – proximal interphalangeal; SD – standard 
deviation.
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Correlation between musculoskeletal ultrasound scores 
and autoantibodies

In the patients with RA, there were significant positive cor-
relations between the RF (r=0.776, P=0.000) or CCP antibody 
titer (r=0.682, P=0.000) and the musculoskeletal ultrasound 
scores (Table 5). In the patients with SLE, there were significant 

correlations between titer of dsDNA (r=0.384, P=0.013) or RNP 
autoantibodies (r=0.366, P=0.019) and musculoskeletal ultra-
sound scores (Table 5). However, there were no significant cor-
relations between the other autoantibodies and musculoskel-
etal ultrasound scores in patients with SLE (Table 5).

SLE (without arthralgia) SLE (with arthralgia) p Values

Cases (n%) 15 (36.6%) 26 (63.4%) –

Age (mean±SD) 32.00±7.865 36.31±14.153 0.218

Course of disease 43.53±36.804 50.85±54.345 0.646

C3 (mean±SD) 0.558±0.240 0.514±0.271 0.607

C4 (mean±SD) 0.132±0.065 0.123±0.106 0.773

ANA (mean±SD) 2.17±0.994 2.37±1.091 0.566

dsDNA (mean±SD) 1.20±1.521 1.81±1.919 0.301

RNP (mean±SD) 1.20±0.996 0.79±0.851 0.169

SSA (mean±SD) 1.52±1.246 1.29±0.940 0.480

SSB (mean±SD) 0.27±0.799 0.04±0.196 0.170

RIB (mean±SD) 0.33±0.816 0.54±0.948 0.488

SM (mean±SD) 0.60±0.737 0.21±0.493 0.050

ESR (mean±SD) 19.00±16.353 38.50±18.364 0.002

CRP (mean±SD) 2.681±1.512 6.300±5.641 0.020

IL-6 (mean±SD) 8.169±7.871 10.536±9.069 0.404

SLEDAI scores (mean±SD) 10.07±5.271 14.54±5.101 0.011

DAS28 scores (mean±SD) 2.99±0.0.773 3.49±0.774 0.055

Ultrasonic scores (mean±SD) 10.67±6.411 11.23±7.691 0.812

Table 3. �Comparative analysis of patients with SLE with and without arthralgia. The results showed that patients with SLE 
without arthralgia tended to demonstrate abnormality according to the musculoskeletal ultrasound, which suggests that 
musculoskeletal ultrasound is more sensitive for evaluating SLE arthritis.

SLE – systemic lupus erythematosus; ANA – antinuclear antibody; ENA – extractable nuclear antibody; dsDNA – double-stranded DNA; 
SSA – Sjögren syndrome A; SSB – Sjögren syndrome B; RNP – ribonucleoprotein; SM – Smith; RIB – ribosomal; C3 – complement 3; 
C4 – complement 4; RF – rheumatoid factor; CCP – cyclic citrullinated peptide; AKA – keratin antibody; ESR – erythrocyte 
sedimentation rate; CRP – C-reactive protein; IL-6 - interleukin-6; SLEDAI – SLE disease activity index; SD – standard deviation.

SLE RA p Values

ESR (mean±SD) 31.37±19.869 58.65±38.545 0.000

CRP (mean±SD) 4.976±4.879 26.300±22.293 0.001

DAS28 scores (mean±SD) 3.30±0.801 5.188±1.128 0.000

Ultrasonic scores (mean±SD) 11.02±7.171 31.10±14.071 0.000

Table 4. �Differences between patients with SLE and patients with RA determined using musculoskeletal ultrasound, laboratory indexes 
(including ESR and CRP), and DAS28 scores.

SLE – systemic lupus erythematosus; RA – rheumatoid arthritis; ESR – erythrocyte sedimentation rate; CRP – C-reactive protein; 
DAS28 – disease activity score-28; SD – standard deviation.
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Correlation between musculoskeletal ultrasound scores 
and DAS28/SLEDAI scores

For the patients with RA, the DAS28 score was positively cor-
related with the musculoskeletal ultrasound score (Table 5, 
r=0.591, P=0.000). For the patients with SLE, the DAS28 score 
was also positively correlated with musculoskeletal ultrasound 
score (Table 5, r=0.905, P=0.000); however, there was no corre-
lation between SLEDAI score and musculoskeletal ultrasound 
score (Table 5, r=0.161, P=0.314).

