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ABSTRACT
Objective: To determine the value of musculoskeletal ultrasound (MSUS) in evaluating the pathological features and inﬂammatory lesions of rheumatoid ﬁnger arthritis.
Study Design: A comparative study.
Place and Duration of Study: Ningbo No. 6 Hospital, China, from September 2017 to February 2020.
Methodology: Eighty patients with rheumatoid ﬁnger arthritis (570 ﬁnger joints) were examined by MSUS and MRI. Detection
rates of the two methods for diagnosing the pathological features of rheumatoid arthritis, levels of the serum markers rheumatoid factor (RF), etc, were compared.
Results: Detection rate of joint eﬀusion by MSUS was higher than MRI (p <0.001). Spearman’s correlation analysis showed that
synovial blood ﬂow signal grade was positively correlated with serum RF, anti-CCP, ESR, CRP, IL-6, and IL-33 levels (r = 0.853, p
<0.001; r = 0.864, p <0.001; r = 0.866, p <0.001; r = 0.846, p <0.001; r = 0.881, p <0.001; and r = 0.873, p <0.001, respectively). Resistive index value of intra-synovial artery in active patients was lower than in deﬁne inactive patients (p <0.001).
Conclusion: Compared to MRI, MSUS has a higher detection rate of joint eﬀusion in RA patients. In the MSUS examination,
synovial blood ﬂow signal is positively correlated with RF, Anti-CCP, ESR, CRP, IL-6, and IL-33, and the resistive index of intrasynovial artery is closely related to disease activity.
Key Words: Musculoskeletal ultrasound (MSUS), Rheumatoid arthritis (RA), Synovial hyperplasia, Synovial blood ﬂow signal, Serum
markers.
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INTRODUCTION
Rheumatoid arthritis (RA) is a multi-system inﬂammatory
autoimmune disease that primarily aﬀects the lining of the
synovial joints, and its typical pathological features include
synovial hyperplasia, joint eﬀusion, and bone erosions.1,2 Rheumatoid ﬁnger arthritis is an early manifestation of RA. Joint pain,
fusiform swelling, stiﬀness, ﬂexion and extension disorder, and
other symptoms are usually present in the proximal interphalangeal joints of patients with RA. RA, which is a result of a continuous unbalanced pro- and anti-inﬂammatory response, can
lead to chronic inﬂammation. After speciﬁcally binding to the
antigen, rheumatoid factor (RF) forms immune complexes that
are deposited in joints, kidney, heart, etc., resulting in impaired
organ function.3
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Erythrocyte sedimentation rate (ESR) and RF are commonly
used in clinic to evaluate the activity level of RA. C-reactive
protein (CRP) can more sensitively reﬂect the presence of
inﬂammation and the activity of rheumatoid disease.4 It has
been reported that cytokine interleukin 6 (IL-6) is increased in
5
RA patients. IL-6 is related to RA disease activity, and elevated
IL-6 level will further aggravate joint swelling and pain.6 Interleukin 33 (IL-33) plays a key role in various inﬂammations, infections and autoimmune diseases, and its abnormal signal transduction is related to the pathogenesis of RA.7-9 Research by
Merola et al. conﬁrmed that approximately 80% of patients with
RA are positive for RF and CCP antibodies.10 Anti-cyclic citrullinated peptide (anti-CCP) is a speciﬁc antibody used to diagnose
RA. Schellekens et al. found that anti-CCP antibodies can be
tested positive in early stages of RA.11
Quick and accurate evaluation of the pathological features and
inﬂammatory lesions of RA patients is conductive to disease
monitoring, clinical treatment, and prognosis evaluation. At
present, the widely used imaging tests in academia mainly
include X-ray, CT, MRI, etc. However, in long-term clinical practice, these methods are not ideal for evaluating the pathological
features and inﬂammatory lesions of RA. Ultrasound examina-
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tion is a low-cost, non-invasive, simple, and intuitive method
that can be repeated in a short period of time. As the resolution
of high-frequency ultrasound probes continues to increase,
MSUS has become popular in the examination of human soft
tissues and bone lesions. However, at present, there are few
reports on application of MSUS in evaluating the pathological
features and inﬂammatory lesion degrees of RA.
The purpose of this study was to explore the value of MSUS in
evaluating the pathological features and inﬂammatory lesions
of RA.

