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ABSTRACT
Objective. To evaluate the diagnostic 
value of hand ultrasound (US) in systemic 
sclerosis (SSc) and to explore its relevance 
within a combined diagnostic approach. 
Methods. 224 patients with suspected 
SSc were consecutively included. They 
all had US evaluation assessing the 
presence of fibrotic tenosynovitis (fib-
rotic TS) and ulnar artery occlusion 
(UAO). The final diagnosis of SSc was 
based on the clinical evaluation of a 
board of experts independently of any 
pre-established classification criteria. 
Results. 166 patients were finally diag-
nosed as SSc according to the experts 
as reference standard. 62 SSc and 8 
non-SSc patients had UAO (uni or bi-
lateral) (p=0.001). 23 SSc patients 
and 1 non-SSc patient had US fibrotic 
TS (p=0.007). A US SSc-pattern (pres-
ence of UAO and/or fibrotic TS) was re-
ported in 73 SSc patients and 9 non-SSc 
patients (p<0.001). UAO had an area 
under ROC curve (AUC) for the diag-
nosis of SSc of 0.618 (95%CI 0.539–
0.697); with Se=0.373 (0.304–0.449) 
and Sp=0.862 (0.751–0.928). Fibrotic 
TS had an AUC of 0.561 (0.480–0.643); 
with Se=0.139 (0.094–0.199) and 
Sp=0.983 (0.909–0.997). The US-SSc 
pattern had a AUC of 0.641 (0.563–
0.695), with Se=0.440 (0.367–0.516) 
and Sp=0.845 (0.731–0.916). A scoring 
system including these US parameters 
and items from ACR/EULAR classi-
fication criteria had an AUC of 0.979 
(0.962–0.996)) and allows the substi-
tution of capillaroscopy by US para-    
meters with similar performances. 
Conclusion. The use of hand US pa-
rameters may help to refine the diagnos-
tic strategy of SSc and their inclusion in 
a combined diagnostic approach could 
be discussed. 

Introduction
Systemic sclerosis (SSc) is a rare auto-
immune disorder characterised by vas-
cular hyper-reactivity and fibrosis of 
skin and internal organs (1). There is a 
high clinical heterogeneity among SSc 
patients and various phenotypes are 
described, based on visceral involve-
ment or skin fibrosis extent, with dif-
ferent prognosis (2). The classification 
criteria defined by EULAR and ACR 
in 2013 attempt to cover this hetero-
geneity of the disease and include both 
clinical parameters and radiological/
paraclinical findings (interstitial lung 
disease (ILD) and/or pulmonary arteri-
al hypertension (PAH), capillaroscopic 
features, antibody status) (3). Taken 
separately the items of this classifica-
tion have disappointing diagnostic per-
formances. To date, neither ACR nor 
EULAR recommend the use of these 
classification criteria as diagnostic 
criteria, considering that classification 
criteria are designed for the selection 
of a homogeneous population of pa-
tients for clinical trials whereas diag-
nostic criteria try to capture the highest 
number of patients with the suspected 
disease, reflecting the entire spectrum 
of the condition (4). Nonetheless, con-
sidering that there are no consensual 
international diagnostic criteria for SSc 
in daily practice, the combination of 
clinical parameters and radiological/
paraclinical items within the ACR/EU-
LAR classification shows good diag-
nostic performances and some authors 
suggest that this classification could 
serve as a guide to help clinician for 
the diagnosis (3,5), although the final 
diagnosis would still rely on clinicians’ 
expertise, since these classification cri-
teria were not initially designed for di-
agnostic purposes. 
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The hand is almost always affected 
by the disease and five items included 
in this 2013 ACR/EULAR classifica-
tion criteria are related to hand. Recent 
studies have highlighted that ultrasound 
(US) examination could offer a better 
assessment of hand manifestations of 
the disease (6-17). Indeed, US allows 
a simultaneous evaluation of vascular, 
fibrotic and inflammatory hand features 
of the disease, capturing all pathologic 
aspects of the disease in a single exami-
nation. Doppler US can indeed explore 
macrovascular involvement character-
ised by an obliteration of digital arter-
ies or ulnar arteries (9, 10, 13). Ulnar 
artery occlusion (UAO) is especially 
frequent in SSc patients and could be 
a relevant marker of the severity of 
SSc-associated vasculopathy (7, 9, 10). 
Among other hand manifestations of 
the disease, US evaluation can also ex-
plore tenosynovial involvement such as 
inflammatory and fibrotic tenosynovitis 
(11). Although inflammatory synovitis 
or tenosynovitis are not specific to SSc, 
fibrotic tenosynovitis (TS), character-
ised by a US concentric alternation, of 
iso- and/or hyperechoic layers and re-
flecting a fibrosis of paratendinous tis-
sues, are considered to be SSc-specific. 
There is growing interest in the use of 
US in rheumatology and exploring the 
relevance of including this device in the 
diagnostic strategy of SSc is therefore 
mandatory. The 2013 ACR/EULAR 
classification criteria for SSc do not 
include any US parameters (3). The 
diagnostic performances of US param-
eters have been poorly studied to date 
in large populations of suspected-SSc 
patients. Therefore, the objective of this 
study was to evaluate and discuss the 
diagnostic value of hand US param-
eters and to explore their relevance for 
a combined diagnostic approach. 

Methods
Patients
Two hundred and twenty-four patients 
(n=224) were referred to the Rheu-
matology or Internal Medicine de-
partments for suspected SSc/SSc-like 
disorder by their routine practitioner 
(general practitioner, first-line rheu-
matologist, internal medicine specialist 
or dermatologist), were consecutively 

included in this single-centre observa-
tional cross-sectional study (inclusions 
from March 2011 to October 2018). Pa-
tients with suspected overlap syndrome 
could be included. All patients benefit-
ed from global clinical assessment and 
visceral evaluations according to daily 
practice (18). All patients also had US 
evaluation of the hand, performed by 
the same evaluator (GCo, 5 years of 
US practice in 2011, blinded from the 
results of clinical and paraclinical in-
vestigations and for the conclusion of 
the expert for the diagnosis of SSc). 
The ethics committee of Rennes Hos-
pital approved this observational study 
(approvals 14.53 and 15.09). The study 
complied with the recommendations 
of the Declaration of Helsinki. All pa-
tients gave their informed consent prior 
to investigations.

