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Abstract

Objective: To summarize the published evidence in the literature on the role
of ultrasound and elastography to assess skin involvement in systemic

sclerosis (SSc).

Methods: A systematic literature review (SLR) was performed within the “Skin
Ultrasound Working Group” of the World Scleroderma Foundation, according
to the Cochrane Handbook. A search was conducted in Pubmed, Cochrane
Library and Embase databases from 1/1/1979 to 31/5/2021, using the
participants, intervention, comparator and outcomes (PICO) framework. Only
full-text articles involving adults, reported in any language, assessing
ultrasound to quantify skin pathology in SSc patients. Two reviewers
performed the assessment of risk of bias, data extraction and synthesis,
independently.

Results: Forty-six studies out of 3248 references evaluating skin ultrasound
and elastography domains were included. B-mode ultrasound was used in 30
studies (65.2%), elastography in nine (19.6%), and both methods in seven
(15.2%). The ultrasound outcome measure domains reported were thickness
(57.8%) and echogenicity (17.2%); the elastography domain was stiffness
(25%). Methods used for image acquisition and analysis were remarkably
heterogeneous and frequently under-reported, precluding data synthesis
across studies. The same applies to contextual factors and feasibility. Our
data syntheses indicated evidence of good reliability and convergent validity
for ultrasound thickness evaluation against mRSS and skin histological
findings. Stiffness and echogenicity have limited evidence for validity against
histological findings. Evidence for sensitivity to change, test-retest reliability,
clinical trial discrimination or thresholds of meaning is limited or absent for

reported ultrasound domains.

Conclusion: Ultrasound is a valid and reliable tool for skin thickness
measurement in SSc but there are significant knowledge gaps regarding skin

echogenicity assessment by ultrasound and skin stiffness evaluation by
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elastography in terms of feasibility, validity and discrimination. Standardization

of image acquisition and analysis is needed to foster progress.

Keywords: Skin Ultrasound, Skin elastography, Systemic sclerosis.

Key messages
-Ultrasound and elastography are promising tools to foster much-needed

improvement of skin assessment in SSc.

-This review identifies the most relevant current knowiedge gaps and
technical caveats of skin ultrasound.

-Research focused on these limitations is essential to support skin ultrasound

in patient care and research.
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Introduction

Systemic sclerosis (SSc) is an autoimmune rheumatic disease
characterized by vascular damage and fibrosis of the skin and/or internal
organs, with high clinical burden and unsatisfactory treatment.! Skin fibrosis is
a clinical hallmark of the disease,” and an important marker of disease
activity,® severity*® and prognosis.*® The extent of skin involvement and its
rate of progression are associated with internal organ involvement, functional
disability, and survival.® This makes skin assessment a crucial issue for both
clinical practice and research.

The modified Rodnan skin score (mMRSS) is the current gold standard
to evaluate skin involvement. It is a semi-quantitative score based on the
palpation of the skin at 17 anatomical sites.? It is often used as primary or
secondary outcome in clinical trials. The mRSS is also a major component of
the composite response index in diffuse cutaneous SSc’ and it is included in
the European League Against Rheumatism Scleroderma Trials and Research
(EUSTAR) disease activity score.® This underlines the importance of skin
assessment, however the mRSS has several important limitations, including
its subjectivity and intra- and inter-observer variability (around 12% and 25%,
respectively).®® It is poorly sensitive to change in patients with limited
cutaneous SSc and it has shown a modest performance in discriminating drug
versus placebo in most clinical trials.'®*? Novel therapies are dearly needed,
but current measures of effect are too blunt to support progress. This
emphasizes the need for more accurate and sensitive tools to assess skin in
SSc.