METHODOLOGY
The comparative study was conducted at Ningbo No. 6 Hospital,
China, from September 2017 to February 2020 and approved by
the Institutional Ethics Committee of Ningbo No. 6 Hospital.
Eighty patients with rheumatoid ﬁnger arthritis (570 ﬁnger
joints) were selected as the research subjects. Inclusion criteria
were in accordance with the RA early classiﬁcation and diagnosis criteria revised by the American College of Rheumatology
(ACR) and the European League Against Rheumatism in 2009;
the ﬁnger joints showed swelling, pain, and limited mobility; no
anti-rheumatic drugs treatment was given; organ (such as
heart, liver and lung) functions were normal. Exclusion criteria
included those with ﬁnger joint disability and deformity; history
of ﬁnger joint surgery; those with arthro-skeletal pain caused by
trauma, infection, tumor, blood disease or other autoimmune
diseases; severe liver and kidney insuﬃciency; those with
multiple bone erosions; infectious diseases and pregnant or
lactating women. All patients (570 ﬁnger joints) received MSUS
and MRI examinations.
In MSUS examination, a direct scanning method was used. The
patients took a sitting position, and their hands were placed on
the examination table. After the coupling agent was applied on
the joint surface, palmar and dorsal sides of the second to ﬁfth
metacarpophalangeal joints. The proximal interphalangeal
joints in both hands were examined with transverse and longitudinal scanning. In the MRI examination, multi-channel special
coils were used; the sequences were set as: coronal FSE-T1W1,
TR/TE = 500/25ms; sagittal FSE-PDW1, TR/TE = 3000/25 ms;
fat-suppressed FSE-T2W1, TR/TE = 3650/90ms; T2W1 cross-section scan was added if necessary; the layer thickness was set
to 3mm and spacing 3mm.12
On the second day after admission, 5 mL fasting cubital venous
blood was collected from the patients in the morning,
centrifuged, and the serum was separated to detect levels of
serum markers (RF, Anti-CCP, ESR, CRP, IL-6, and IL-33). Among
them, serum RF and CRP levels were detected by the immunoturbidimetric method, ESR by the ESR analyser, and quantitative levels of anti-CCP antibodies (Anti-CCP), IL-6 and IL-33 by
the enzyme-linked immunosorbent assay (ELISA).
The detection rates of typical pathological features (synovial
hyperplasia, joint eﬀusion, bone erosions) were recorded and
compared between MSUS and MRI. The detection rate was
decided with MRI as the gold standard. Synovial hyperplasia
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was deﬁned as a thickness ≥1mm, joint eﬀusion as depth of
joint echo-free space >1mm, and bone erosions as local thinning of articular cartilage ≤1mm.12
With reference to the Walther classiﬁcation standard, MSUS
classiﬁcation of the patient's synovial thickness (grade I, grade
II, grade III, and grade IV) was observed.13 With reference to the
semi-quantitative scores (SQSS), MSUS classiﬁcation of the
patient's synovial blood ﬂow signal (grade 0, grade 1, grade II,
and grade III) was observed.
Serum RF, Anti-CCP, ESR, CRP, IL-6, and IL-33 were compared
between patients with diﬀerent grades of synovial thickness
and synovial blood ﬂow signal. Pulsed Doppler sampling was
performed on the color blood ﬂow under the MSUS examination.
The peak velocity of the systolic phase (Vmax) and the velocity at
the end diastolic phase (Vmin) were measured to calculate resistive index value of the intra-synovial artery. Resistive index of
intrasynovial artery = (Vmax-Vmin)/Vmax. Resistive index values of
intra-synovial artery were compared between active and inactive patients. Those who met any of the following 4 items simultaneously were deﬁned as active patients: (i) moderate pain at
rest; (ii) morning stiﬀness ≥1 h; (iii) swelling in 3 or more joints;
(iv) tender joint count ≥ 5; (v) ESR >28 mm/h.
Data were analysed using SPSS 25 statistical software. Count
data were expressed as n (%) and analysed by the Chi-square
test. Shapiro-Wilk test was used for evaluation of the normality of quantitative data. Measurement data were expressed as
Median (IQR) and Mean ±S.D. Resistance index values of intrasynovial artery were compared between active and inactive
patients using an independent sample t test. RF, Anti-CCP, ESR,
CRP, IL-6, and IL-33 levels in patients with diﬀerent grades of
synovial thickness and synovial blood ﬂow signal were
compared using Kruskal Wallis test; pairwise correlation analysis was conducted using Spearman’s correlation analysis. A pvalue less than 0.05 was statistically signiﬁcant.