US evaluation and US outcomes
Hand US evaluation was performed as 
previously described (6, 10, 11). UAO 
and fibrotic TS were evaluated by a 
same examiner in all patients (Supple-
mentary Fig. S1). Our US protocol is 
fully described in the Supplementary 
file (US protocol section) 

Diagnosis of SSc 
For the analysis of the diagnostic accu-
racy of the 2013 ACR/EULAR classifi-
cation criteria for SSc, and the diagnos-
tic value of US parameters, the refer-
ence standard was a clinical diagnosis 
of SSc according to a board of experts 
blinded from the results of US evalua-
tion. A first expert reviewed all cases 
and proposed a conclusion regarding 
SSc diagnosis, (AL, 10 years of experi-
ence in SSc diagnosis in 2018) based 
on the evaluation of 34 parameters. 
Patients were also evaluated and dis-
cussed by two other experts (CC & PJ; 
25 years of experience in SSc diagnosis 
in 2018), also blinded from the results 
of US evaluation, independently of the 
first expert. In case of inconsistency, 
a consensus was reached after discus-
sion, supervised by a fourth investiga-
tor (MdSR). According to this strat-
egy, patients were classified as “SSc 
patient” or “other diagnosis than SSc” 
blinded from the results of US evalua-
tion, and expert decision was not based 

on any US parameter. Importantly, the 
expert did not calculate 2013 ACR/EU-
LAR score to give its final diagnostic 
decision and the expert diagnosis was 
therefore only based on his own expe-
rience in SSc and not on the result of 
the total score of 2013 ACR/EULAR 
classification criteria (3). The total 
score of the 2013 ACR/EULAR clas-
sification criteria was separately calcu-
lated for all patients as well as the 1980 
ACR classification criteria for SSc and 
patients were classified according to 
Leroy’s classification by an independ-
ent investigator (19-21).
This evaluation strategy is in accord-
ance with the STARD strategy (22) and 
in accordance with the methodology of 
previous studies evaluating the involve-
ment of US parameters in the diagnos-
tic strategy of systemic diseases such as 
US evaluation of major salivary glands 
in primary Sjögren’s syndrome (23).

Statistical analyses
We performed all tests with a signifi-
cance level of p<0.05. Statistical analy-
ses are fully described in the supplemen-
tary data (section “Statistical analyses”).

Combination of US parameters and 
items from the 2013 EULAR/ACR 
classification for a combined 
diagnostic approach
In order to propose a combined diag-
nostic approach including US param-
eters (UAO; Fibrotic TS) and items 
derived from the 2013 EULAR/ACR 
classification, we evaluated the associ-
ation of US findings with a 2013 ACR/
EULAR score >9 and then determined 
if these parameters were statistically 
independently of the other items of the 
2013 ACR/ EULAR classification us-
ing multivariable stepwise logistic re-
gression models (3, 24). The weight of 
UAO and fibrotic TS was determined 
according to the value of the LR+ in 
these logistic regression models, con-
sidering UAO and fibrotic TS sepa-
rately in a first model and the associa-
tion of these parameters as a “US-SSc 
pattern” in a second model. In a prag-
matic approach, we also analyse the 
diagnostic performances of our scoring 
strategy when capillaroscopic findings 
were suppressed, in order to assess 
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the relevance of our scoring strategy 
without this item evaluating vascular 
involvement and to test the place of US 
parameters in comparison with other 
diagnostic devices used for SSc. 

Results
Characteristics of SSc and non-SSc 
patients, classified according to experts
Two-hundred and twenty-four patients 
(n=224) were included. Among them, 
166 (74.1%) were diagnosed as SSc pa-
tients and 58 (25.9%) were considered 
as non-SSc patients by experts. Clini-
cal, paraclinical and US parameters are 
summarised in Table I and specified in 
the supplementary data. Specific final 
alternative diagnoses for the 58 non-
SSc patients are presented in Table II. 

Diagnostic values of hand US 
parameters for the diagnosis of SSc
Using the experts’ diagnosis of SSc as 
the reference standard, the presence of 
uni or bilateral UAO had an AUC of 
0.618 (0.539-0.697) (Fig. 1A-B), with 
a sensitivity of 0.373 (0.304–0.449), a 
specificity of 0.862 (0.751–0.928) and 
a LR+ of 2.71 (1.38–5.31) (Fig. 1A-B). 
The presence of bilateral UAO had an 
AUC of 0.589 (0.509–0.669), with a 
sensitivity of 0.247 (0.188–0.318) and 
a specificity of 0.931 (0.836–0.973) and 
a LR+ of 3.58 (1.34–9.56) (Fig. 1A-
B). The presence of a fibrotic TS had 
an AUC of 0.561 (0.480–0.643), with 
a sensitivity of 0.139 (0.094–0.199), a 
specificity of 0.983 (0.909–0.997) and 
a LR+ of 8.04 (95%CI 1.11–58.2). The 

US-SSc pattern had an AUC of 0.641 
(0.563-0.695), with a sensitivity of 
0.440 (0.367–0.516), a specificity of 
0.845 (0.731–0.916) and a LR+ of 2.83 
(1.52–5.29). The diagnostic value of 
other clinical/paraclinical items from 
the 2013 ACR/EULAR classification 
criteria are presented in Supplementary 
Table S1. 

Addition of US parameters in 
a combined diagnostic approach 
including the items derived from 
the 2013 ACR/EULAR classification 
criteria for SSc
UAO (uni or bilateral) and fibrotic TS 
were both significantly associated with 
a ACR/EULAR score above 9 in uni-
variable analysis (Suppl. Table S2). 

