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1. Table S1a - Key question and PICO.
	What are the procedures/methods of skin ultrasound and elastography in systemic sclerosis, for image acquisition, analysis, and interpretation?

	population
	adults (≥ 18 years) with systemic sclerosis (SSc, scleroderma) satisfying current SSc criteria (ACR 1980 or Le Roy criteria or EULAR/ACR 2013).*
exclusion criteria: patients with overlap syndromes; patients with other concomitant inflammatory rheumatic diseases; patients with localized scleroderma or other SSc-like disorders (eg, nephrogenic sclerosing fibrosis, generalized morphea, eosinophilic fasciitis, scleredema diabeticorum, scleromyxedema, porphyria, lichen sclerosis, graft-versus-host disease, or diabetic cheiroarthropathy

	intervention
	ultrasound, elastography

	comparator 
	any comparator (such as, other imaging technique (ultrasound, elastography, capillaroscopy, OCT, skin clinical assessment, serum assessment, histopathology, patient report outcomes) or None

	outcome 
	ultrasound parameters (eg, skin/ epidermis/ dermal/ hypodermis/ subcutis thickness, shear-wave velocity values, elasticity, vascularity, echogenicity), disease activity, prognosis, treatment response, diagnosis, OMERACT filter* (face validity, content validity, criterion validity, construct validity, reliability, sensitivity to change, feasibility, discrimination)


References:

*Subcommittee for Scleroderma Criteria of the American Rheumatism Association Diagnostic and Therapeutic Criteria Committee. Preliminary criteria for the classification of systemic sclerosis (scleroderma). Arthritis Rheum 1980;23:581–90; LeRoy EC, Medsger TA Jr. Criteria for the classification of early systemic sclerosis. J Rheumatol 2001;28:1573–6; van den Hoogen F, Khanna D, Fransen J, et al. 2013 classification criteria for systemic sclerosis: an American college of rheumatology/European league against rheumatism collaborative initiative. Ann Rheum Dis. 2013 Nov;72(11):1747-55. 

**Beaton DE, Instrument Selection Using the OMERACT Filter 2.1: The OMERACT Methodology. J Rheumatol 2019; 46:1028-35.

Table S1b - Key words for the search in PUBMED, Cochrane Library Databases and EMBASE.
Search in PUBMED until 21 Feb 2021, 15:45.
	Search
	Query
	Results

	#1
	(systemic sclerosis[Title/Abstract]) OR (scleroderma, systemic[MeSH Terms])
	25,009

	#2
	((imaging* adj1 (medical*[Title/Abstract] OR diagnostic*)) OR ((ultrason*[Title/Abstract] OR ultrasound*) OR ((elasticit*[Title/Abstract] OR elastogr*[Title/Abstract] OR sonoelastogr*) OR (diagnostic imaging[MeSH Terms])) OR (elasticity[MeSH Terms])) OR (ultrasonography[MeSH Terms])) OR (elasticity imaging techniques[MeSH Terms])
	2,924,801

	#3
	(thick*[Title/Abstract] OR stiff*[Title/Abstract] OR vascular*[Title/Abstract] OR echogenicit*) OR face validity[Title/Abstract] OR content validity[Title/Abstract] OR criterion validity[Title/Abstract] OR construct validity[Title/Abstract] OR reliability[Title/Abstract] OR sensitivity to change[Title/Abstract] OR feasibility[Title/Abstract] OR discrimination OR (Reproducibility of Results[MeSH Terms])
	2,018,622



	#4
	(((systemic sclerosis[Title/Abstract]) OR (scleroderma, systemic[MeSH Terms])) AND (((imaging* adj1 (medical*[Title/Abstract] OR diagnostic*)) OR ((ultrason*[Title/Abstract] OR ultrasound*) OR ((elasticit*[Title/Abstract] OR elastogr*[Title/Abstract] OR sonoelastogr*) OR (diagnostic imaging[MeSH Terms])) OR (elasticity[MeSH Terms])) OR (ultrasonography[MeSH Terms])) OR (elasticity imaging techniques[MeSH Terms]))) AND ((thick*[Title/Abstract] OR stiff*[Title/Abstract] OR vascular*[Title/Abstract] OR echogenicit*) OR face validity[Title/Abstract] OR content validity[Title/Abstract] OR criterion validity[Title/Abstract] OR construct validity[Title/Abstract] OR reliability[Title/Abstract] OR sensitivity to change[Title/Abstract] OR feasibility[Title/Abstract] OR discrimination OR (Reproducibility of Results[MeSH Terms]))
	956

	#5
	(((systemic sclerosis[Title/Abstract]) OR (scleroderma, systemic[MeSH Terms])) AND (((imaging* adj1 (medical*[Title/Abstract] OR diagnostic*)) OR ((ultrason*[Title/Abstract] OR ultrasound*) OR ((elasticit*[Title/Abstract] OR elastogr*[Title/Abstract] OR sonoelastogr*) OR (diagnostic imaging[MeSH Terms])) OR (elasticity[MeSH Terms])) OR (ultrasonography[MeSH Terms])) OR (elasticity imaging techniques[MeSH Terms]))) AND ((thick*[Title/Abstract] OR stiff*[Title/Abstract] OR vascular*[Title/Abstract] OR echogenicit*) OR face validity[Title/Abstract] OR content validity[Title/Abstract] OR criterion validity[Title/Abstract] OR construct validity[Title/Abstract] OR reliability[Title/Abstract] OR sensitivity to change[Title/Abstract] OR feasibility[Title/Abstract] OR discrimination OR (Reproducibility of Results[MeSH Terms])) Filters: from 1979/1/1 - 2021/2/21
	924


Search in Cochrane Central until 21 Feb 2021, 15:30

	Search
	Query
	Results

	#1
	(systemic sclerosis):ti,ab,kw
	3,377

	#2
	MeSH descriptor: [Scleroderma, Systemic] explode all trees
	565

	#3
	(imaging*):ti,ab,kw
	68,558

	#4
	(medical*):ti,ab,kw
	139,381

	#5
	(diagnostic*):ti,ab,kw
	69,296

	#6
	(ultrason*):ti,ab,kw
	19,882

	#7
	(ultrasound*):ti,ab,kw
	30,710

	#8
	(elasticit*):ti,ab,kw
	1,880

	#9
	(elastogr*):ti,ab,kw
	666

	#10
	(sonoelastogr*):ti,ab,kw
	35

	#11
	MeSH descriptor: [Diagnostic Imaging] explode all trees
	47,673

	#12
	MeSH descriptor: [Elasticity] explode all trees
	870

	#13
	MeSH descriptor: [Ultrasonography] explode all trees
	13,739

	#14
	MeSH descriptor: [Elasticity Imaging Techniques] explode all trees
	127

	#15
	(thick*):ti,ab,kw
	22,422

	#16
	(stiff*):ti,ab,kw
	10,149

	#17
	vascular*:ti,ab,kw
	54,826

	#18
	(echogenicit*):ti,ab,kw
	225

	#19
	(face validity):ti,ab,kw
	615

	#20
	(content validity):ti,ab,kw
	834

	#21
	(criterion validity):ti,ab,kw
	2,238

	#22
	(construct validity):ti,ab,kw
	1,284

	#23
	(reliability):ti,ab,kw
	10,688

	#24
	(sensitivity to change):ti,ab,kw
	8,444

	#25
	(feasibility):ti,ab,kw
	37,687

	#26
	(discrimination):ti,ab,kw
	5,131

	#27
	MeSH descriptor: [Reproducibility of Results] explode all trees

	10,812

	#28
	(#1 OR #2) AND ((#3 OR #4 OR #5) OR (#6 OR #7) OR (#8 OR #9 OR #10) OR #11 OR #12 OR #13 OR #14) AND (#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27)
	223

	#29
	(#1 OR #2) AND ((#3 OR #4 OR #5) OR (#6 OR #7) OR (#8 OR #9 OR #10) OR #11 OR #12 OR #13 OR #14) AND (#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27) with Publication Year from 1979 to present, in Trials
	213