RESULTS
Among the 80 patients, 43 were males (53.75%) and 37 were
females (46.25%). They were aged 35-70 (63.18 ±2.45) years;
with a disease course of 5- 8 (2.76 ±0.21) years. Among the 570
ﬁnger joints, the detection rate of synovial hyperplasia was
72.46% (413) by MSUS, and 75.09% (428) by MRI; the diﬀerence
was not signiﬁcant (x2 = 1.020, p = 0.313). The detection rate of
bone erosions was 28.07% (160) by MSUS and 30.53% (174) by
MRI; the diﬀerence was not signiﬁcant (x2 = 0.830, p = 0.362).
The detection rate of joint eﬀusion was 57.02% (325) by MSUS
and 46.14% (263) by MRI; the former was higher than the latter
(x2 = 13.501, p <0.001).
According to MSUS, 41 patients (51.25%) had synovial thickness in grades I-II, 29 patients (36.25%) in grade III, and 10
patients (12.50%) in grade IV, respectively. There were no
signiﬁcant diﬀerences in serum RF, Anti-CCP, ESR, CRP, IL-6,
and IL-33 levels between patients with synovial thickness of
grades I-Ⅱ, III, and IV (p = 0.883, 0.276, 0.263, 0.932, 0.944, and
0.533, respectively, Table I).
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Table I: Comparison of serum marker levels in patients with diﬀerent grades of synovial thickness.
Grades I-II synovial thickness
(n=41)

Grade III synovial thickness
(n=29)

Grade IV synovial thickness
(n=10)

p-value

19.67 (19.04-20.94)

19.90 (19.29-20.51)

19.90 (19.30-20.81)

0.883

296.79 (287.21-315.88)

293.67 (284.67-302.60)

300.19 (291.14-313.84)

0.276

ESR (mm/h)

30.73 (29.74-32.70)

31.58 (30.62-32.55)

31.39 (30.44-32.82)

0.263

CRP (mg/L)

8.04 (7.78-8.56)

8.11 (7.86-8.36)

8.12 (7.88-8.48)

0.932

IL-6 (pg/mL)

36.00 (34.84-38.31)

36.11 (35.00-37.21)

36.12 (35.03-37.77)

0.944

IL-33 (pg/mL)

300.21 (290.52-319.52)

298.18 (289.04-307.25)

301.85 (292.75-315.58)

0.533

Serum markers

RF(IU/mL)
Anti-CCP (RU/mL)

Table II: Comparison of serum marker levels in patients with diﬀerent grades of synovial blood ﬂow signal.
Grades 0-Ⅰ synovial blood
ﬂow signals
(n=37)

Grade II synovial blood ﬂow
signals
(n=30)

Grade III synovial blood ﬂow
signals
(n=13)

p-value

18.14 (17.56-19.01)

20.09 (19.55-20.57)

22.16 (21.92-23.42)

<0.001

285.93 (280.48-290.58)

303.23 (297.15-307.37)

319.65 (317.99-323.43)

<0.001

ESR (mm/h)

28.08 (27.49-28.53)

31.68 (30.75-32.86)

34.32 (34.04-35.18)

<0.001

CRP (mg/L)

7.69 (7.46-7.94)

8.29 (7.83-8.92)

8.83 (8.51-9.67)

<0.001

IL-6 (pg/mL)

35.02 (33.99-35.46)

37.05 (36.83-37.80)

38.56 (38.26-39.04)

<0.001

IL-33 (pg/mL)

294.52 (290.56-298.01)

305.10 (303.21-306.96)

316.80 (310.96-320.74)

<0.001

Serum markers

RF (IU/mL)
Anti-CCP (RU/mL)

Table III: Correlation between serum markers and diﬀerent grades of synovial thickness and synovial blood ﬂow signal.
Grade of synovial
thickness