Table I. Characteristics of the 224 patients (SSc and controls).

	 SSc	 Controls	 OR (95%CI)	 p
	 n (%)	 n (%)	

General parameters
n	 166 	 (74.1)	 58 	 (25.9)
age (years) a	 60.5 	 (52-69.5)	 54.0 	 (43-62)	 NA	 0.001
Female	 127 	 (76.5)	 43 	 (74.1)	 -	 0.23
Current smoker	 34/149 	 (22.8)	 12/55 	 (21.8)	 -	 0.88 
No smoking ever	 77/149 	 (51.7)	 25/55 	 (45.5)	 -	 0.43
Disease duration since RPa	 10.0 	 (4.0-20.0)	 4.5 	 (1.0-9.75)	 NA	 0.002
Clinical parameters
   Raynaud’s phenomenon	 165 	 (99.4)	 40 	 (70.0)	 5.13 (3.88-6.77)	 <0.001 
   Telangiectasia	 107 	 (65.2)	 4	 (6.9)	 25.3 (8.73-73.5)	 <0.001
   Abnormal capillaroscopic pattern	 116/127 	 (91.3)	 13/42 	 (31.0)	 23.5 (9.56-57.9) 	 <0.001
   Puffy fingers	 40 	 (24.1)	 11 	 (19.0)	 -	 0.40
   Sclerodactyly	 114 	 (68.7)	 3	 (5.2)	 41.8 (12.5-140)	 <0.001
   Proximal scleroderma	 44 	 (26.5)	 0 		  +∞	 <0.001
   Modified Rodnan skin scorea	 5.0 	 (3.0-38.0)	 0.0	 (0.0-0.0)	 NA	 <0.001
   History of digital ulcers	 77 	 (46.4)	 6 	 (10.3)	 7.58 (3.09-18.6)	 <0.001
   Calinosis on X-Rays	 72 	 (43.4)	 1	 (1.7)	 40.7 (5.48-302)	 <0.001
   Reflux	 102 	 (61.4)	 12 	 (22.4)	 5.70 (2.85-11.4)	 <0.001
   PAH	 19 	 (11.4)	 0		  +∞	 0.016
   ILD	 65 	 (39.2)	 3 	 (5.2)	 9.32 (2.77-31.3)	 <0.001
   History of scleroderma renal crisis	 5 	 (<1)	 0		  - 	 0.33
Auto-antibodies
   ANA	 158 	 (95.2)	 34 	 (58.6)	 12.0 (4.63-30.8)	 <0.001
   Anti-centromere	 78 	 (47.0)	 11 	 (19.0)	 3.38 (1.63-7.03)	 0.001
   Anti-topoisomerase I	 45 	 (27.1)	 3  	(5.2)	 6.18 (1.83-20.9)	 0.001 
   Anti-RNA-polymerase-III	 7	 (4.2)	 1  	(1.7)	 -	 0.68
   Other autoantibodies
Power Doppler US 
   UAO (uni- or bilateral)	 62 	 (37.3)	 8 	 (13.8)	 3.73 (1.66-8.38)	 0.001 
   UAO (bilateral)	 41 	 (24.7)	 4	 (6.9)	 4.43 (1.51-13.0)	 0.004 
   Fibrotic tenosynovitis (TS)	 23 	 (13.9)	 1	 (1.7)	 9.17 (1.21-69.5)	 0.007
   UAO or fibrotic TS = scleroderma US pattern	 73 	 (44.0) 	 9 	 (15.5)	 4.27 (1.97-9.27)	 <0.001
Classifications
   ACR/EULAR 2013	 157 	 (94.6)	 3	 (5.2)	 319.8 (84-1224)	 <0.001
   ACR 1980	 98 	 (59.0)	 0		  +∞	 <0.001
   Leroy lcSSc	 122 	 (73.5)	 6 	 (10.3)	 27.8 (8.34-92.5)	 <0.001
   Leroy dSSc	 44 	 (26.5)	 0		  +∞	 <0.001

amedian (IQR); NA: non-applicable. SSc: systemic sclerosis; RP: Raynaud’s phenomenon ; PAH: pulmonary arterial hypertension; ILD: interstitial lung dis-
ease on last computed tomography evaluation; UAO: ulnar artery occlusion; TS: tenosynovitis; lcSSc: limited cutaneous SSc; dSSc: diffuse cutaneous SSc.
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With a LR+ of 3.10, UAO had a LR+ 
similar to digital ulcers (DUs) (LR+ of 
4.28). We therefore proposed that UAO 
could weigh a similar number of points 
as DUs (2 points). With a LR+ of 9.20 
the presence of a fibrotic TS on US 
evaluation had a LR+ similar to scle-
rodactyly (LR+ of 11.2) (Suppl. Table 
S2). We therefore proposed that TS 
could add a similar number of points as 
sclerodactyly (4 points). The presence 
of a US-SSc pattern was also associ-
ated with a ACR/EULAR score above 
9 in univariable analysis (Suppl. Table 
S2) with a LR+ of 3.24. 
In multivariable analysis, the signifi-
cant association between UAO or fi-
brotic TS, with a total ACR/EULAR 
score above 9 was not maintained (Ad-
ditional Table II), demonstrating that 
these US parameters could not be con-
sidered independently of other items 
of the classification and should more 
likely be considered as sub-items. US-
fibrotic TS was thus included as a third 
sub-item of digital sclerosis (along 
with puffy fingers and sclerodactyly) 
and UAO (uni or bilateral) was includ-
ed as a third sub-item of digital cuta-
neous lesions (along with pitting scar 
and DUs), considering DUs and UAO 
as vascular cutaneous manifestations 
of the disease (Additional Table III). In 
accordance with the calculation of the 
total score in the 2013 ACR/EULAR 
classification, only the sub-item adding 
the highest number of points was con-
sidered in each category. 