Search in EMBASE until 21 Feb 2021, 18:46

	Search
	Query
	Results

	#1
	('systemic sclerosis':ab,ti OR 'systemic sclerosis'/exp) AND ('imaging*':ab,ti OR 'medical*':ab,ti OR 'diagnostic*':ab,ti OR 'ultrason*':ab,ti OR 'ultrasound*':ab,ti OR 'elasticit*':ab,ti OR 'elastogr*':ab,ti OR 'sonoelastogr*':ab,ti OR 'diagnostic imaging'/exp OR 'echography'/exp) AND ('thick*':ab,ti OR 'stiff*':ab,ti OR 'vascular*':ab,ti OR 'echogenicit*':ab,ti OR 'face validity':ab,ti OR 'content validity':ab,ti OR 'criterion validity':ab,ti OR 'construct validity':ab,ti OR 'reliability':ab,ti OR 'sensitivity to change':ab,ti OR 'feasibility':ab,ti OR 'discrimination':ab,ti OR 'elasticity'/exp OR 'reproducibility'/exp)
	2,136

	#2
	('systemic sclerosis':ab,ti OR 'systemic sclerosis'/exp) AND ('imaging*':ab,ti OR 'medical*':ab,ti OR 'diagnostic*':ab,ti OR 'ultrason*':ab,ti OR 'ultrasound*':ab,ti OR 'elasticit*':ab,ti OR 'elastogr*':ab,ti OR 'sonoelastogr*':ab,ti OR 'diagnostic imaging'/exp OR 'echography'/exp) AND ('thick*':ab,ti OR 'stiff*':ab,ti OR 'vascular*':ab,ti OR 'echogenicit*':ab,ti OR 'face validity':ab,ti OR 'content validity':ab,ti OR 'criterion validity':ab,ti OR 'construct validity':ab,ti OR 'reliability':ab,ti OR 'sensitivity to change':ab,ti OR 'feasibility':ab,ti OR 'discrimination':ab,ti OR 'elasticity'/exp OR 'reproducibility'/exp) AND [1979-2021]/py
	2,111


Table S2: Evaluation of the methodological quality per measurement property per study. 

	TRUTH
	Do the numeric scores make sense? 

Measurement property:  Construct (hypothesis testing) validity

Was a clear description given of the construct measured by the comparator instrument?   

Were the measurement properties of the comparator instrument(s) described and at least adequate?   

Were design and statistical methods adequate for the hypotheses to be tested?  

Otherwise good methods?  (Free of any other important flaws).

	
	Question:  Do the numeric scores make sense? 

Measurement property:  Inter-method reliability (e.g. inter-rater, inter-machine)

Were the measurements conducted independently? 

Did the design of the study hold all other factors constant except for the source of variability being examined?

Were the test conditions similar for the measurements? (e.g., type of administration, environment, instructions) 

Was the correct statistic used?  

Otherwise good methods?  (Free of any other important flaws)

	DISCRIMINATION
	Question:  Can it discriminate between situations of interest?  

Measurement property:  Test-retest reliability

Were the patients stable in the interim time period?  
Was the time interval appropriate?   

Were the test conditions similar for the measurements? (e.g., type of administration, environment, instructions) 

Was the correct statistic used?  

Otherwise good methods?  (Free of any other important flaws).

	
	Question:  Can it discriminate between situations of interest?   

Measurement property:  Responsiveness (Longitudinal Construct validity)

Can the criterion for change be considered an adequate gold standard OR is the construct for change clear (either as a situation of change or an actual indicator of change)?   

Were the measurement properties of the comparator standard described and at least adequate?   (N/A for “gold standards). 

Were the statistical methods appropriate for the testing situations?  

Otherwise good methods?  (Free of any other important flaws).

	
	Question:  Can it discriminate between situations of interest?  

Measurement property:  Clinical trial discrimination

Was the time interval between testing stated and appropriate?  
Were there a proportion of people expected to change in one or both groups? (Improvement or deterioration)?  

Were hypotheses formulated regarding the anticipated mean differences in change scores between subgroups a priori?   

Were the statistical methods adequate for the hypotheses tested (relative efficiencies, pooled treatment effect sizes, standardized mean differences)? 

Otherwise good methods?  (Free of any other important flaws)

	
	Question:  Can it discriminate between situations of interest?   

Measurement property:  Thresholds of meaning 

Was the patient group similar to your target population (level of disease severity, demographics)? 

Is the anchor easily understandable? 

Is the anchor clearly related to the target domain of interest (i.e. good correlation between anchor and instrument)? 

Was the cut-off on the anchor used to MID justified to be a small but important difference/important state? 

Did the same respondent respond to instrument and anchor? 

Was analysis done separately for improvement and deterioration OR only in same direction anticipated in the target application? . 

Were multiple criteria and/or analyses used and results triangulated? 

Did the analysis include either a Youden index threshold from ROC, or another cut off on an ROC approach? Or if a threshold type of approach (25% or 75%) was used, was it tested for diagnostic utility (sensitivity and specificity)? 

Otherwise, good methods? (Free of any other important flaws).


Each question is rated as: “Yes, good methods used” and “No, not achieved”. Considering the information available, would you recommend this study as evidence to be considered for this measurement property?   Yes, likely low risk of bias (green); Some cautions, but this will be used as evidence (amber); No, don't use this evidence (red).
Quality assessment was rated using a colour code: ‘Green’ if good methods were used, ‘Amber’ if there were some methodological concerns but the data were acceptable for inclusion, and ‘Red’ if there was a high risk of bias, as indicated by OMERACT.
Table S3: Evaluation of the performance of the measurement properties per study.

	Pillar (and Question)
	Measurement property
	OMERACT Filter 2.2

Provisional standards for adequate performance

	Truth. 

(Question 3. Do the numeric scores make sense?)
	Internal consistency
	Not part of Filter 2.2, if included should be alpha >0.75, higher if target application is individual clinical decision making (0.90).

	
	Construct validity 
	Pre-specified hypotheses are replicated.  Should be shown with similar constructs, dissimilar constructs and known groups in order to show both presence and absence of a relationship as appropriate.

	
	Inter-method reliability
	Intra-class correlation coefficient (ICC); weighted Kappa coefficient (Kw)

Excellent > 0.90.

Good >0.75  (considered adequate for a Green rating)

Excellent needed for measurement if done for individual clinical decision making. Please also report on SEdiff and MDC-95, Bland-Altman graph is helpful.

	Discrimination 

(Question 4: Can it discriminate between groups of interest?)
	Test retest reliability 
	Intra-class correlation coefficient (ICC); weighted Kappa coefficient (Kw)

Excellent > 0.90.

Good >0.75  (considered adequate for a Green rating)

Excellent needed for measurement if done for individual clinical decision making. Please also report on SEdiff and MDC-95, Bland-Altman graph is helpful.

	
	Longitudinal construct validity
	Consistency with a priori theory in studies that look at situation similar to the intended application.  Anticipated large effect expect SRM >0.80, medium/moderate effect, SRM 0.5-0.79, small effect 0.2-0.5.  Findings outside the anticipated range should be considered a negative finding.   

	
	Sensitivity in clinical trials
	Longitudinal data are provided for the groups that have changed and separately for groups that have remained stable or had a different amount of change compared to the first group.  Standardized Response Mean (SRM) is greater in change group than in stable or different change group.   This difference is also reported in a relative effectiveness statistic (ESgroup12/ESgroup22) = hypothesized magnitude and direction.   

	
	Thresholds of meaning 
	There are not “standards” for a calculated threshold.  We ask only that reporting and context be as clear as possible for users.  

Report threshold value and how it was calculated, error boundaries if possible.  
Thresholds should be related to the anchors used (i.e., threshold for predicting disease activity), sensitivity and specificity of the cut point. For change thresholds, describe relation of both MID and MDC and guide interpretation accordingly.  


Below are the OMERACT provisional standards for adequate performance.   Use this to guide your decisions to complete the judgement of the adequacy section in the summary tables. We use the following symbols: 

 + = positive support for that measurement property. 

+/- = ambivalent support, inconclusive result. 

- = support that this instrument did not reach performance standards for that property.   
Each study was assessed using the OMERACT provisional standards for adequate performance and assigned ratings of 
+ (positive support for the measurement property), 
± (ambivalent support, inconclusive), or 
- (instrument did not reach performance standards for that measurement property). 

Table S4: Main characteristics of the included population. 