Serum markers

Grade of synovial blood
ﬂow signal

r

p-value

r

p-value

RF

0.053

0.644

0.853

<0.001

Anti-CCP

0.040

0.724

0.864

<0.001

ESR

0.111

0.328

0.866

<0.001

CRP

0.132

0.243

0.846

<0.001

IL-6

0.050

0.659

0.881

<0.001

IL-33

0.018

0.876

0.873

<0.001

According to MSUS, 37 patients (46.25%) had synovial blood
ﬂow signals in grade 0-Ⅰ, 30 patients (37.5%) in grade II, and
13 patients (16.25%) in grade Ⅲ, respectively. Levels of
serum RF, Anti-CCP, ESR, CRP, IL-6, and IL-33 were statistically diﬀerent between patients with grade 0-Ⅰ, Ⅱ, and Ⅲ
synovial blood ﬂow signals (all p <0.001, Table II), and
serum RF, Anti-CCP, ESR, CRP, IL-6, and IL-33 levels
increased with the increase of the patient's synovial blood
ﬂow signal grade.
Spearman’s correlation analysis showed that the synovial thickness was not correlated with serum RF, Anti-CCP, ESR, CRP, IL-6,
and IL-33 levels (r = 0.053, p = 0.644; r= 0.040, p = 0.724; r =
0.111, p = 0.328; r = 0.132, P = 0.243; r = 0.050, p= 0.659; r =
0.018, and p = 0.876, respectively, Table III).
Spearman’s correlation analysis showed that the synovial

blood ﬂow signal grade was positively correlated with serum
RF, Anti-CCP, ESR, CRP, IL-6, and IL-33 levels (r = 0.853, p
<0.001; r = 0.864, p <0.001; r = 0.866, p <0.001; r =
0.846, p <0.001; r = 0.881, p <0.001; and r = 0.873, p
<0.001, respectively, Table III).
Among the 80 patients, there were 46 active patients
(57.50%) and 34 inactive patients (42.50%). The resistive
index value of intra-synovial artery was 0.62 ±0.09 in active
patients and 0.83 ±0.11 in inactive patients; the former was
lower than the latter (t = -9.526, p <0.001).

DISCUSSION
MRI has the advantages of high-contrast resolution in tissue,
no interference from bone artifacts, multi-directional
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imaging, and the ability to obtain TWI, TW2 and PWI that are
conducive to the contrast analysis of imaging. However, the
expensive and time-consuming MRI examination is not suitable as a routine tool for clinical diagnosis. MSUS enjoys the
advantages of multiplane imaging and ﬂexible scanning, realisation of combined dynamic and static imaging, real-time
dynamic evaluation of tissue lesions, and high resolution of
ﬁne structures like muscles and ligaments.14
However, MSUS imposes high requirements for the machine
and the operator alike. It was found in this study that MSUS
and MRI show no signiﬁcant diﬀerence in the detection rates
of synovial hyperplasia and bone erosions; however, MSUS
has a higher detection rate of joint eﬀusion than MRI. It
suggests that MSUS is the optimal method to examine joint
eﬀusion. In clinical practice, the author has found that MSUS
can detect at least about 1 mL joint eﬀusion. Seifeldein et al.
also conﬁrm that MSUS shows a strong diagnostic value for
joint eﬀusion, synovitis, tenosynovitis and bone erosions in
early RA.15
Some studies suggest that ultrasound Doppler technology
can not only sensitively detect blood ﬂow signals of early
joint lesions, but also detect the presence or absence of
inﬂammatory blood ﬂow signals of chronic synovial hyperplasia in RA patients. 16 Since the hyperplastic synovial
vessels are mostly microvessels, and the ﬂow rate is very
low, color Doppler is insensitive in this aspect. Energy
Doppler can make up for this shortcoming, clearly observe
the blood supply of the synovium, and grade according to
the richness of the blood ﬂow for a semi-quantitative study.
Being able to detect the blood ﬂow signals of microvessels
even in small joints like the metacarpophalangeal joint and
the proximal interphalangeal joint, it indirectly reﬂects the
degree of synovial inﬂammation and is more accurate to
assess joint inﬂammation and changes in joint structure.
CRP, IL-6, and IL-33 are important markers of the body's
inﬂammatory response. ESR is an important indicator of the
degree of synovial inﬂammation. RF is proportional to the
severity of the inﬂammatory response. CRP is important for
disease progression in patients with early RA.17 Najaﬁzadeh
et al. observed that the physiologic correlation between
leptin and CRP and BMI and CRP was not present in RA
patients. 18 IL-6 is closely related to both the classical
humoral disease activity and the HPA axis in RA. 19 It has
been shown that serum IL-33 is positively correlated with RF;
IL-33 may be partly involved in bone erosions in RA.20 In this
study, MSUS examination results show that the synovial
thickness is not related to RF, Anti-CCP, ESR, CRP, IL-6, or
IL-33; however, the synovial blood ﬂow signal is positively
correlated to RF, Anti-CCP, ESR , CRP, IL-6, and IL-33. It
suggests that the inﬂammatory level of RA lesions cannot be
evaluated solely on synovial thickness under MSUS examination, but should be comprehensively evaluated in combination with blood ﬂow signals.
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The inﬂammatory activity of RA is closely related to the
patient's condition, treatment, prognosis and outcome. In
this study, the resistive index of intra-synovial artery is a
parameter to observe the inﬂammatory activity of RA. The
results showed that the resistive index value of the intra-synovial artery in active patients was lower than that in inactive
patients. Karami et al. also found ultrasonography was an
appropriate method in detecting active RA patients. 21 It
suggests that the resistive index value of intra-synovial
artery in MSUS examination can be used as an objective indicator to reﬂect the activity of synovial inﬂammation in RA
clinically.