The potential use of skin ultrasound and elastography to this purpose
has been addressed in several studies over the last three decades.’**®
Although these tools are considered promising, their actual value as a
correlate or surrogate of skin involvement in SSc remains unclear, with limited
existing integration in current clinical practice and research. The “Skin
Ultrasound Working Group”, that has been recently created under the
auspices of the World Scleroderma Foundation (WSF), aims to develop
recommendations for the standardization of the procedures and reports on the

assessment of the skin by ultrasound and elastography in SSc.
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We herein present the results of a systematic literature review (SLR)
performed to support the development of these recommendations by
highlighting the achievements and limitations of accumulated evidence. In
addition, we evaluated whether available information supports the use of skin
ultrasound and elastography as an surrogate outcome measure in SSc,
according to the outcome measures in rheumatologic clinical trials
(OMERACT) filter 2.1 instrument selection algorithm (OFISA).'® Specifically,

this SLR focuses on the pillars of truth, discrimination and feasibility.
Methods

Literature search

This SLR was conducted according to the Cochrane Handbook’ and
reported following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines®®. The SLR protocol, which was not
registered but is available upon request, was established a priori and strictly
adhered to.
In the first meeting of the Skin Ultrasound Working Group of the WSF the key
research questions were framed, following the population, intervention,
comparator and outcome - PICO - format. This referred to the
procedures/methods used for image acquisition in skin ultrasound and
elastography, as well their analysis and interpretation in patients with SSc.
The population of interest consisted of adult patients (>18years) with SSc
fulfiling the 1980 ACR criteria®®, 2013 ACR/EULAR? or classified by their
cutaneous subtype as defined by LeRoy et al.*
Eligible studies were full research articles, of all types, conveying results of
original research, including at least one defined group of patients with SSc,
and reporting a structured evaluation and clear definition of the ultrasound
scanning protocol. Details of the inclusion criteria are presented in

supplementary material table S1.

Search strategy and study selection
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The SLR was conducted by two reviewers (TS and ES). The search
strategy was developed by one of the reviewers (ES), with accredited
experience in this field.

Medline, Cochrane Library and Embase databases were searched without
language restrictions, for papers published from 1 January 1979 until 31 May
2021. This start date was chosen because the first B-mode ultrasound image
of human skin was reported in 1979.% Details on complete search strategies
are provided in the supplementary material table S1.

All identified citations were uploaded into an EndNote VX7 (Clarivate
Analytics, PA, USA) library and the duplicates removed. The reviewers (TS
and ES) screened independently all titte and abstracts to identify potentially

eligible studies, which were, then, reviewed in full text.

Extraction of study characteristics and results

Papers fulfilling the inclusion criteria were submitted to data extraction.
Both reviewers independently retrieved data using a predefined data
extraction sheet, validated by the task force and informed by the EULAR
checklist recommendations for the reporting of ultrasound studies in
rheumatic diseases®: studies main characteristics (year of publication,
country, design, participants, disease characteristics), ultrasound outcome
domains, equipment, blinding, scanning/acquisition procedures, ultrasound
scoring system, contextual factors and feasibility. Authors of papers were
contacted to request missing or additional data, where required.

Evaluation was made strictly following OFISA and Handbook®. The

successive phases of evaluations are described below:

Evaluation of the methodological quality per measurement property, per
study

The methodological quality (risk of bias) of each study was assessed
by two independently reviewers (TS, ES), using the COSMIN-OMERACT
Good Metrics Checklist (table S2).** Quality assessment was rated using a

colour code: ‘Green’ if good methods were used, ‘Amber’ if there were some
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methodological concerns but the data were acceptable for inclusion, and ‘Red’
if there was a high risk of bias, as indicated by OMERACT.

Discrepancies between reviewers regarding study selection, data extraction
and risk of bias assessment were resolved by consensus or with a third
reviewer (JAPS).

Evaluating the performance of measurement properties per study

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
S3).#

Summary ratings of individual measurement properties per domain

All studies rated amber or green were synthesized to generate an overall
rating for the individual measurement properties for each domain based on
the OMERACT Handbook - “Criteria for Final Rating”.?®  This rating
summarises the quality and quantity of studies, the consistency of the results,
and the performance of individual instruments.

A colour grading was used as recommended: GREEN indicates ‘Good to go’,
RED indicates ‘Stop, do not continue’, WHITE indicates ‘No evidence’ and
AMBER indicates ‘“There is a concern, or caution, or weakness, but it is good
enough to go forward, perhaps with a research agenda to move it to GREEN
or RED’.