	
	
	
	
	
	
	Patients



	Study ID
	Country
	Design
	Followup (time or intervention)
	Inclusion criteria
	Patients/

controls n
	Female n(%)
	Age years
	LcSSc/DcSSc n
	SSc duration years
	RP duration years
	mRSS total

	THICKNESS

	Serup J 1985(1)
	Denmark
	Case-control
	-
	1980 ARA
	22/22
	100.0
	61 (32-83)
	-
	11(1.5-25)
	-
	-

	Akesson A 1986(2)
	Sweden
	Cohort
	6,12,18mo¥
	1980 ARA
	40/10
	75.0
	47 (20-82)
	22/18
	6.1(0.5-20)
	-
	-

	Myers S 1986(3)
	USA
	Case-control
	-
	1980 ARA
	8/11
	100.0
	49 (29-70)
	-
	-
	5 (1-20)
	-

	Seidenari S 1996(4)
	Italy
	Case-control
	-
	1980 ARA
	18/20
	100.0
	57.9 (15-80)
	8/10
	-
	49(1-20)
	-

	Ihn H 1995(5)
	Japan
	Case-control
	-
	1980 ARA
LeRoy
	79/81
	88.6
	56(12) (31-80)
	36/43
	-
	-
	-

	Scheja A 1997(6)
	Sweden
	Case-control
	-
	1980 ARA
	41/41
	56.1
	49.5(21-72)
	25/12/4
	6(1-28)
	-
	-

	Brocks 2000(7)
	Denmark
	Case-control
	-
	1980 ARA
	20/20
	100
	67.6 (43-83)
	16/4
	17.5 (4 - 36)
	-
	-

	Hesselstrand R 2002(8)
	Sweden
	Case-control
	1-3y
	1980 ARA
	11/6
	72.7
	LcSSc: 46(38-75)

DcSSc: 48(37-70)
	5/6
	LcSSc:10(6-72)

DcSSc:12(6-24)
	-
	LcSSc: 12(8-30)

DcSSc: 24(22-32)

	Moore T 2003(9)
	UK
	Case-control
	-
	1980 ARA
	39/34
	79.5
	52(27-72)
	26/13
	NR
	-
	-

	Akesson A 2004(10)
	Sweden
	Case-control
	2-4y***
	1980 ARA
	16/16
	87.5
	DcSSc:45(26-67)

LcSSc:52 (33-68)
	8/8
	<1y (n=13);<2y (n=3)
	-
	DcSSc: 27 (12-32)

LcSSc: 7(4-19)

	Hashikabe M 2004(11)
	Japan
	Cohort
	Pre and after photochemotherapy (16.3d)
	1980 ARA
	13/10
	92.3
	-
	6/7
	7.9 (1-40)
	-
	-

	Kissin 2006(12)
	USA
	Case-control
	-
	1980 ARA
	30/12
	83.3
	51 (32-70)
	10/20
	2.5 (2.6-28)
	-
	-

	Hesselstrand R 2007 (13)
	Sweden
	Cohort
	-
	1980 ARA
	97/-
	NR
	50(14)
	68/29
	0.9(0.5)
	-
	13(11)

	Hesselstrand R 2008 (14)
	Sweden
	Cohort
	-
	1980 ARA
	106/-
	86.0
	50 (14)
	76/30
	0.93(0.5)
	-
	-

	Iagnocco A 2010(15)
	Italy
	Case-control
	-
	1980 ARA
	18/15
	100.0
	58.8(40-70)
	8/10
	16.8(3-27.3)
	-
	Ver utros

	Kaloudi 2010(16)
	Italy
	Case
	-
	LeRoy
	70/20
	88.6
	57
	61/9
	-
	-
	NR ver outr

	Kuhn A 2010(17)
	Germany
	Open-label, non-comparative
	Pre and post bosentan, 24w
	1980 ARA
	10/-
	58.9
	58.9 (9.6)
	4/10
	10.9y
	-
	-

	Geso L 2011(18)
	Italy
	Case
	-
	1980 ARA
	22/-
	57.1
	57.1
	14/8
	7.4(4.7)
	-
	11.8(9.8)

	Hassan I 2012(19)
	India
	Case-control
	-
	1980 ARA
	15/15
	98.0
	25-55
	-
	1-8y
	-
	NR

	Sedky M 2013(20)
	Egypt
	Case-control
	-
	1980 ARA
	40/40
	95.0
	38.8(12.5) (14-68)
	26/14/5
	-
	-
	18.6(10.1)

	Cannao P 2014(21)
	Italy
	Case-control
	-
	1980 ARA
	6/6
	100.0
	52
	-
	-
	-
	-

	Sulli A 2013 (22)
	Italy
	Case-control
	-
	1980 ARA
LeRoy
	57/37
	89.5
	63 (10)
	43/14
	6(5)
	14(12)
	2.1(0.81)

	Hesselstrand R 2015 (23)
	Sweden
	Cohort
	1y follow-up
	1980 ARA
2013 ACR/EULAR
	75/-
	83.0
	52.4 (44.8-62
	42/33
	10.9(7.9-19.1)
	NR
	10.5 (4-1.9)

	Hou Y 2015(24)
	China
	Case-control
	-
	2013 ACR/EULAR
	15/15
	66.6
	53.6(8.2)
	0/15
	54.7 (10-108mo)
	NR
	11.3 (4-23)

	Liu H 2017(28)
	China
	Case-control
	-
	1980 ARA
2013 ACR/EULAR
	28/15
	78.6
	50.5 (19-65)
	0/28
	36 (4-204mo)
	-
	10 (4-23)

	Sousa-Neves J 2017(29)
	Portugal
	Case-control
	-
	1980 ARA
	48/45
	NR
	NR
	42/6
	-
	-
	-

	Sulli A 2017(30)
	Italy
	Case-control
	-
	2013 ACR/EULAR LeRoy
	50/50
	89.5
	62 (13)
	50/0
	5.3(4.9)
	12.1(11.6)
	4.8(2.6)

	Li H 2017(32)
	China
	Case-control
	-
	2013 ACR/EULAR
	31/31
	87.0
	47.23 (14.36)
	27/4
	24.0 (32.4) months
	-
	-

	Ruaro B 2018(33)
	Italy
	Case-control
	-
	2013 ACR/EULAR
	62/62
	90.3
	64 (11)
	45/17
	5 (4)
	8.5 (7)
	NR

	Yang Y 2018(34)
	China
	Case-control
	-
	1980 ARA
LeRoy
	37/37
	86.5
	42.0 (14.6)
	14/23
	4.8(4.4) (10m-16y)
	-
	23.0(11.3) (7-46)

	Ruaro B 2019(36)
	Italy
	Case-control
	-
	2013 ACR/EULAR
	8/5
	87.5
	60(10.7)
	8/0
	7.8 (8.1)
	15.5 (11.7)
	17.5 (4.8)

	Ruaro B 2019(37)
	Italy
	Case-control
	-
	2013 ACR/EULAR
	63/63
	NR
	63.9(12.3)
	40/23
	5.8(2.2)
	12(2)
	10(5)

	Ruaro B 2019(38)
	Italy
	Case-control
	-
	2013 ACR/EULAR LeRoy
	48/48
	83.3
	62(13)
	48/0
	5(5)
	-
	NR

	Chen C 2020(39)
	China
	Case-control
	-
	2013 ACR/EULAR
	44/22
	68.2
	LcSSc: 50.6 (15) DcSSc: 49.6 (11.7)
	22/22
	LcSSc: 4.2(3.7)

DcSSc: 2.6(2.5)
	-
	LcSSc: 6(3.6)

DcSSc 18.9(9.6)

	Chen Y 2020(40)
	China
	Case-control
	-
	2013 ACR/EULAR
	31/19
	67.8
	51.1 (17.9)
	NR
	6.19(4.5)
	-
	-

	Flower V 2020(41)
	UK
	Case-control
	-
	2013 ACR/EULAR
	53/15
	88.7
	62.2(11.2)
	45/8
	11.7(11.6)
	-
	LcSSc: 2(2-5)

DcSSc: 15 (2-28)

	Naredo E 2020(42)
	Spain
	Case-control
	-
	2013 ACR/EULAR
	21/6
	NR
	55.0 (11.9) (30 - 76)
	6/5
	10.0 (8.4, 1 - 37)
	NR
	5.81 (5.2,0-19)

	Daoudi K 2020(45)
	NL
	Case-control
	-
	2013 ACR/EULAR
	17/5/9‡
	80.0/42.0**
	Early SSc: 40(32-58)

SSc: 59(46-52)
	12/5/5
	Early SSc: 12(5-29 mo)

SSc:88(33-108 mo)
	-
	5(3-10)

	Vanhaecke A 2021 (46)
	Belgium
	Case-Control
	-
	2013 ACR/EULAR
	59/44
	83
	51.20 ± 14.0
	55/4
	-
	
	-

	ECHOGENICITY

	Seidenari S 1996(4)
	Italy
	Case-control
	-
	1980 ARA
	18/20
	100.0
	57.9 (15-80)
	8/10
	-
	49(1-20)
	-