CONCLUSION
Compared to MRI, MSUS has a higher detection rate of joint
eﬀusion in RA patients. In the MSUS examination, synovial
blood ﬂow signal is positively correlated with RF, Anti-CCP,
ESR, CRP, IL-6, and IL-33, and the resistive index of intra-synovial artery is closely related to disease activity. MSUS has
an important application value for diagnosing pathological
features and inﬂammatory lesions in rheumatoid ﬁnger
arthritis.
ETHICAL APPROVAL:
This study has been approved by the Ethics Committee of
Ningbo No. 6 Hospital, China.
PATIENTS’ CONSENT:
Informed consents were obtained from all participants.
CONFLICT OF INTEREST:
Authors declared no conﬂict of interest.
AUTHORS’ CONTRIBUTION:
XW: Contributed to design articles, collected and analysed
data, and wrote the manuscript.
GQ: Revised the manuscript, helped perform the analysis
with constructive discussions.
HD: Contributed to design articles, collected and analysed
data, and approved the ﬁnal manuscript.

REFERENCES
1. Khan D, Qindeel M, Ahmed N, Khan AU, Khan S, Rehman AU.

Development of novel pH-sensitive nanoparticle-based transdermal patch for management of rheumatoid arthritis.
Nanomedicine (Lond) 2020; 15(16):603-24.
2. Naqvi AA, Hassali MA, Aftab MT. Epidemiology of rheuma-

toid arthritis, clinical aspects and socio-economic determinants in Pakistani patients: A systematic review and meta-analysis. J Pak Med Assoc 2019; 69(3):389-98.
3. Davis JM , Crowson CS, Knutson KL, Achenbach SJ, Straus-

bauch MA, Therneau TM, et al. Longitudinal relationships
between rheumatoid factor and cytokine expression by
immunostimulated peripheral blood lymphocytes from
patients with rheumatoid arthritis: New insights into B-cell
activation. Clin Immunol 2020; 211:108342.
4. Arvidson NG, Larsson A, Larsen A. Disease activity in rheu-

Journal of the College of Physicians and Surgeons Pakistan 2020, Vol. 30(6): 617-621

Diagnostic value of musculoskeletal ultrasound in rheumatoid ﬁnger arthritis

matoid arthritis: Fibrinogen is superior to the erythrocyte
sedimentation rate. Scand J Clin Lab Invest 2002;
62(4):315-9.

patients with osteoarthritis and rheumatoid arthritis.
Arthritis Rheum 2001; 44(2):331-8.
14. Hubac J, Gilson M, Gaudin P, Clay M, Imbert B, Carpentier P.