Diagnostic performances of 
this composite score including US 
parameters and items from the 2013 
EULAR/ACR classification criteria
Using the experts’ diagnosis of SSc as 
reference standard, the combination 
of items from the 2013 ACR/EULAR 
classification criteria for SSc, with a di-
agnostic of SSc for a total score ≥9, had 
an AUC of 0.982 (0.969–0.996), with 
a sensitivity of 0.946 (0.900-–.971), a 
specificity of 0.931 (0.836–0.973) and 
a LR+ of 13.7 (5.32–35.3) (Fig. 2A-B). 
Including UAO and fibrotic TS in the 
calculation of the total score had few 
impact on these diagnostic perfor-
mances, as this new composite score 
including US parameters and items 

Table II. Final diagnosis for the 58 non-SSc patients.

Diagnosis 	 n. 	(%)

Undifferentiated connective tissue diseases*	 21 	 (36)
Isolated Raynaud’s disease	 12 	 (20)
Rheumatoid arthritis 	 8 	 (14)
Mixed connective tissue disease 	 4 	 (7)
Systemic lupus erythematosus	 1 	 (1.7)
Generalised morphea 	 1 	 (1.7)
Thoracic outlet syndrome	 3 	 (5.1)
Buerger’s disease	 1 	 (1.7)
Fibromyalgia 	 1 	 (1.7)
Antiphospholipid syndrome 	 1 	 (1.7)
Isolated positivity of antinuclear antibodies	 1 	 (1.7)
Isolated tenosynovitis 	 1 	 (1.7)
Others 	 3 	 (5.1)

*The diagnosis of undifferentiated connective tissue diseases (UCTD) was proposed by the expert 
when patients had autoimmune manifestations but did not have sufficient clinical and/or biological 
autoimmune features to be diagnosed as a defined connective tissue disease such as SSc or systemic 
lupus erythematosus or Sjögren’s syndrome or rheumatoid arthritis. This heterogeneous group could 
include patients with pre-scleroderma conditions without sufficient clinical or biological features to be 
diagnosed as authentic SSc according to the expert opinion and experience.

	 AUC (95%CI)	 Se (95%CI)	 Sp (95%CI)	 LR+ (95%CI)	 Agreement

Uni or bilateral UAO	 0.618	 0.373	 0.862	 2.71	 50.0%
	 (0.539-0.697)	 (0.304-0.449)	 (0.751-0.928)	 (1.38-5.31)  
Bilateral UAO	 0.589	 0.247	 0.931	 3.58	 42.4%
	 (0.509-0.669)	 (0.188-0.318)	 (0.836-0.973)	 (1.34-9.56)
Fibrotic tenosynovitis	 0.561	 0.139	 0.983	 8.04	 35.7%
	 (0.480-0.650)	 (0.094-0.199)	 (0.909-0.997)	 (1.11-58.2)
US-SSc Pattern 	  0.641	 0.440	 0.845	 2.83	 67.9%
	 (0.563-0.695)	  (0.367-0.516)	  (0.731-0.916)	  (1.52-5.29)	

aAgreement: positive predictive value + negative predictive value/total;  bUS-SSc pattern: UAO and/or 
fibrotic TS; AUC: area under the curves; Se: sensitivity; Sp: specificity; LR+: positive likelihood ratio; 
UAO: ulnar artery occlusion. 

A. ROC curves

B. Diagnostic performances.

Fig. 1. Diagnostic performances of US or Doppler parameters for the diagnosis of SSc.
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from 2013 ACR/EULAR classifica-
tion criteria, with a diagnostic of SSc 
for a total score ≥9, had an AUC of 
0.979 (0.962–0.996) with a sensitivity 
of 0.940 (0.893–0.967), a specificity of 
0.931 (0.836–0.973) and a LR+ of 13.6 
(5.29–35.1) (Fig. 2A-B). 
When the item “capillaroscopy” was 
suppressed, the diagnostic value of this 
new composite score was unchanged 
with an AUC of 0.979 (0.962–0.996) 
and it was higher than the score of the 
original items from the 2013 ACR/EU-
LAR classification without the item 
capillaroscopy (AUC=0.972 (0.952–
0.992)) (Fig. 2A and B). 

Discussion
This study evaluates the relevance of 
including US parameters in a combined 
diagnostic approach for SSc. These US 
parameters were therefore included 
in a proof-of-concept scoring system 
including US parameters and items 
derived from the 2013 ACR/EULAR 
classification criteria. It is important 
to highlight that the strategy proposed 
here was only designed for diagnostic 
purposes and not for classification pur-
poses. By no means, this study attempt-
ed to improve classification value of 
the current EULAR/ACR 2013 classi-
fication criteria, as this was not the ob-
jective of this study and as the method 
proposed was not adapted for such an 
aim (25). The diagnostic performances 
of the proposed US-modified scoring 
system were similar to the items of the 
2013 ACR/EULAR classification cri-
teria when diagnostic of SSc was con-
sidered for a total score ≥9. This could 
lead to the conclusion that US param-
eters do not bring much to the items de-
rived from the classification criteria as 
currently proposed and from a certain 
viewpoint this could lead to consider 
this study as a negative study. However, 
supressing some items such as capilla-
roscopy had no negative impact on the 
diagnostic performances of this pro-
posed scoring system, suggesting that 
these US parameters add similar infor-
mation for the diagnosis of SSc. This 
validates the relevance of US evalua-
tion in a combined diagnostic approach, 
in a population of SSc patients that are 
not restricted to early or very early SSc. 