	Scheja A 1997(6)
	Sweden
	Case-control
	-
	1980 ARA
	41/41
	56.1
	49.5(21-72)
	25/12/4
	6(1-28)
	-
	-

	Hesselstrand R 2002(8)
	Sweden
	Case-control
	1-3y
	1980 ARA
	11/6
	72.7
	LcSSc: 46(38-75)

DcSSc: 48(37-70)
	5/6
	LcSSc:10(6-72)

DcSSc:12(6-24)
	-
	LcSSc: 12(8-30)

DcSSc: 24(22-32)

	Akesson A 2004(10)
	Sweden
	Case-control
	2-4y***
	1980 ARA
	16/16
	87.5
	DcSSc:45(26-67)

LcSSc:52 (33-68)
	8/8
	<1y (n=13);<2y (n=3)
	-
	DcSSc: 27 (12-32)

LcSSc: 7(4-19)

	Hashikabe M 2004(11)
	Japan
	Cohort
	Pre and after photochemotherapy (16.3d)
	1980 ARA
	13/10
	92.3
	-
	6/7
	7.9 (1-40)
	-
	-

	Hesselstrand R 2007 (13)
	Sweden
	Cohort
	-
	1980 ARA
	97/-
	NR
	50(14)
	68/29
	0.9(0.5)
	-
	13(11)

	Hesselstrand R 2008 (14)
	Sweden
	Cohort
	-
	1980 ARA
	106/-
	86.0
	50 (14)
	76/30
	0.93(0.5)
	-
	-

	Hassan I 2012
	
	Case-control
	-
	
	
	
	
	
	
	
	

	Hesselstrand R 2015 (23)
	Sweden
	Cohort
	1y follow-up
	1980 ARA

2013 ACR/EULAR
	75/-
	83.0
	52.4 (44.8-62
	42/33
	10.9(7.9-19.1)
	NR
	10.5 (4-1.9)

	Li H 2017(32)
	China
	Case-control
	-
	2013 ACR/EULAR
	31/31
	87.0
	47.23 (14.36)
	27/4
	24.0 (32.4) months
	-
	-

	Flower V 2020(41)
	UK
	Case-control
	-
	2013 ACR/EULAR
	53/15
	88.7
	62.2(11.2)
	45/8
	11.7(11.6)
	-
	LcSSc: 2(2-5)

DcSSc: 15 (2-28)

	STIFFNESS

	Iagnocco A 2010(15)
	Italy
	Case-control
	-
	1980 ARA
	18/15
	100.0
	58.8(40-70)
	8/10
	16.8(3-27.3)
	-
	

	Geso L 2011(18)
	Italy
	Case
	-
	1980 ARA
	22/-
	57.1
	57.1
	14/8
	7.4(4.7)
	-
	11.8(9.8)

	Cannao P 2014(21)
	Italy
	Case-control
	-
	1980 ARA
	6/6
	100.0
	52
	-
	-
	-
	-

	Hou Y 2015(24)
	China
	Case-control
	-
	2013 ACR/EULAR
	15/15
	66.6
	53.6(8.2)
	0/15
	54.7 (10-108mo)
	NR
	11.3 (4-23)

	Grembiale R 2016(25)
	Italy
	Case
	-
	1980 ARA
	20/-
	80.0
	61(12)
	10/10
	7.3(5.7)
	14.3(11.6)
	11.8 (8.9)

	Santiago T 2016(26)
	Portugal
	Case-control
	-
	2013 ACR/EULAR
	26/17
	88.5
	55.3(12.1)
	13/13
	12.5(8.7)
	14.9(9.4)
	11.8 (9.2)

	Cildag S 2017(27)
	Turkey
	Case
	-
	1980 ARA
	40/-
	70.0
	58.8(40-70)
	0/40
	202(36-328mo)
	-
	-

	Liu H 2017(28)
	China
	Case-control
	-
	1980 ARA

2013 ACR/EULAR
	28/15
	78.6
	50.5 (19-65)
	0/28
	36 (4-204mo)
	-
	10 (4-23)

	Zhang X 2017(31)
	USA
	Case-control
	-
	1980 ARA
	41/30
	68.3
	61.9(37-82)
	-
	-
	-
	-

	Yang Y 2018(34)
	China
	Case-control
	-
	1980 ARA

LeRoy
	37/37
	86.5
	42.0 (14.6)
	14/23
	4.8(4.4) (10m-16y)
	-
	23.0(11.3) (7-46)

	Aryan A 2018(35)
	Iran
	Case-control
	-
	1980 ARA
	36/36
	83.3
	41.3 (10.3)
	16/20
	6.2y
	-
	11.9 (6- 22)

	Chen C 2020(39)
	China
	Case-control
	.
	2013 ACR/EULAR
	44/22
	68.2
	LcSSc: 50.6 (15) DcSSc: 49.6 (11.7)
	22/22
	LcSSc: 4.2(3.7)

DcSSc: 2.6(2.5)
	-
	LcSSc: 6(3.6)

DcSSc 18.9(9.6)

	Chen Y 2020(40)
	China
	Case-control
	.
	2013 ACR/EULAR
	31/19
	67.8
	51.1 (17.9)
	NR
	6.19(4.5)
	-
	-

	Flower V 2020(41)
	UK
	Case-control
	.
	2013 ACR/EULAR
	53/15
	88.7
	62.2(11.2)
	45/8
	11.7(11.6)
	-
	LcSSc: 2(2-5)

DcSSc: 15 (2-28)

	Santiago T 2020(43)
	Portugal
	Cohort
	4.9 (0.4)y
	2013 ACR/EULAR
	21/15
	85.7
	56.3 (10.4)
	12/7
	10 (5.5-14)
	14 (6.5-16.5)
	8 (4-15)

	Sobolewski,P 2020(44)
	Poland
	Case-control
	-
	2013 ACR/EULAR
	40/28
	85.0
	44.4 ± 13.5
	29/11
	NR
	9(0–30)
	5.25†


*the controls were not followed up. *** The interval between measurements were 1-2 years.
‡Early SSc(n=5); SSc (n=12); Primary Raynaud´s phenomenon (n=5); Healthy volunteers (n=9);**Early SSc/SSc
¥ In 14 diffuse SSc patients, and in 15 patients with CREST syndrome the skin thickness was redetermined after 6,12 or 18 months.

†RSS; *24 fibrotic,22 oedematous,2 atrophic; Mo, months; W, weeks; NR, not reported, NA, not applicable. Y, year;mo, months; NL, The Netherlands; UK, United Kingdom.

Table S5: Study characteristics and main findings on the ultrasound equipment and scanning/acquisition procedures.
	Study ID
	Brand model
	US mode/ Transducer type†/Freq
	Domains measured
	Skin layers examined
	N. skin sites
	Landmark site
	Transducer position
	Gel
	Image acquisition/quality criterion
	Scoring system Description detailed

	Serup J 1985(1)
	NR
	B-mode, 
15 MHz
	Thickness, in mm
	Soft tissue
	1
	Finger: Dorsal, middle phalanx
	NR
	NR
	NR
	NR

	Akesson A 1986(2)
	DRF, Diasonics
	B-mode, 
10 MHz†
	Thickness, in mm
	Skin (epidermis plus dermis)
	4
	Fingers: Dorsal, proximal and middle 2nd phalanx, bilateral
	Perp.
	Stand off silicone material 
	Measuring calipers were placed at the beginning of the echo of the skin surface and at the beginning of the echo of the underlying bone in order to minimize the effect of differences in gain setting
	Three measurements were made, and the mean value from each measuring point was calculated, and the mean of the measurements from the 4 phalanges was used.

	Myers S 1986(3)
	NR
	B-mode, 
25 MHz
	Thickness, in mm
	Skin (epidermis plus dermis)
	1
	Forearm: Volar
	NR
	NR
	NR
	Ten adjacent measurements of the distance between the skin surface and the plane of the reticular dermis and subcutaneous pad interface were used to calculate the mean skin thickness

	Seidenari S 1996(4)
	Dermascan C, Cortex Technology,

Denmark
	B-mode, 
20 MHz
	Thickness, in mm
Echogenicity, means of amplitude bands
	Skin
	3
	Forehead
Cheek

Hand: Dorsal
	NR
	NR
	At skin sites where the dermis-hypodermis was difficult to determine, owing to a low echogenicity of the dermis, images were recorded both with an increased time-gain compensation for skin thickness measurements, and with a constant gain, enabling image processing.
	NR

	Ihn H 1995(5)
	UX-01, Rion Co, Japan
	B-mode, 
30 MHz
	Thickness, in mm
	Skin (epidermis and dermis)
	3
	Chest

Forearm: Dorsal
Hands: Dorsal
	Perp.
	NR
	The surface of the skin was seen as a regular markedly echogenic line. The deeper boundary representing

the interface with subcutaneous fat was visualized as a slightly irregular linear pattern parallel to the skin surface. The full skin (epidermis and dermis) was highly echogenic, while the subcutis was echo-poor and the fibrous septae were seen as echogenic bands within the subcutis.
	Measurements were made along the midline of the sector sonogram with electronic calipers Quadruplicate measurements were used to calculate the mean skin thickness.