Singh N, et al. Inﬂammatory markers in patients with rheumatoid arthritis. Allergol Immunopathol (Madr) 2015;
43(1):81-7.

Ultrasound prevalence of wrist, hand, ankle and foot
synovitis and tenosynovitis in systemic sclerosis, and relationship with disease features and hand disability. Joint
Bone Spine 2020; 87(3):229-33.

6. Duan JM, Wang RM, Li XS, Wang C, Meng CY. The study of

15. Seifeldein GS, Moussa DK, Galal MAA, Othman MHM, El-

the correlation between IL-6/IGF-1 and the clinical manifestations of rheumatoid arthritis. Chin J Osteoporo 2016;
22(5):560-2.

Malah HEM. Grading of ultrasonography in rheumatoid
arthritis of wrist and hand joints. Acad Radiol 2020;
S1076-6332(19)30500-8.

7. Murdaca G, Greco M, Tonacci A, Negrini S, Borro M, Puppo F,

16. Brown A. Using ultrasonography to facililate best practice in

et al. IL-33/IL-31 axis in immune-mediated and allergic
diseases. Int J Mol Sci 2019; 20(23):E5856.

diagnosis and management of RA. Nat Rev Rheumatol
2009; 5(12):698-706.

8. Chen S, Chen B, Wen Z, Huang Z, Ye L. IL-33/ST2-mediated

17. He Y, Tang J, Wu B, Yang B, Ou Q, Lin J. Correlation between

5. Shrivastava AK, Singh HV, Raizada A, Singh SK, Pandey A,

inﬂammation in macrophages is directly abrogated by IL-10
during rheumatoid arthritis. Oncotarget 2017;
8(20):32407-18.

albumin to ﬁbrinogen ratio, C - reactive protein to albumin
ratio and th17 cells in patients with rheumatoid arthritis.
Clin Chim Acta 2020; 500:149-54.

9. Pinto SM, Subbannayya Y, Rex DAB, Raju R, Chatterjee O,

18. Najaﬁzadeh SR, Farahmand G, Roudsari AT, Heidari B, Larry

Advani J, et al. A network map of IL-33 signaling pathway. J
Cell Commun Signal 2018; 12(3):615-24.
10. Merola JF, Espinoza LR, Fleischmann R. Distinguishing rheu-

matoid arthritis from psoriatic arthritis. RMD Open 2018;
4(2):e000656.
11. Schellekens GA, Visser H, de Jong BA, van den Hoogen FH,

Hazes JM, Breedveld FC, et al. The diagnostic properties of
rheumatoid arthritis antibodies recognizing a cyclic citrullinated peptide. Arthritis Rheum 2000; 43(1):155-63.
12. Hu X, Gu Y, Cai Y, Xie J, Liu C. Musculoskeletal ultrasound

evaluates the pathological features and inﬂammatory
lesions of rheumatoid ﬁnger arthritis. Zhongguo Zuzhi
Gongcheng Yanjiu 2019; 23:3182-7.
13. Walther M, Harms H, Krenn V, Radke S, Faehndrich TP,

Gohlke F. Correlation of power doppler sonography with
vascularity of the synovial tissue of the knee joint in

Journal of the College of Physicians and Surgeons Pakistan 2020, Vol. 30(6): 617-621

M, Nargesi AA, et al. Absence of a positive correlation
between CRP and leptin in rheumatoid arthritis. Heliyon
2016; 2(12):e00205.
19. Boss B, Neeck G. Correlation of IL-6 with the classical

humoral disease activity parameters ESR and CRP and with
serum cortisol, reﬂecting the activity of the HPA axis in
active rheumatoid arthritis. Z Rheumatol 2000; 59(Suppl
2):II/62-4.

20. Zhu X, Yao L, Zhao L, Xia L, Shen H, Lu J. Increased levels of

interleukin-33 associated with bone erosions and interstitial
lung diseases in patients with rheumatoid arthritis. Cytokine
2012; 58(1):6-9.
21. Karami M, Mohammadzadeh Z, Ebrahimian S, Moradi M,

Zahra S. Ultrasonography of articular and periarticular structures as a relapse predictor in patients with clinically
remitted rheumatoid arthritis. Indian J Rheumatol 2020;
15:17-22.

621