Results
Study selection

The literature review yielded 3248 references (Figure 1). Of the 46
studies included, 30 (65.2%) used B-mode ultrasound, 9 (19.6%) used
elastography and 7 (15.2%) used both techniques (table 1). The ultrasound
outcome domains reported were thickness in 37 (57.8%) studies, stiffness in
16 (25.4%) and echogenicity in 11 (17.2%).

Below each ultrasound domain is presented the summary of the

measurement properties (SOMP) for each one — table 2, 3 and 4. None of the



Journal Pre-proof

studies were excluded based on overall risk of bias, but one measurement

property was rated red (table 2).
THICKNESS

Study characteristics
Thirty-seven studies evaluated the ultrasound-thickness of skin tissues.
They were published between 1985 and 2021, most being observational and

cross-sectional (table 1). Six studies were longitudinal: 4 evaluated

25-29 30 31

spontaneous change over time and 2 changes due to interventions.
All studies were based in a single centre.

In total, 1439 SSc patients (~80% female and ~60% with a limited form) were
evaluated. Thirty-two studies had a control group. Cases were defined
according to the 1980 ARA criteria in 20 studies (55.5%), to the 2013
ACR/EULAR classification criteria in 12 (30%) and both criteria in 2 studies

(9%).%%%2 The Le Roy criteria were used in 2 studies (5.5%) (table S2).3%3*

Description of image acquisition and analysis

Most studies reported using linear probes with variable frequencies
ranging from 10 to 50MHz (table S3). The ultrasound equipment brand and
system were mentioned in 32 (86.5%) studies. Twenty-eight (75.6%) studies
mentioned that the probe was placed perpendicularly to the skin. Probe
position was not described in the remaining studies (25%). Half of the studies
reported using a layer of gel to minimize the compression induced by the
transducer on the skin. Only one study reported the use of a standoff silicone
interface.?® One third of the studies reported that sonographers were blinded
to local mRSS (table S4). Only a few studies mentioned the sonographers
experience with skin ultrasound.***! Eight studies (22.2%) reported the timing
of the measurements within the day; and only 2 (5.5%) mentioned that
ultrasound was performed at room temperature, without further
specification.***?
In half of the studies, the quality criterion for acceptance of an ultrasound

image was described as the adequate depiction of epidermis, dermis, and
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subcutis, with distinct and parallel interfaces between them (table S3). The
remaining studies did not describe their quality criteria or did so insufficiently.
Overall, the skin sites examined corresponded to all or some of the Rodnan
skin sites, or at least in the same body area. However, the exact definition of
landmarks for each site scanned varied considerably. Two studies only
assessed the palmar aspects of the fingers.****

Thirteen studies (35.1%) measured solely the dermis, 13 (35.1%) assessed
the epidermis and dermis, 3 studies evaluated epidermis, dermis and

374548 and yet 1 study evaluated dermis and hypodermis*

subcutaneous layer
(table S3). Seven studies (19.4%) did not describe which skin layers were
evaluated.

All studies reported thickness in millimetres, but the scoring system varied:
the number of ultrasound images taken from each skin site was variable
across studies, as well as the number of thickness measurements per skin
site. The average result of these measurements was used for statistical
analysis. Except for one study,*’ it's unclear whether the image analysis was

performed during the ultrasound evaluation or later.

Feasibility

For the ultrasound assessment of the 17 Rodnan skin sites, Moore et
al*® reported that image acquisition took ~20minutes; and, Sulli et al*® took
20-25 minutes, including skin image acquisition and analysis. No additional
feasibility parameters were reported. Following synthesis of the results and

risk of bias, this measurement property was rated AMBER.

Convergent validity against mRSS, skin biopsy, and other constructs

The validity of ultrasound-measured thickness vs mRSS was studied in
22 and confirmed in 20 studies, by demonstration of a mild to moderate
correlation between ultrasound-measured thickness and local site-specific
MRSS (table S4).