	Scheja A 1997(6)
	Dermascan
	A- and B-mode, 
20 MHz†
	Thickness, in mm
Echogenicity (0-255 pixels)
	Skin (epidermis plus dermis plus subcutis)
	3
	Finger: 2nd proximal phalanx right

middle

Forearm: Dorsal

Hand: Dorsal, between MCF joints II and III, right
	Perp.
	Gel used to ensure satisfactory contact between the cristal face and the skin
	The quality criterion adopted was the reproduction of echos which defined the interfaces between the epidermis, dermis and subcutis by the A-mode and B-mode which showed the echogenicity of the epidermis, dermis and subcutis. The measurement was made at a site in the B-image where the demarcation lines between the epidermis, dermis and subcutis were parallel and the echos of the corresponding A-mode image were distinct. Also a outlined a block of skin with the ROI function to estimate the mean echogenicity of the skin.
	In SSc pts one measurement was performed at each measuring point.
In the controls the recorded results represented the median of 3 measurements of the phalanx and hand and the mean of 2 measurements of the forearm.

	Brocks 2000(7)
	Dermascan, Cortex technology, Denmark
	A- and B-mode, 
20 MHz
	Thickness, in mm
	Dermis
	5
	Chest: Manubrium
Forearm: Dorsal right, 2cm above the wrist, 
Dorsal, middle
Hand: Dorsal, right, 2cm above the wrist
Finger: Dorsal,3rd, right, proximal phalanx
	NR
	NR
	Combined A- and B-mode scanning was used to measure the skin thickness, which was defined as the

distance between the dermal-epidermal junction and the

dermal-subcutaneous interphase. 

	Measurements were performed 3 times by 3 different sonographers. Result was the mean of 9 measurements

	Hesselstrand R 2002(8)
	Dermascan
	A- and B-mode, 
20 MHz†
	Thickness, in mm
Echogenicity (0-255 pixels)
	Skin (epidermis plus dermis)
	1
	Forearm
	Perp. 
	Conductive gel used 
	Two scans of the tissue were obtained: a onedimensional

A-mode image with different

echoes defining the interfaces between the epidermis, dermis and subcutis and a two-dimensional B-mode image with different colours reflecting the different echogenicities of the skin.

The measurement was made at a site in the B-mode image where the demarcation lines between the epidermis, dermis

and subcutis were parallel and the echoes of the corresponding A-mode image were distinct. With this instrument the mean echogenicity can be estimated for a selected region of interest6
	NR

	Moore T 2003(9)
	Diasus (Dynamic Imaging, Scotland)
	B-mode, 
22 MHz
	Thickness, in mm
	Dermis
	17
	Rodnan sites*
	Perp. 
	Moderate thickness of gel
	Measurements were made from the B-mode image. An electronic caliper was used to measure epidermis and dermis by identifying the surface-epidermis, epidermis-dermis and dermis-subcutis interfaces. Both the sum of the 17 sites and the maximum thickness at any site within each individual were documented. 
	

	Akesson A 2004(10)
	Dermascan,Cortex Technology,

Denmark
	A- and B-mode, 
20 MHz†
	Thickness, in mm
Echogenicity (0-255 pixels)
	Skin (epidermis plus dermis)

	5
	Chest

Forearm: Dorsal
Hand: Dorsal
Finger: 2nd right dorsal
Leg: lateral
	Perp.
	Gel to ensure satsfactory contact between the crystal face and skin
	The quality criterion adopted for acceptance of an ultrasound image was the reproduction of echoes, which defined the interfaces between the epidermis, dermis, and subcutis by the

A mode, and a correlated B mode image, which showed

the echogenicity of the epidermis, dermis, and subcutis. 
The measurement was made at a site in the B mode image where the demarcation lines between the epidermis, dermis, and subcutis were parallel, and the echoes of the corresponding A mode image distinct. 
	NR

	Hashikabe M 2004(11)
	DermaScan, Cortex Technology,

Denmark
	B-mode, 
20 MHz
	Thickness, in mm
Echointensity (0-100)
	Dermis
	3
	Forearms

Hands: Dorsal
Finger: 3rd,Dorsal
	NR
	Gel was used
	Depth 10 mm, resolution

0.06x0.13 mm. 
Gain scale was set up as 25 dB at 5 mm and 30 dB at 10 mm, because compensation of ultrasound attenuation was needed. The length from demo-epidermal junction to the boundary of dermis and subcutaneous fatty tissue at

the right and left border in the figure were obtained. 
	The mean of the two lengths was used as dermal thickness.

	Kissin 2006(12)
	NR
	B-mode, 
10 MHz
	Thickness, in mm
	Skin
	4
	Upper arm: Dorsal, middle between acromion and elbow

Forearm: Dorsal, middle

Hands: Dorsal, between 2nd and 3rd MCF

Finger: Dorsum of mid 3rd proximal phalanx
	NR
	NR
	NR
	NR

	Hesselstrand R 2007 (13)
	DermaScan, Cortex Technology,Denmark
	A- and B-mode, 
20 MHz†
	Thickness, in mm

Echogenicity, scale 0-255 pixels
	Skin (epidermis plus dermis)
	5
	Chest

Forearm

Hand: dorsal
Finger: 2nd right dorsal
Leg: lateral
	Perp.
	Gel used
	Two scans of the tissue were obtained: a 1-dimensional A mode image with different echoes defining the interfaces between epidermis, dermis and subcutis, and a 2-dimensional B mode image with different colors reflecting the differing echogenicities of the skin. By outlining a block of skin the mean echogenicity was estimated for a selected region10
	Sum of thickness and echogenicity from all 5 anatomical regions were used to compare with serum COMP

	Hesselstrand R 2008 (14)
	DermaScan, Cortex Technology,Denmark
	A- and B-mode, 
20 MHz†
	Thickness, in mm
Echogenicity, scale 0-255 pixels
	Skin (epidermis plus dermis)
	5
	Chest

Forearm: dorsal 

Hand: dorsal

Finger: dorsal 2nd right

Leg: lateral
	Perp.
	Gel used
	Two scans were obtained of the tissue: a one-dimensional A mode image with different echoes defining the interfaces between epidermis, dermis and subcutis and a two-dimensional B mode image with different colours reflecting the differing echogenicities of the skin. The echogenicity in the dermal region was represented  by outlining a block of skin in which the mean echogenicity was estimated for a selected region10 
	NR

	Iagnocco A 2010(15)
	HI VisionTM8500 (Hitachi Medical Corp,Japan)
	Compression elastography, 18 MHz†
	Elasticity (color scale)
	Skin
	2
	Forearm: Volar middle
Fingers: Dorsal
	NR
	Gel 
	UE evaluation was started after conventional ultrasound examination of

the areas of interest, which was performed to identify the interface between the epidermis, dermis, and subcutis.
	NR

	Kaloudi 2010(16)
	My lab 25 (Esaote,Italy)
	B-mode, 
18 MHz
	Thickness, in mm
	Dermis
	2
	Finger: Dorsal, proximal and middle
	Perp.
	Thin layer of gel 
	The quality criterion adopted for acceptance of a US image was the reproduction of echoes, which defined the interfaces between the epidermis, dermis, and subcutis.
	

	Kunhn A 2010(17)
	NR
	B-mode, 
20 MHz
	Thickness, in mm
	Skin
	17
	Rodnan sites
	NR
	NR
	NR
	NR

	Geso L 2011(18)
	Mylab 70 XVG;Esaote, Italy
	B-mode, 

6-18 MHz†
Compression elastography, 6-18 MHz†
	Thickness, in mm

Elasticity (color scale)
	Dermis
	2
	Finger: dorsal 2nd, middle and proximal phalanx
	Perp.
	Thin layer of gel 
	The measurement of the DT was calculated after setting US system in order to optimise the visualization in B-mode of the interface between the dermis and the subcutaneous tissue. 

All US images only in grey-scale

and with the superimposed elastograms were stored with and without electronic callipers to allow the measurements of the dermal thickness in the second part of the study.