This might be all the more relevant as 
US evaluation also provide informa-
tion on specific hand manifestations, 
such as macrovascular involvement and 
tenosynovial involvement which both a 
have prognostic value (6, 7, 13, 26). We 
have kept a diagnosis threshold of 9 for 
the ACR/EULAR 2013 whereas US pa-
rameters were included in the new di-
agnostic strategy (3). This may have led 
to dampen the impact of US parameters 
on the diagnostic performances of the 
ACR/EULAR 2013 classification crite-
ria. One could argue that we could have 
proposed a higher threshold, since new 

items are included. In this case this may 
have led to change the diagnostic per-
formances of the ACR/EULAR 2013, 
and we can suspect that the presence 
of US findings would have improved 
the diagnostic value of the classifica-
tion. But this would require a dedicated 
study, that goes beyond the scope of 
our work. With a respective specificity 
of 0.86 and 0.98, both UAO and fibrotic 
TS were specific for the diagnosis of 
SSc in this population of patients with 
suspected SSc. Their sensitivity was 
less convincing (0.375 for UAO and 
0.139 for fibrotic TS), reflecting the 

A. ROC curves 

B. Diagnostic performances
 
	 AUC	 Se	 Sp 	 LR+
	 (95%CI)	 (95%CI)	 (95%CI)	 (95%CI)	 Agreementa

ACR/EULAR 2013	 0.982	 0.946	 0.931 	 13.7	 94.2%
   classification	  (0.969-0.996)	  (0.900-0.971)	  (0.836-0.973)	
ACR/EULAR 2013b 	 0.972	 -	 -	 -	 -
   (without capillaroscopy) 	  (0.952-0.992)	
US-modified ACR/	 0.979	 0.940	 0.931	 13.6	 93.8%
   EULAR 2013 	  (0.962-0.996)	  (0.893-0.967)	  (0.836-0.973)	
US-modified ACR/EULAR	 0.979	 0.940	 0.931	 13.6	 93.8%
 (without capillaroscopy)	  (0.962-0.996)	  (0.893-0.967)	  (0.836-0.973)	
US-modified ACR/EULAR	 0.962	 0.855	 0.931	 12.4	 87.5%
 (without PAH/ILD)	  (0.936-0.987)	  (0.794-0.901)	  (0.836-0.973)	
US-modified ACR/EULAR	 0.962	 0.898	 0.897	 8.7	 89.7%
 (without capillaro & PAH/ILD)	 (0.938-0.986)	  (0.842-0.935)	 (0.792-0.952)	   

aAgreement: positive predictive value + negative predictive value/total.
bConsidering that there is no validated cut-off value for the original ACR/EULAR classification with-
out capillaroscopy, only AUC were evaluated with no calculation Se, Sp, LR+ or agreement.
AUC: area under the curves; Se: sensitivity; Sp: specificity; LR+: positive likelihood ratio.

Fig. 2. Diagnostic performances of a scoring strategy including US parameters and items from the 
2013 EULAR/ACR classification criteria for the diagnosis of SSc using a total score ≥9 for the diag-
nosis of SSc and the experts’ diagnosis as reference standard.



S-145Clinical and Experimental Rheumatology 2020

US and SSc / M. de Saint Riquier et al.

clinical heterogeneity of SSc with a vast 
range of clinical and hand US manifes-
tations, similarly to visceral manifesta-
tions such as PAH and ILD (2).
US evaluation has a much higher sen-
sitivity than clinical non-US assisted 
Allen-test (27, 28) to detect UAO, and 
the relevance of US evaluation is all the 
more supported by the high prevalence 
of UAO in SSc, referring to previous 
studies from other groups (7, 8, 17) 
and in accordance with our results. Al-
though UAO appears to be rather spe-
cific, some patients with UAO were not 
finally diagnosed as SSc by the experts 
in our study. UAO also exists in the 
general population, with a prevalence 
ranging from 9.6% in men to 1% in 
women (29). This prevalence increas-
es with age. The prevalence of UAO 
in our population of non-SSc patients 
(13.8%) was therefore slightly above 
its prevalence in the general popula-
tion. This result could be explained by 
the selected population, as this was a 
population of patients with suspected-
SSc, according to their routine practi-
tioner. This inclusion of only suspect-
ed-SSc patients could be considered as 
a limit of our work, however it reflects 
the real-life situation and daily prac-
tice of a rheumatology department and 
highlights the pragmatic approach used 
in this study. This population is also 
in accordance with previous popula-
tions selected for the development of 
classification criteria for SSc (3, 15). 
Consequently, although still not consid-
ered as established SSc patients by our 
reference standard, 12 (20.7%) of the 
58 non-SSc patients fulfilled the inclu-
sion criteria for the very early diagno-
sis of SSc (VEDOSS; data not shown) 
(30). Patients in the non-SSc group had 
lower duration of Raynaud’s phenom-
enon, we therefore cannot exclude that 
some of these patients could developed 
authentic SSc in the future. The predic-
tive value of UAO for the onset of es-
tablished SSc is still to be evaluated in 
longitudinal studies. 
We did not include a group of “healthy 
controls” and we only included pa-
tients with suspected SSc. We therefore 
think our results reflect the diagnos-
tic performances of US parameters in 
real-life conditions. Including patients 

considered as “healthy controls” i.e. 
patients with no scleroderma-associ-
ated parameters, would have limited 
the external value and relevance of our 
results. Thus, the inclusion of patients 
addressed to the Rheumatology or In-
ternal Medicine departments for sus-
pected SSc by their routine practitioner 
(general practitioner, first-line rheuma-
tologist, internal medicine specialist or 
dermatologist) could be considered as a 
limitation, especially considering that 
there were no specific predefined inclu-
sion criteria. Nonetheless, we believe 
that this inclusion strategy precisely en-
sures that our results reflect routine care 
and can assess the diagnostic value of 
US for common practice. Interestingly 
one non-SSc patient had US fibrotic 
TS. This patient was a woman with a 
final diagnosis of generalised morphea. 
This description of “fibrous arthropa-
thy” has indeed also been previously 
noticed in paediatric Morphea (31) but, 
to our knowledge, not in adults with 
Morphea. The precise definition and 
characteristics of fibrotic TS according 
to the OMERACT (Outcome Measures 
in Rheumatology) filter also still need 
to be validated as it may appear exam-
iner-dependent. Nonetheless, previous 
studies have compared US evaluations 
with MRI for the assessment of fibrotic 
tenosynovitis in SSc, demonstrating the 
reliability of US evaluation, since all 
tenosynovitis detected by US assess-
ment in this study were also detected 
and confirmed by MRI (32). 
Hand US evaluation offers the opportu-
nity of simultaneously assessing vascu-
lar, inflammatory and fibrotic manifes-
tations of SSc (12, 33). In our work, the 
prevalence of abnormal US parameters 
(UAO and/or fibrotic TS) was high, 
since almost half of SSc-patients had 
a US-SSc-pattern (44.0%). We did not 
include inflammatory manifestations of 
SSc in this study due to the wide range 
of aetiologies of Doppler positive syno-
vitis and TS in SSc (authentic inflam-
matory manifestation of the disease, 
unspecific osteo-arthritis-associated 
synovitis, calcinosis-related synovi-
tis, calcium pyrophosphate-associated 
synovitis). This could be considered 
as a limit of our work and further stud-
ies are warranted to clarify this issue. 