Discussion

Among 41 patients with SLE, 26 had joint pain and 39 had at 
least 1 joint abnormality. A total of 13 patients with SLE had 
wrist joint involvement, 7 had MCP1 involvement, 8 had MCP2 
involvement, 17 had MCP3 involvement, 14 (34.1%) had MCP4 
involvement, and 5 had MCP5 involvement. Meanwhile, 2 had 

Parameters
Ultrasonic scores

r p Values

ESR   

	 RA-ESR 0.932 0.000

	 SLE-ESR 0.215 0.117

CRP

	 RA-CRP 0.906 0.000

	 SLE-CRP 0.124 0.439

Autoantibody

	 RA-FR factor 0.776 0.000

	 RA-CCP 0.682 0.000

	 SLE-ANA 0.101 0.53

	 SLE-dsDNA 0.384 0.013

	 SLE-SSA –0.079 0.622

	 SLE-SSB 0.085 0.599

	 SLE-RNP 0.366 0.019

	 SLE-SM –0.023 0.885

	 SLE-RIB –0.024 0.882

	 SLE-C3 –0.284 0.072

	 SLE-C4 –0.180 0.259

DAS28

	 RA-DAS28 0.591 0.000

	 SLE-DAS28 0.905 0.000

SLEDAI

	 SLE-SLEDAI 0.161 0.314

Table 5. �Correlation analysis between musculoskeletal 
ultrasound scores and inflammatory indexes/
autoantibodies. There were positive correlations 
between RF/CCP antibody titer and ultrasound scores 
in patients with RA. There were significant correlations 
between dsDNA titer/RNP autoantibodies and 
ultrasound scores in patients with SLE. DAS28 score was 
positively correlated with ultrasound score in patients 
with RA and in patients with SLE.

SLE – systemic lupus erythematosus; RA – rheumatoid 
arthritis; ANA – antinuclear antibody; dsDNA – double-stranded 
DNA; SSA – Sjögren syndrome A; SSB – Sjögren syndrome 
B; RNP – ribonucleoprotein; SM – Smith; RIB – ribosomal; 
C3 – complement 3; C4 – complement 4; RF – rheumatoid 
factor; CCP – cyclic citrullinated peptide; AKA – keratin antibody; 
ESR – erythrocyte sedimentation rate; CRP – C-reactive protein; 
IL-6 – interleukin-6; SLEDAI – SLE disease activity index; 
DAS28 – disease activity score-28.
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Figure 3. �The musculoskeletal ultrasound scores of patients 
with SLE (A) and patients with RA (B) were positively 
correlated with the serum level of IL-6. SLE – systemic 
lupus erythematosus; RA – rheumatoid arthritis; 
IL-6 – interleukin-6.
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PIP1 involvement, 10 had PIP2 involvement, 17 had PIP3 in-
volvement, 12 had PIP4 involvement, and 3 had PIP4 involve-
ment. The MCP joints demonstrated the highest involvement 
frequency. The most frequently detected disease was synovitis, 
followed by tenosynovitis, joint effusion, and bone erosion. ESR, 
CRP, and SLEDAI of patients with SLE were significantly high-
er compared to patients without arthralgia. Musculoskeletal 
ultrasound scores were correlated with ESR, CRP, DAS28, and 
IL-6 in patients with RA and were correlated with dsDNA, RNP, 
DAS28, and IL-6 in patients with SLE.