Electronic callipers were placed to measure the dermal thickness firstly by identifying both the epidermis/dermis and dermis/subcutis interfaces on the grey-scale images, and secondly also by using the different colours on the elastograms.
	NR

	Hassan I 2012(19)
	NR
	A- and B-mode, 
20 MHz
	Thickness, in mm
Echogenicity (NR)
	Skin
	6
	Forehead
Chest: sternum
Forearm: dorsal
Hand
Finger: middle phalanx
Leg
	NR
	NR
	Two scans were obtained of the tissue: a one-dimensional A- mode image with different echoes defining the interface between epidermis, dermis and subcutis and a two-dimensional B-mode image with different colours reflecting the different echogenecities of the skin.
	NR

	Sedky M 2013(20)
	ATL Philips
	B-mode, 
5-12 MHz†
	Thickness, in mm
	Skin (epidermis plus dermis)
	5
	Chest 

Forearm

Hand: dorsal

Finger: middle phalanx

Leg
	NR
	Amble ammount of gel 
	Vertical thickness and echogenicity (NR any data) of the skin were assessed at five sites in B-mode two-dimensional longitudinal image using setting for superficial structures with a single focal zone set at the interface between skin and subcutaneous fat with zooming on this interface.
	Measurements were performed by the machine itself in mm.

	Cannao P 2014(21)
	MyLab 70 XvG; Esaote, Italy
	Compression elastography, 6-13 MHz†
	Stiffness (color scale)
	Skin
	4
	Peri-oral region
	Parasagittal left, parasagital right, upper axial, lower axial
	1cm gel spacer 
	Each scan was repeated by compression and relaxation of

the scan area several times (at least three compression– decompression cycles) until the findings were confirmed to be reproducible within the same observer.
	No

	Sulli A 2013 (22)
	My Lab 25; Esaote, Italy
	B-mode, 
18 MHz†
	Thickness, in mm
	Dermis
	2
	Finger: Dorsal
	Perp.
	NR
	NR
	Average value of DT of right and left sides was recorded.

	Hesselstrand R 2015 (23)
	Dermascan (Cortex, Technology, Hadsund, Denmark)
	A- and B-mode, 
20 MHz
	Thickness, in mm
Echogenicity (scale 0-255 pixels)
	Skin (epidermis plus dermis)
	5
	Chest

Forearm

Hand

Finger

Leg
	Perp.
	Gel used
	Two scans were obtained of the tissue: a one dimensional A mode image with different echoes defining the interfaces between epidermis, dermis and subcutis, and a two dimensional B mode image with different colours reflecting the differing echogenicities of the skin. 

The echogenicity was calculated by outlining a block of skin in which the mean echogenicity was estimated for a selected region10
	For the individual patient differences in skin thickness exceeding mean variability two-fold were considered

as significant changes.

	Hou Y 2015(24)
	Siemens S2000
	B-mode,

6-18 MHz†
Shear-wave elastograph

4-9 MHz†
	Thickness, in mm

Stiffness, in m/s
	Skin (epidermis plus dermis)
	17
	Rodnan sites
	Trasnverse and  Perp.
	A layer of gel
	The quality criterion for an acceptance of an US image was the adequate depiction of epidermis, dermis,subcutis, as well asthe inteffaces between them had to appear distinct and parallel.
	The SWV measurements were performed 5 times at the same location.

The 5 consecutive SWV measurements with no “X” result were used to calculate the mean for the statistical analysis.
(scoring of DT was not reported)

	Grembiale R 2016(25)
	Esaote MyLab70VG
	Compression Elastography, 10-18 MHz†
	Stiffness, global % of hardness
	Skin
	1
	Finger: Palmar, distal IF joint
	Perp.
	NR
	All elastosonography images were analyzed by a proprietary

software (Esaote, Inc., Italy) that allows to obtain numeric data

expressing the global % of hardness. 
	Skin stiffness was computed by considering the average

of eight fingers for each patient.

	Santiago T 2016(26)
	Siemens S3000
	Shear-wave elastography, 9 MHz†
	Stiffness, in m/s
	Skin
	16
	All Rodnan sites (except face)
	Perp.
	Thin layer of gel (2-5mm) 
	Acceptance of a scan image was based on clear visualization of an interface between the epidermis, dermis and subcutaneous tissues
	Three measurements were taken for each ROI, and the average was recorded.

	Cildag S 2017(27)
	Aplio 500 (Toshiba Medical System Corporation, Japan)
	Compression elastography, 15 MHz†
	Stiffness, color scale
	Skin
	1
	Forearm: Volar, middle
	NR
	Gel pad was used
	Sonoelastographic

evaluation started after a conventional ultrasound

examination, which was performed to identify the interface between the epidermis, dermis, and subcutis.

Vertical thickness of the skin was assessed in a B-mode longitudinal image using a setting for superficial structures with a single focal zone set at the interface between the skin and subcutaneous fat. 

The pressures and speeds of the manual compressions were adjusted to view the subcutaneous fat tissue as a mix of red and green. 
	NR

	Liu H 2017(28)
	Siemens S2000(siemens healthcare, germany)
	B-mode, 

6-18 MHz†

Shear-wave Elastography 4-9 MHz†
	Thickness, in mm

Echogenicity (0-255 pixels)
Stiffness, in m/s
	Skin (epidermis plus dermis)
	17
	Rodnan sites
	Perp. 
	layer of gel 
	The US image was adopted when the epidermis, dermis and subcutis were clearly visualized and the interface between them were paralell and distinct.

	SWV measurements made 5 times at the same skin site; and were used to calculate the mean for statistical analysis. All static ultrasound images were stored and later analyzed by the other three independent

readers. 

	Sousa-Neves J 2017(29)
	General Electric LOGIQ S8 
	B-mode, 
15 MHz†
	Thickness, in mm

	Skin(epidermis,dermis,subcutaneous tissue)
	2
	Finger: Dorsal, 2nd, , proximal phalanx, bilateral
	Perp. 
	NR
	NR
	NR

	Sulli A 2017(30)
	MyLab 25, Esaote, Genoa, Italy
	B-mode, 
18 MHz†
	Thickness, in mm
	Dermis
	17
	Rodnan sites
	Perp.
	NR
	Image with a distinction between epidermis, dermis and subcutaneous skin layers. DT was measured on the B-mode image by an electronic caliper included with the software, identifying the upper surface epidermis-dermis and the lower layer dermis-subcutis.
	NR

	Zhang X 2017(31)
	Verasonic V1,USA
	Elastography 6.4 MHz
	Stiffness, surface wave speeds, m(s
	Skin
	4
	Upper arm Forearm bilateral*
	NR
	Standoff gel pad
	NR
	On the skin surface, 8 locations were used to measure the surface wave speed of skin.

	Li H 2017(32)
	ESaote, Italy
	B-mode,
18 MHz
	Thickness, in mm
	Skin (epidermis and dermis)
	5
	Chest: Sternum 2 cm distal to the upper part of the manubrium
Forearm: Dorsal, 3 cm proximal to the wrist, right,
Hand: Dorsal, area between MCP joints II and III, right

Finger: Dorsal proximal phalanx, right 2nd
Leg: right, 12 cm proximal to the ankle joint
	NR
	NR
	NR
	Average values of regional skin thickness and total skin thickness (TST) were measured at 3 assessments performed horizontally and vertically.

	Ruaro B 2018(33)
	MyLab 25, Esaote, Genoa, Italy
	B-mode, 
18 MHz†
	Thickness, in mm
	Dermis
	3
	Zygoma
Hands: Dorsal
Fingers: Dorsal
	Perp.
	NR
	Image with a distinction between dermis and subcutaneous fat
	NR

	Yang Y 2018(34)
	Aixplorer (supersonic Imagine,France)
	B-mode, 

4-15 MHz†
Shear-wave elastography 4-15 MHz†
	Thickness, in mm

	Skin (epidermis plus dermis)
	6
	Chest: Between the sternal angle and
sternal notch
Abdomen: Anterior, 10 cm distal to the sternum
Forearm: Dorsal, 10 cm proximal
to the ulnar styloid, bilateral
Fingers: Dorsal, middle phalanx
	Perp.
	Several mm of gel**
	The SWE ROI size, and manipulated the ROI to include the area from gel to the subcutaneous tissue. At each site, the transducer was held for around 10 seconds until stable colour was obtained in the SWE ROI (coloured square), and the image was then saved. The degree of downward adjustment of scale varied, ranging from 800 to 50 kPa as needed so that some skin areas appeared orange or red. A round Q-box (a small circle of diameter 1~2 mm) adjusted to skin thickness, was placed in the red or orange skin area on the colour-coding SWE image.