Another limitation is that the sonogra-
pher could not be totally blinded from 
all clinical features of SSc and some of 
them are quite characteristic (e.g. cuta-
neous thickening of both hands extend-
ing proximally to metacarpophalangeal 
joints) and they could not be easily hid-
den to the sonographer. This could have 
influenced the results of US evaluation. 
Nonetheless, this reflects real-life con-
ditions and the sonographer was not in-
volved in any way in the final diagnosis 
of SSc, as the final diagnostic relied on 
an independent board of experts, blind-
ed from the results of US evaluation. 
Recent studies have also highlighted the 
relevance of ultra-high-frequency US 
evaluation (50Mhz) for the assessment 
of hand skin involvement in patients 
with SSc (34). We can hypothesis that 
including skin evaluation in the global 
US assessment of the hand in SSc may 
also improve the diagnostic value of US 
but this hypothesis may deserve further 
investigations (35, 36). 
In our study, the combination of the 
items from the 2013 ACR/EULAR 
classification criteria had excellent di-
agnostic performances, when the diag-
nostic of SSc was considered for a total 
score ≥9. This result has already been 
described previously (5). Adding US 
parameters to the items of the classifica-
tion had no positive or negative impact 
on these diagnostic performances (Fig. 
2A. and B). This could be considered 
as a disappointing result, nonetheless, 
considering the excellent performances 
of this combination of items from the 
existing classification, this result was 
expected. Changing the weighing of the 
US items had limited impact on the di-
agnostic performances of the proposed 
diagnostic approach (data not shown). 
In our study the weighing of US pa-
rameters was derived using data driven 
methods based on the LR+, whereas 
weighing of items from the 2013 EU-
LAR/ACR classification were derived 
using multicriteria decision analysis 
(25). This is a limitation of our study. 
Nonetheless, this methods is adapted 
for an exploratory study. We thus ac-
knowledge that these results need to be 
validated in other cohorts to externally 
confirm the relevance of the proposed 
weights for US parameters.
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Interestingly, suppressing capillaros-
copy resulted in unchanged diagnostic 
performances, suggesting that US eval-
uation, with a simultaneous assessment 
of TS involvement and macrovascular 
features, could possibly constitute an 
interesting complement to capillaro-
scopic evaluation. Two future steps 
are required to clarify this issue: first, 
our results need to be confirmed on a 
validation sample as this study is the 
first study approaching global hand US 
assessment in a combined diagnostic 
strategy for SSc. Second, capillaros-
copy is a cornerstone for the early di-
agnosis of SSc. On the contrary, some 
US features such as UAO may occur 
more lately in the course of the disease 
(10). Thus, we do not suggest that US 
could replace capillaroscopy, especially 
for early diagnosis (37-39). A dedicated 
study evaluating the diagnostic value of 
US in a VEDOSS population is manda-
tory to answer this question. Nonethe-
less, in offering this unique opportunity 
of a combined evaluation of vascular, 
joint and tenosynovial fibrotic mani-
festations of the disease, US evaluation 
shows a multi-functionality that capil-
laroscopy does not. US evaluation may 
also have a better sensitivity to change 
than capillaroscopy. This may be specif-
ically important considering the emer-
gence of composite indices for clinical 
trials including SSc patients (9, 40, 41). 
Among hand vascular manifestations, 
our US protocol only evaluated mac-
rovascular involvement through the as-
sessment of UAO. Other US protocols 
have recently proposed more detailed 
vascular evaluations including the as-
sessment of finger pulp blood flow and/
or obliteration of digital arteries (6, 9, 
17, 41, 42). Their diagnostic perfor-
mances still need to be evaluated in a 
population of suspected-SSc patients, 
as well as their prognostic value (43).
In conclusion, US evaluation is non-
radiant, non-invasive, more and more 
accessible and use in daily practice. 
Although education and expertise in is 
needed to master this evaluation tool, 
US of the hand evaluation should not be 
neglected in SSc. A global and shared 
reflection is needed to include this de-
vice in the diagnostic and management 
strategy of SSc in the future (44), as 

some US features appear specific to this 
connective tissue disease.

Acknowledgements
The authors would like to thank all 
patients involved in this study and the 
medical and paramedical staff from the 
Internal Medicine & Clinical Immu-
nology, Dermatology and Rheumatol-
ogy Departments of Rennes University 
Hospital, France.

Affiliations
1Department of Rheumatology, CHU 
Rennes, Université de Rennes; 2Depart-
ment of Internal Medicine and Clinical 
Immunology, CHU Rennes, Univer-
sité de Rennes; 3Université de Rennes, 
CHU Rennes, Inserm, EHESP, IRSET 
(Institut de Recherche en Santé, Envi-
ronnement et Travail) – UMR_S 1085, 
Rennes; 4Inserm U 1241, Université de 
Rennes; 5Université de Rennes; CHU 
Rennes, Department of Dermatology; 
INSERM, CIC 1414, Rennes; REP-
ERES Pharmacoepidemiology and ac-
cess to Health Care, University Rennes 
1 and French School of Public Health, 
UPRES EA 7449, Rennes; 6Univer-
sité de Lille, U995, Lille Inflammation 
Research International Centre, Lille; 
7CHU Lille, Département de Médecine 
Interne et Immunologie Clinique, Lille; 
8Inserm, Lille; 9Centre National de Ré-
férence Maladies Systémiques et Auto-
Immunes Rares du Nord et Nord-Ouest 
de France, Lille, France.