In recent years, more and more studies have proven that mus-
culoskeletal ultrasound, as a new imaging technology, plays an 
important role in assessment of rheumatic diseases, especial-
ly for joint and tendon abnormalities [27–29]. Musculoskeletal 
ultrasound is now increasingly used in patients with rheuma-
toid arthritis (RA) and spinal arthritis to detect inflammatory 
injuries [30], such as joint effusion, synovitis, tendinitis, teno-
synovitis, and bone erosion. A relatively mature evaluation sys-
tem has been established for patients with RA. The frequency 
of the affected joint observed by ultrasound in patients with 
RA was consistent with the clinical manifestations, and the 
score of color Doppler ultrasound was also significantly corre-
lated with the inflammatory index and DAS28 score. However, 
for patients with SLE, although joint involvement is one of the 
most common clinical manifestations, musculoskeletal ultra-
sound assessment is rarely used to detect joint diseases [31].

SLE is a serious disease with genetic heterogeneity, and the re-
currence and remission of which are unpredictable. However, 
musculoskeletal system involvement is the most common 
symptom of SLE. Therefore, accurate assessment of joints 
in patients with SLE is a critical step in diagnosis, treatment, 
and prognosis evaluation. The purpose of this study was to 
evaluate the joint status of patients with SLE from aspects of 
joint effusion, synovitis, tenosynovitis and bone erosion. We 
also explored the relationship between ultrasound and auto-
antibody, inflammation index, SLEDAI score, and DAS28 score 
to establish a joint evaluation system for patients with SLE. 
Additionally, our results may help in development of person-
alized treatment programs for patients with SLE, so as to in-
crease the accuracy of overall assessment of disease in pa-
tients with SLE.

Among the 41 patients with SLE involved in this study, mus-
culoskeletal ultrasound demonstrated that more than 90% of 
the affected joints had SLE arthritis. In contrast to the affected 
joints in patients with RA, SLE arthritis mainly involved the MCP 
joint group, which was also the most affected joint. Among the 
MCP joints, the most commonly affected joint was the MCP3 
joint, followed by the MCP4 joint, MCP2 joint, MCP1 joint, 
and MCP5 joint. In 41 patients with SLE, 63.4% had arthral-
gia, 95.1% of whom had joint abnormality. This phenomenon 

suggests that arthritis in patients with SLE might not show ar-
thralgia symptoms, and physical examination may not reveal 
joint tenderness and swelling. Patients with SLE were divided 
into SLE without arthralgia and SLE with arthralgia patients, 
according to whether there was arthralgia, and then the data 
were compared. Our results showed that there were signifi-
cant differences in ESR, CPR, and SLEDAI scores between SLE 
with arthralgia and SLE without arthralgia patients. However, 
there was no significant difference between the 2 groups in 
musculoskeletal ultrasound scores, which suggests that the 
joint abnormalities detected by musculoskeletal ultrasound 
might not be shown by clinical manifestations and physical 
examination. Meanwhile, the sensitivity of musculoskeletal ul-
trasound was much better than that of clinical manifestations 
and physical examination [32], which suggests that musculo-
skeletal ultrasound can accurately detect subclinical synovi-
tis in patients with SLE. We also found that the most common 
joint problem of patients with SLE was synovitis (with a fre-
quency of 19.7%), following with tenosynovitis (7.1%), joint 
effusion (5.7%), and bone erosion (0.6%). This is also in line 
with the clinical characteristics of SLE arthritis, which in most 
cases is non-erosive arthritis.