The system automatically calculates a set of the elastic moduli, including the mean, maximum, minimum, and

 SD for E values within Q-box in  kPa and displays on the screen. Mean kPa was selected as

representative value for each image and defined here as “E-values”. 
	Skin thickness was measured 3 times for the same skin site.

From the three

measurements, average E value was

assessed; the results were expressed in

 kilopascals (kPa).

	
	
	
	Stiffness, elastic modulus, in E values, in kPa
	
	
	
	
	
	
	

	Aryan A 2018(35)
	MYLAB 70 XVG,Esaote Co., Genoa, Italy
	Compression elastography
12 MHz†
	Stiffness (color scale)
	Skin
	3
	Arm

Forearm: Volar, middle
Finger: dorsal
	NR
	NR
	NR
	NR

	Ruaro B 2019(36)
	MyLab 25, Esaote, Italy
	B-mode, 
18 and 22 MHz†
	Thickness, in mm
	Dermis
	17
	Rodnan sites
	Perp.
	NR
	An electronic caliber was used to measure the dermal thickness.
	NR

	Ruaro B 2019(37)
	My Lab 25, Esaote, Italy
	B-mode
18 MHz†
	Thickness, inmm
	Dermis
	17
	Rodnan sites
	Perp.
	NR
	NR
	NR

	Ruaro B 2019(38)
	MyLab 25,

Esaote, Italy
	B-mode, 
18 and 22 MHz†
	Thickness, in mm
	Dermis
	17
	Rodnan sites
	Perp.
	NR
	NR
	NR

	Chen C 2020(39)
	Aixplorer®, Supersonic Imagine, France)
	B-mode, 

4-15 MHz†

Shear-wave elastography, 4-15 MHz†
	Thickness, in mm

Stiffness, elastic modulus, KPa
	Skin (epidermis plus dermis)
	4
	Hands****: dorsal of the index/middle MCP interspace, 
2 cm proximal to the MCF joints
Fingers: Dorsal, 3rd, proximal phalanx 
	Perp.
	NR
	Total skin thickness (TST) was defined as the distance

from the outermost epidermis to the interface between the dermis and the subcutis on B-mode imaging. To quantify skin stiffness, the epidermis and dermis area in ROI was carefully traced.  Total skin elasticity (TSE) was defined as the mean elastic modulus value of the trace area, which was calculated

automatically by the ultrasound system.
	All measurements were made in triplicate and averaged.

	Chen Y 2020(40)
	Philips
iU22, Philips Ultrasound, Inc., Bothell,USA
	B-mode, 
12 MHz†
Compression elastography, 12 MHz†
	Thickness
Strain ratio*/Elasticity, in  E-values (in, 50-800 KPa)
	Dermis
	6
	Forearm: Dorsal right, distal and proximal

Hands: Dorsal right, distal and proximal 
	NR
	NR
	Dermal thickness was determined by identifying the distance between the dermis–epidermis junction and the dermis–subcutis junction. 
For each site, the dermal thickness was measured twice at three consecutive locations that were 0.5mm apart horizontally.
	The average value of three dermal thickness measurements

was recorded.
*Strain ratio represents the degree of dermal stiffness in relation to the surrounding tendon or muscle.

	Flower V 2020(41)
	Toshiba APLIO A500
	B-mode
18 MHz
Shear-wave elastography
14MHz
	Thickness, in mm

Echogenicity (scal 0-255)

Stiffness, in kPa
	Dermis (except fingers)


	4
	Abdomen
Forearm: Distal, dorsal
Hand: Dorsal
Finger: Dorsal, 3rd middle phalanx
	NR
	NR
	Skin thickness at the hand forearm and abdomen was measured as the distance between the external surface of the epidermis and dermo-subcutis interface. Due to challenges identifying

the dermo-subcutis junction in some SSc participants the distance between the external

surface of the epidermis down to the finger extensor tendon.
	

	Naredo E 2020(42)
	VEVO MD,Visualsonics Inc., Toronto, Canada).
	B-mode, 

50 MHz
	Thickness, in mm
Texture feature analysis
	Dermis, hipodermis
	3
	Forearm

Hand 

Finger
	Perp.
	A generous layer of gel was used
	B-mode settings: gain 30dB, dynamic rande 70dB, depth 8.5mm. 
	For each participant was obtained 9 images. Images recorded in DICOM format, and then evaluated using ImageJ software, and selected two point at the centre of the image, one at the interface between epidermis and dermis, and the other at the interface between the dermis and hypodermis to measure dermal thickness and two rectangular ROIs, one in dermis and other in hypodermis, with a minimum size of 0.15mm2

	Santiago T 2020(43)
	ACUSON S3000 (Siemens Healthcare)
	Shear-wave elastography, 9 Mhz†
	Stiffness in m/s
	Skin
	16
	Rodnan sites, (excepted, face)
	Perp.
	NR
	acceptance of an ultrasound image for analysis was based on clear visualization of an interface

between the epidermis, dermis and subcutaneous tissues

and on an automated image quality indicator provided by

the ultrasound system. 
The sonographer placed sampling gates with the minimum possible size (2x2 mm) over the

Skin (epidermis and dermis). The VTIQ output simultaneously displays a colour-coded tissue stiffness map and absolute shear-wave velocity values (in metres per second, up to 10 m/s) in one single image. 
	Three measurements were taken for each ROI, and the average was recorded.

	Sobolewski,P 2020(44)
	Toshiba iAplio 900 US (2019 Malaysia)
	Shear-wave elastography5-18 MHz
	Stiffness, Young´s modulus value (KPa)
	Skin
	20
	RSS (20 sites)
	Perp. and transverse
	10mm of hydrogel pad and a thick layer of gel used
	ROI was placed in the center of the scree, to cover ~80% of the examined site.
	Three measurements were taken for each ROI, and the average was recorded

	Daoudi K 2020(45)
	Visualsonics
	B-mode, 
40 MHz
	Thickness, in mm
	Skin
	1
	Finger: Palmar 3rd, distal phalanx
	Perp.
	
	Thickness was estimated between the nailfold and the distal IPJ of the 3rd finger, measuring the thickness between the air and the bone
	NR

	Vanhaecke A 2021 (46)
	Logiq S8 ultrasound system
	B-mode,

18 MHz
	Thickness, in mm
	Dermis
	17
	mRSS sites
	Perp.
	Moderate layer of gel
	Distance between the ep-dermis interface and the dermis-subcutis interface
	NR


*participants were tested in a sitting position with their right or left forearm and upper arm placed horizontally on a pillow in a relaxed state.
** Forearms and fingers were assessed with the volunteer putting the hands and arms on the examination bed, with palms down in a naturally flexed state without strength. Chest and abdomen were examined with the volunteer in the supine position with both hands on the waist and shoulders relaxed. Each subject was asked to stop breathing for a moment to minimise breathing motion. 
*** Extra measurements were conducted on the dorsum of unilateral forearms in patients who would undergo forearm skin biopsy. 
kPa: (kilopascal); †Linear transducer. Perp.: Perpendicular.
Table S6: Main characteristics of the comparator, blinding, reliability and feasibility.
	Study ID
	Comparator/Others clinical assessments
	Sonographer blinding
	Reliability
	Feasibility
	Contextual factors (hour, temperature)

	
	
	For image acquisition
	For image analysis
	Assessment
	Observers stable/ (n)
	Intra 95%ICC
	Inter

95%ICC
	
	

	Serup J 1985(1)
	Ring size
	NR
	NR
	No
	
	
	
	NR
	NR

	Akesson A 1986(2)
	None
	Yes, blinding for mRSS
	NR
	Yes

(controls only)
	
	
	
	NR
	NR

	Myers S 1986(3)
	None
	NR
	NR
	Yes
	
	1 patient (2.7% (vs x-ray 3.9%)1
	
	NR
	NR

	Seidenari S 1996(4)
	None
	NR
	NR
	No
	
	
	
	NR
	NR

	Ihn H 1995(5)
	None
	NR
	NR
	Yes, inter
	2
	
	“little variability”
	NR
	NR

	Scheja A 1997(6)
	None
	Yes, blinding for mRSS
	NR
	Yes
	2
	
	1.0% (proximal phalanx), 4.2% (hand), and 0.0016% (forearm) (in 10 controls)
	NR
	NR

	Brocks 2000(7)
	mRSS
	NR
	NR
	No
	
	
	