References
  1.	DENTON CP, KHANNA D: Systemic sclerosis. 

Lancet 2017; 390: 1685-99.
  2.	SOBANSKI V, GIOVANNELLI J, ALLANORE Y 

et al.: Phenotypes determined by cluster anal-
ysis and their survival in the prospective EU-
STAR cohort of patients with systemic scle-
rosis. Arthritis Rheumatol 2019; 71: 1553-70.

  3.	van den HOOGEN F, KHANNA D, FRANSEN 
J et al.: 2013 Classification Criteria for Sys-
temic Sclerosis: An American College of 
Rheumatology/European League Against 
Rheumatism Collaborative Initiative: ACR/
EULAR Classification Criteria for SSc. Ar-
thritis Rheum 2013; 65: 2737-47.

  4.	AGGARWAL R, RINGOLD S, KHANNA D et al.: 
Distinctions between diagnostic and classifi-
cation criteria? Arthritis Care Res 2015; 67: 
891-7.

  5.	JORDAN S, MAURER B, TONIOLO M et al.: 
Performance of the new ACR/EULAR clas-
sification criteria for systemic sclerosis in 
clinical practice. Rheumatology (Oxford) 
2015; 54: 1454-8.

  6.	LESCOAT A, COIFFIER G, ROUIL A et al.: 
Vascular evaluation of the hand by power 
Doppler ultrasonography and new predictive 
markers of ischemic digital ulcers in sys-
temic sclerosis: results of a prospective pilot 
study. Arthritis Care Res (Hoboken) 2017; 
69: 543-51.

  7.	FRERIX M, STEGBAUER J, DRAGUN D et al.: 
Ulnar artery occlusion is predictive of digi-
tal ulcers in SSc: a duplex sonography study. 
Rheumatology (Oxford) 2012; 51: 735-42.

  8.	LÜDERS S, FRIEDRICH S, OHRNDORF S et 
al.: Detection of severe digital vasculopa-
thy in systemic sclerosis by colour Doppler 
sonography is associated with digital ulcers. 
Rheumatology (Oxford) 2017; 56: 1865-73.

  9.	SCHIOPPO T, ORENTI A, BORACCHI P et al.: 
Acute and chronic effects of two different 
intravenous iloprost regimens in systemic 
sclerosis: a pragmatic non-randomized trial. 
Rheumatology (Oxford) 2018; 57: 1408-16.

10.	LESCOAT A, YELNIK CM, COIFFIER G et al.: 
Ulnar artery occlusion and severity mark-
ers of vasculopathy in systemic sclerosis: a   
multicenter cross-sectional study. Arthritis 
Rheumatol 2019; 71: 983-90.

11.	LESCOAT A, BALLERIE A, BELHOMME N et 
al.: Synovial involvement assessed by power 
Doppler ultra-sonography in systemic sclero-
sis: results of a cross-sectional study. Rheu-
matology (Oxford) 2018; 57: 2012-21. 

12.	LESCOAT A, JÉGO P, COIFFIER G et al.:        
Imaging in Systemic Sclerosis: Make “US” 
Great Again? Comment on the Article by 
Santiago et al. Arthritis Care Res (Hoboken) 
2019; 71: 694-5.

13.	FRIEDRICH S, LÜDERS S, GLIMM AM et al.: 
Association between baseline clinical and 
imaging findings and the development of 
digital ulcers in patients with systemic scle-
rosis. Arthritis Res Ther 2019; 21: 96.

14.	FREIRE V, BAZELI R, ELHAI M et al.: Hand 
and wrist involvement in systemic sclerosis: 
US features. Radiology 2013; 269: 824-30.

15.	CUOMO G, ZAPPIA M, IUDICI M, ABIGNANO 
G, ROTONDO A, VALENTINI G: The origin of 
tendon friction rubs in patients with systemic 
sclerosis: a sonographic explanation. Arthri-
tis Rheum 2012; 64: 1291-3.

16.	ELHAI M, GUERINI H, BAZELI R et al.: Ultra-
sonographic hand features in systemic scle-
rosis and correlates with clinical, biologic, 
and radiographic findings. Arthritis Care Res 
(Hoboken) 2012; 64: 1244-9.

17.	FAIRCHILD R, CHUNG M, SHARPLESS L, LI S, 
CHUNG L: Ultrasound detection of calcinosis 
and association with ulnar artery occlusion 
in patients with systemic sclerosis. Arthritis 
Care Res (Hoboken) 2020 May 31 [Online 
ahead of print].

18.	KOWAL-BIELECKA O, FRANSEN J, AVOUAC 
J et al.: Update of EULAR recommendations 
for the treatment of systemic sclerosis. Ann 
Rheum Dis 2017; 76: 1327-39.

19.	MASI AT, RODNAN GP, MEDSGER TA et al.: 
Preliminary criteria for the classification of 
systemic sclerosis (scleroderma). Arthritis 
Rheum 1980; 23: 581-90.

20.	LEROY EC, BLACK C, FLEISCHMAJER R et 
al.: Scleroderma (systemic sclerosis): classi-
fication, subsets and pathogenesis. J Rheuma-
tol 1988; 15: 202‑5.



S-147Clinical and Experimental Rheumatology 2020

US and SSc / M. de Saint Riquier et al.

21.	LEROY EC, MEDSGER TA: Criteria for the 
classification of early systemic sclerosis.        
J Rheumatol 2001; 28: 1573‑6.