Four studies assessed histological findings,?%4%4":°°

but only 2
evaluated convergent validity of ultrasound vs histological parameters. These
2 studies used forearm skin biopsies from 13%° and 20* participants,

respectively, and found moderate to good correlations between skin thickness
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measured by ultrasound and histological findings. These preliminary analyses
of convergent validity with tissue histology is encouraging but further work is

desirable.

Correlations between ultrasound skin thickness and a variety of other
measures were explored in several studies, including nailfold
videocapillaroscopy (NVC),****? Laser Speckle Contrast Analysis,3*>*°3
cartilage oligomeric matrix protein (COMP),>* EUSTAR disease activity
index,*® hand mobility in scleroderma,??’ health assessment questionnaire®*
and spectral angle mapper.>® The committee decided that these comparisons
make a smaller contribution to convergent validity, given the heterogeneous

factors contributing to the parameters under evaluation.

Inter-, Intra-rater and test-retest reliability

Eighteen studies performed reliability assessments (table S4). The
median ICC varied from 0.84 (0.65 - 0.94) for inter-reader, and 0.92 (0.55 -
0.97) for intra-reader reliability.”®®" One small study®® compared the intra-
reader reliability with probes of 18 and 22MHz, and found them to be similar.
Inter- and intra-rater reliability was rated GREEN. No studies evaluated test-

retest reliability.

Discriminatory capacity across different participants groups

Thirty-four studies compared ultrasound-measured thickness in SSc
patients vs controls (table 2). Thickness was higher in SSc patients than in
controls, at group level, in almost all Rodnan sites (MRRS=1) and in all
studies. Six studies reported on the ultrasound-measured thickness of
clinically unaffected skin (mMRSS=0) and all found it to be thicker in patients
than in controls, at least in some Rodnan sites 3**/ 4920535960 Ty stydies
identified that dermal thickness decreased as the clinical phase progressed
from oedematous to the atrophic phase.***° Therefore this property was rated
GREEN for thickness.

Sensitivity to change
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25-28

Four studies reported change over time. In these studies

ultrasound dermal thickness decreased and patients became more similar to
the control population between the first and the fourth year of follow up.??®
None of the studies made comparisons with mRSS nor did they use
appropriate statistical methods to evaluate sensitivity to change (e.g., effect
size of standardized response mean). Following synthesis of the results and

risk of bias, this domain was rated AMBER for sensitivity to change.

Clinical trial discrimination and threshold of meaning

Two small studies investigated the impact of two interventions:
photochemotherapy®® and bosentan.*! Photochemotherapy was associated
with a significant decrease in ultrasound-measured dermal thickness.
Bosentan treatment determined only a slight but not significant trend towards
improvement of this parameter, from week 0 10 24, despite a statistically
significant improvement in mRSS. Both studies had a small sample size and
used very limited and questionable statistical analyses. This measurement
property was rated AMBER.

A single study®® reported threshold of meaning. An ultrasound-
measured thickness cut-off value of 7.4mm (sensitivity 77.4% and specificity
87.1%), was found as the minimum difference distinguishing normal from
scleroderma skin, when using a composite measure of the sum of total skin

thickness of five skin sites. This measurement property was rated AMBER.
Results regarding SOMP table for thickness are summarized in table 2.
ECHOGENICITY

Study characteristics
Eleven studies, published between 1996 and 2020, evaluated
echogenicity (table 1). Seven were observational and cross-sectional, and 4

25215961 or due to an

investigated sensitivity to change over time
intervention.®® In total, 476 SSc patients (~87% female and ~50% with a

limited form) were evaluated. Seven studies had a control group. Cases were
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defined according to the 1980 ARA criteria in 8 studies, and 2013
EULAR/ACR in 2 and both in one study (table S2).