	NA
	Afternoon

	Hesselstrand R 2002(8)
	Skin biopsy
	Yes, blinding for mRSS
	Yes, blinding for the mRSS
	No
	
	
	
	
	

	Moore T 2003(9)
	None
	NR
	NR
	Yes
	2
	0.65-0.94 (20 SSc, 15 controls)
	0.55-0.96 (35 SSc; 33 controls)
	~20min
	Between 9:00 and 12:00), after an acclimitization period of 20min

	Akesson A 2004(10)
	None
	Yes, blinding for mRSS
	NR
	Yes
	2
	Thickness:0,92 - 0,98

Echo- genicity (0,92- 0,98) (16 SSc)
	*static images

Thickness: 0,66- 0,88

Echo-genicity 0,92-0,99)
(16 SSc)
	NR
	Before noon

	Hashikabe M 2004(11)
	Pre and pos photochematorepay
	NR
	NR
	No
	
	
	
	NR
	~2:00pm

	Kissin 2006(12)
	Durometry
	NR
	NR
	No
	
	
	
	NR
	NR

	Hesselstrand R 2007 (13)
	COMP in serum and skin biopsy
	Yes, blinded for mRSS
	NR
	No
	
	
	
	NR
	Before noon

	Hesselstrand R 2008 (14)
	mRSS 
	Yes, blinded for mRSS
	NR
	No
	
	
	
	NR
	Before noon

	Iagnocco A 2010(15)
	None
	Yes, blinded for mRSS
	Yes, blinded for clinical data
	Yes
	2
	100% forearm (18 SSc, 15 controls)
	100% forearm  

(18 SSc, 15 controls)
	NR
	NR

	Kaloudi 2010(16)
	mRSS 

HAQ
	NR
	NR
	Yes
	2
	0.92- 0.96 (70 SSc)
	0.92-0.97 (70 SSc)
	NR
	Between 9:00 and 12:00

	Kunhn A 2010(17)
	none
	NR
	NR
	No
	
	
	
	NR
	NR

	Geso L 2011(18)
	mRSS 

RCS
	NR
	NR
	Yes
	2
	0.904 for B-mode US, and B- mode plus UE ICC=0.979

 (NR n SSc and SSc)
	0.59 for B-mode US, and 0.88 for B-mode and UE 

(NR n SSc and SSc)
	NR
	NR

	Hassan I 2012(19)
	None
	NR
	NR
	No
	
	
	
	NR
	NR

	Sedky M 2013(20)
	mRSS 
	NR
	NR
	No
	
	
	
	NR
	Before noon, at room temperature

	Cannao P 2014(21)
	None
	No
	NR
	Yes
	2
	-
	k=1(NR n SSc and SSc)
	NR
	NR

	Sulli A 2013 (22)
	mRSS 

FBP

NVC
	Yes, blinding for mRSS
	Yes, blinding for clinical data
	Yes
	
	0.95 (57 SSc,37 controls)
	-
	NR
	NR

	Hesselstrand R 2015 (23)
	mRSS 

HAMIS

Serum-COMP
	Yes, blinding for the mRSS
	Yes, blinding for clinical data
	Yes
	
	(NR n SSc and SSc)
	-
	NR
	NR

	Hou Y 2015(24)
	mRSS 
	Yes, blinding for mRSS
	NR
	Yes
	
	-
	For SWV: ICC 0.25 0.91 (15 SSc, 15 controls)  
	NR
	NR

	Grembiale R 2016(25)
	None
	Yes, blinding for mRSS
	NR
	No
	
	
	
	NR
	NR

	Santiago T 2016(26)
	mRSS 
	Yes, blinding for mRSS
	NR
	Yes
	
	ICC 0.47- 0.98 (4 SSc pts;2controls)
	 -
	~2min per site
	NR

	Cildag S 2017(27)
	None
	NR
	NR
	No
	
	
	
	NR
	NR

	Liu H 2017(28)
	mRSS 
	Yes, blinding for mRSS
	Yes, blinding for clinical data
	Yes
	
	-
	For Echogenicity: ICC 0.608 (NR n SSc and SSc)
	NR
	NR

	Sousa-Neves J 2017(29)
	mRSS 

HAMIS

SScSS
	NR
	NR
	No
	
	
	
	NR
	NR

	Sulli A 2017(30)
	mRSS

NVC
	Yes, blinding blinded for mRSS
	Yes, blinding for clinical data
	Yes
	
	95.0% (NR n SSc and SSc)
	 -
	~20-25min (skin capture plus manipulation to measure DT)
	NR

	Zhang X 2017(31)
	None
	NR
	NR
	Yes
	
	NR (1 control) 
	NR (1 control)
	NR
	NR

	Li H 2017(32)
	mRSS - EUSTAR-DAI
	Yes, blinding for clinical data
	NR
	Yes
	
	(NR n SSc and controls)
	(NR n SSc and controls)
	NR
	NR

	Ruaro B 2018(33)
	mRSS 

Blood perfusion (LASCA)
	NR
	NR
	No
	
	95%30
	-
	NR
	NR

	Yang Y 2018(34)
	mRSS 
	NR
	NR
	No
	
	
	
	NR
	Room temperature was controlled 25ºC

	Aryan A 2018(35)
	None
	NR
	NR
	No
	
	
	
	NR
	NR

	Ruaro B 2019(36)
	mRSS 

NVC

Cell culture and circulating fibrocytes
	NR
	NR
	Yes
	
	96% (0.93–0.98) for 18 MHz

97% for 22 MHz (0.96–0.98) (8lcSSc and 5 controls)
	-
	NR
	NR

	Ruaro B 2019(37)
	mRSS 

NVC

Plicometry
	NR
	NR
	Yes
	
	0.97 (0.92-0.98)
	NR
	NR
	NR

	Ruaro B 2019(38)
	None
	NR
	NR
	Yes
	
	96% (0.93–0.98) for 18 MHz

97% for 22 MHz (0.96–0.98)36
	NR
	NR
	NR

	Chen C 2020(39)
	mRSS 

Skin biopsy
	Yes, blinding for mRSS
	NR
	Yes
	
	For thickness: ICC ranged from 0.91- 0.92; stiffness: ICC 0.945 to 0.957 (in 44 SSc pts)
	For thickness: ICC ranged from 0.901 to 0.937; stiffness: ICC  0.840 to 0.897 (20 SSc)
	NR
	NR

	Chen Y 2020(40)
	mRSS 

SAM (HSI)
	Yes, blinding to clinical data
	NR
	No
	
	
	
	NR
	NR

	Flower V 2020(41)
	mRSS 

Skin biopsy
	Partial (not truly blinded for mRSS)
	Yes, blinding to mRSS
	Yes
	
	Thickness: 0.946-0.978, Echogenicity 0.648-0.865; SWE 0.953-0.973) (53 SSc, 15 controls)
	-
	NR
	NR

	Naredo E 2020(42)
	None
	Yes, blinding for mRSS
	Yes, blinding to clinical data
	Yes
	
	-
	Thickness (forearm

0.754; finger 0.699; hand 0.602
	NR
	NR

	Santiago T 2020(43)
	mRSS - correlate
	Yes, blinding for mRSS
	NR
	Yes
	
	0.70 (foot) to 0.98 (finger)

in 20 SSc; 0.81 (thigh) to 0.97 (finger) in 18
controls
	-
	NR
	NR

	Sobolewski,P 2020(44)
	mRSS 
	NR
	NR
	Yes
	
	-
	0.987 (in 40 SSc pts)
	NR
	Between 9:00am and 3:00pm, in a temperature room (20-25ºC), with the pt in a supine or prone position

	Daoudi K 2020(45)
	Photoacoustics
	NR
	NR
	No
	
	
	
	PA/HFUS in 30min
	Temperature room (22ºC)

	Vanhaecke A 2021 (46)
	mRSS
	NR
	NR
	Yes
	Yes
	0.76 to 0.98 for (SSc); 0.78 to 0.96 (controls)
	0.70 to 0.97 (in SSc);0.65 to 0.95 (controls)
	NR
	NR


Legend: ICC, intraclass correlation coefficients; RCS, Raynaud condition score; LASCA, laser speckle contrast analysis; LDF, laser Doppler flowmetry; NVC, nailfold videocapilaroscopy, HAMIS, hand mobility in scleroderma test, COMP, cartilage oligomeric matrix protein, SWV, shear-wave velocity; mm, millimeters; NVC, nailfold videocapillaroscopy.
1Mean difference between measurements of the 2 sonographers was 0.
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