22.	COHEN JF, KOREVAAR DA, ALTMAN DG et 
al.: STARD 2015 guidelines for reporting 
diagnostic accuracy studies: explanation and 
elaboration. BMJ Open 2016; 6: e012799.

23.	CORNEC D, JOUSSE-JOULIN S, PERS JO et al.: 
Contribution of salivary gland ultrasonogra-
phy to the diagnosis of Sjögren’s syndrome: 
toward new diagnostic criteria? Arthritis 
Rheum 2013; 65: 216-25.

24.	KHANNA D, BERROCAL VJ, GIANNINI EH 
et al.: The American College of Rheumatol-
ogy Provisional Composite Response Index 
for Clinical Trials in Early Diffuse Cutane-
ous Systemic Sclerosis. Arthritis Rheumatol 
2016; 68: 299-311.

25.	JOHNSON SR, NADEN RP, FRANSEN J et al.: 
Multicriteria decision analysis methods with 
1000Minds for developing systemic sclerosis 
classification criteria. J Clin Epidemiol 2014; 
67: 706-14.

26.	AVOUAC J, WALKER UA, HACHULLA E et al.: 
Joint and tendon involvement predict disease 
progression in systemic sclerosis: a EUSTAR 
prospective study. Ann Rheum Dis 2016; 75: 
103-9.

27.	RUENGSAKULRACH P, BROOKS M, HARE DL 
et al.: Preoperative assessment of hand circu-
lation by means of Doppler ultrasonography 
and the modified Allen test. J Thorac Cardio-
vasc Surg 2001; 121: 526-31.

28.	KOHONEN M, TEERENHOVI O, TERHO T et 
al.: Is the Allen test reliable enough? Eur J 
Cardiothorac Surg 2007; 32: 902-5.

29.	CARPENTIER PH, BIRO C, JIGUET M et al.: 
Prevalence, risk factors, and clinical corre-
lates of ulnar artery occlusion in the general 

population. J Vasc Surg 2009; 50: 1333‑9.
30.	AVOUAC J, FRANSEN J, WALKER UA et al.: 

Preliminary criteria for the very early diagno-
sis of systemic sclerosis: results of a Delphi 
Consensus Study from EULAR Scleroderma 
Trials and Research Group. Ann Rheum Dis 
2011; 70: 476-81.

31.	MERLIN E, BRETON S, FRAITAG S et al.:      
Fibrous arthropathy associated with morphea: 
a new cause of diffuse acquired joint contrac-
tures. Pediatrics 2017 Oct; 140 (4).

32.	STOENOIU MS, HOUSSIAU FA, LECOUVET 
FE: Tendon friction rubs in systemic sclero-
sis: a possible explanation--an ultrasound and 
magnetic resonance imaging study. Rheuma-
tology (Oxford) 2013; 52: 529-33.

33.	RUARO B, SAKELLARIOU G, CUTOLO M et 
al.: Well-trained sonographers are worth their 
weight in gold: ultrasound in systemic sclero-
sis. Rheumatology (Oxford) 2018; 57: 1883-
4.

34.	NAREDO E, PASCAU J, DAMJANOV N et al.: 
Performance of ultra-high-frequency ultra-
sound in the evaluation of skin involvement 
in systemic sclerosis: a preliminary report. 
Rheumatology (Oxford) 2020; 59: 1671-8.

35.	ZHANG X, ZHOU B, OSBORN T: Ultrasound 
Surface Wave Elastography for Assessing 
Scleroderma. Ultrasound Med Biol 2020; 46: 
1263-9.

36.	FRONTIN JB, ANTHONY BW: Quantifying 
Dermatology: Method and device for user-
independent ultrasound measurement of skin 
thickness. Conf Proc IEEE Eng Med Biol Soc 
2019; 2019: 5743-8.

37.	CUTOLO M, RUARO B, SMITH V: Macro-   
circulation versus microcirculation and 
digital ulcers in systemic sclerosis patients. 
Rheumatology (Oxford) 2017; 56: 1834-6.

38.	SMITH V, HERRICK AL, INGEGNOLI F et al.: 
Standardisation of nailfold capillaroscopy 
for the assessment of patients with Raynaud’s 
phenomenon and systemic sclerosis. Autoim-
mun Rev 2020; 19: 102458.

39.	ZANATTA E, FAMOSO G, BOSCAIN F et al.: 
Nailfold avascular score and coronary micro-
vascular dysfunction in systemic sclerosis: 
A newsworthy association. Autoimmun Rev 
2019; 18: 177-83.

40.	KHANNA D, BERROCAL VJ, GIANNINI EH 
et al.: The American College of Rheumatol-
ogy Provisional Composite Response Index 
for Clinical Trials in Early Diffuse Cutane-
ous Systemic Sclerosis. Arthritis Rheumatol 
2016; 68: 299-311.

41.	SCHIOPPO T, ORENTI A, BORACCHI P et al.: 
Evidence of macro- and micro-angiopathy in 
scleroderma: An integrated approach com-
bining 22-MHz power Doppler ultrasonogra-
phy and video-capillaroscopy. Microvasc Res 
2019; 122:125-30.

42.	SCIASCIA S, CECCHI I, MASSARA C et al.: 
Thermography in systemic sclerosis patients 
and other rheumatic diseases: Diagnosis, dis-
ease activity assessment, and therapeutic mon-
itoring. Autoimmun Rev 2020; 19: 102449.

43.	PANOPOULOS S, BOURNIA VK, KONSTAN-
TONIS G, FRAGIADAKI K, SFIKAKIS PP, TEK-
TONIDOU MG: Predictors of morbidity and 
mortality in early systemic sclerosis: Long-
term follow-up data from a single-centre 
inception cohort. Autoimmun Rev 2018; 17: 
816-20.

44.	SMEETS RL, KERSTEN BE, JOOSTEN I et al.: 
Diagnostic profiles for precision medicine in 
systemic sclerosis; stepping forward from 
single biomarkers towards pathophysiologi-
cal panels. Autoimmun Rev 2020; 19: 102515.