In patients with RA, we studied the correlation between muscu-
loskeletal ultrasound and laboratory examination, SLEDAI score, 
and DAS28 score. The findings showed that musculoskeletal ul-
trasound evaluation was correlated with inflammatory indexes, 
including ESR and CRP. Research on correlations between IL-6 
level and arthritis has increased in recent years. In the present 
investigation, musculoskeletal ultrasound confirmed the corre-
lation between musculoskeletal ultrasound evaluation of arthri-
tis in patients with RA and inflammatory indexes, and revealed 
correlations between IL-6 level and RA ultrasonic evaluation. 
Most importantly, this study analyzed the correlation between 
musculoskeletal ultrasound scores of patients with SLE and the 
autoantibodies (including ANA, dsDNA, SM, SSA, SSB, RNP, RIB, 
C3, C4), laboratory indexes (ESR, CRP, IL-6), SLEDAI scores, and 
DAS28 scores. Our data showed that musculoskeletal ultra-
sound scores were positively correlated with dsDNA antibody, 
RNP antibody, serum IL-6, and DAS28 scores. In other words, 
the above laboratory data and DAS28 scores reflect arthritis 
status in patients with SLE, and also provides strong evidence 
for establishing a more complete, sensitive, and specific eval-
uation system [33]. Actually, except for the SLEDAI score and 
DAS28 score, the Systemic Lupus International Collaborating 
Clinics (SLICC) could also be applied for evaluating systemic lu-
pus erythematosus [34], which could be used in further study. 
In addition to the present study, there are also a few other 
published articles involving the determination of joint involve-
ment in hands and wrists of patients with SLE [35,36]. Ruano et 
al. [35] evaluated the subclinical joint inflammation of patients 
with SLE using global ultrasound and power Doppler ultrasound, 
but they evaluated SLE using inflammation indexes (ESR, CRP, 
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and IL-6) and according to EULAR guidelines for musculoskel-
etal US in rheumatology and Outcome Measures in RA Clinical 
Trials (OMERACT). Gabba et al. [36] also reported that muscu-
loskeletal ultrasound is a reliable tool for monitoring musculo-
skeletal characteristics for patient with SLE; however, SLE was 
classified with using the British Isles Lupus Assessment Group 
(BILAG) 2004 score (we used SLEDAI score and DAS28 score). 
Moreover, Iagnocco et al. [37] found that foot joints were the 
most frequently involved joints; however, the present find-
ings demonstrated the highest involvement frequency in MCP 
joints. The difference might be due to the different involved 
joints of patient with SLE.

Although our study produced some interesting results, it also 
has some limitations. First, the sample size was small and the 
number of joints detected was limited; therefore, the results 
may not be accurate. Second, there is no specific treatment 
strategy for SLE. Treatment of SLE includes non-steroidal an-
ti-inflammatory drugs, glucocorticoid, and disease modifying 
anti-rheumatic drugs, which have certain impacts on evalu-
ation of arthritis and are uncontrollable factors in this study. 
Third, this was a single-center and retrospective analysis, and 
the age groups were not uniform. Fourth, we did not evalu-
ate the involvement of foot joints in patients with SLE, which 
might show higher involvement than in MCP joints. Fifth, the 
present retrospective investigation relied on archived clinical 
data, mainly including patients with SLE examined 5 year ago. 
Finally, only the EULAR- and OMERACT-based musculoskele-
tal ultrasound and SLEDAI score and DAS28 score were used 
in this study, while the other ultrasound methods and scoring 
systems were not applied.

Conclusions

As a powerful tool for evaluating and predicting joint involve-
ment, musculoskeletal ultrasound has the advantages of safe-
ty, non-invasiveness, low cost, and high acceptability [38] com-
pared with the traditional X-ray, computed tomography (CT), 
and MRI technologies. Musculoskeletal ultrasound has become 
an important method in diagnosis and treatment of rheumatic 
diseases. Musculoskeletal ultrasound is very sensitive in eval-
uating subclinical synovitis in patients with SLE. We found a 
Iannucci positive correlation between musculoskeletal ultra-
sound score and levels of autoantibodies, IL-6, and DAS28 in 
patients with SLE.

This study provides a basis for establishment of an arthri-
tis evaluation system in patients with SLE. For patients with 
SLE, especially those with increased inflammation indexes, in-
creased DAS28 score, increased dsDNA and RNP, even if there 
is no clinical manifestation of arthralgia, it is necessary to im-
prove musculoskeletal ultrasound to evaluate activity of arthri-
tis to guide adjustment of drug regimens. However, it is not 
clear whether subclinical synovitis in early treatment of SLE 
improves the prognosis of joints and tendons. Therefore, fur-
ther research with larger samples and more in-depth evalua-
tion of early treatment efficacy is needed. To improve the in-
dividualized treatment of patients with SLE, further research 
is needed on the correlations between musculoskeletal ultra-
sound examination and drug therapy, and to explore target-
ed drug therapy guided by ultrasound.
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