Description of image acquisition and analysis

All studies evaluated echogenicity together with thickness, with or
without stiffness (table S3). The use of a linear probe, with frequencies from
18 to 20Mhz was reported in all studies apart from 3 which did not provide
probe details.?*%*% The ultrasound brand and system were mentioned in all
studies, but one.®
Five studies (45.5%) reported that the sonographer was blinded for the mRSS
(table S4). Only 1 study mentioned the sonographers’ experience with
ultrasound.®? Four studies (36.4%) gave data regarding time of the day of the
ultrasound assessment and none reported on temperature.?’3%>*%9
The quality criteria for image acceptance demanded a clear echo definition of
the interfaces between the epidermis, dermis, and subcutis by A-mode
ultrasound and of the echogenicity of the layers of interest, by B-mode (table
S3). All studies assessed skin sites corresponding to Rodnan skin sites, or at
least in same body area, although the exact definition of landmarks for each
site varied.
Six (54.5%) studies evaluated epidermis and dermis, 2 (18.2%) studies

304784 and 1 (9%) study evaluated all three layers.*

focused on the dermis
Two studies did not define which skin layers were evaluated (table S3).
Echogenicity. was reported in a quantitative scale, except for one study*?
which used a semiquantitative scale. Most of the included studies (72.3%)
measured this domain in a scale graded from 0 (black) to 255 (white) pixels,
in a selected region of interest.?®?35%¢55¢ pifferent software applications were
used to this purpose. A low value is taken as indicative of high water content,
suggesting oedema, and increased echogenicity as suggestive of fibrosis.
Two other studies have applied a 0-100 scoring system.3%%2

In general, it is not clear whether image analysis was performed during
ultrasound evaluation or later. Four studies reported on whether readers were

blinded to the clinical information during image analysis and scoring.?®2%3247

Feasibility
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None of the studies included reported the time needed for image

acquisition or analysis.

Inter-, Intra-rater and test-retest reliability

Four studies reported reliability assessments for ultrasound-
echogenicity of the skin (table S4). Two studies (one® of them high risk of
bias) reported ICCs of 0.92 to 0.98, for inter-reader reliability.?”**> In 1 study,
inter-reader reliability was not satisfactory (ICC <0.75).%
Two studies with low-risk of bias evaluated intra-reader reliability
demonstrating ICC values ranging from 0.648 to 0.88, depending on skin
sites.?”*’ Therefore, following synthesis of the results and risk of bias, inter-
and intra-rater reliability was rated AMBER. None of the studies performed
test-retest reliability.

Convergent validity against mRSS, skin biopsy, and other constructs

The validity of ultrasound-echogeriicity against mRSS was evaluated in
six studies and confirmed in four, by demonstration of a low to moderate
correlation with local site-specific mRSS.3° 2834 A study investigated
ultrasound-echogenicity against features of skin biopsy (collagen content),
with negative results.?®* In another study, the authors reported significant
correlation between changes in extracellular matrix production in vitro and
concomitant changes in ultrasound echogenicity over time.”® Construct
validity against skin mRSS and biopsy was rated GREEN and AMBER,

respectively.

Discriminatory capacity across different participants groups

The comparison of skin ultrasound echogenicity in patients vs controls
was the object of 7 studies (table 3). In all of them the groups differed
significantly in almost all skin sites assessed.®>*®” One recent study found
dermal echogenicity to be increased in clinically unaffected skin sites
(MRSS=0) of SSc patients compared to controls.*” One study including
patients in early disease stages found an inverse correlation between skin
echogenicity and thickness, at the 5 sites evaluated.”® This measurement

property was rated as GREEN.
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Sensitivity to change

Four studies evaluated sensitivity to change over time and all identified
significant increases of echogenicity in five skin areas over one year of follow-
up.?°?83% None of the four studies made direct comparisons with mRSS and
statistical analysis of sensitivity to change was limited and questionable. This

measurement property was rated AMBER.

Discrimination and threshold of meaning

In a single small study, including 13 SSc patients, photochemotherapy
was associated with a significant increase of ultrasound echogenicity after
treatment.*® This measurement property was rated AMBER.
No threshold of meaning has been reported.

Results regarding SOMP table for echogenicity are summarized in table 3.
STIFFNESS

Study characteristics

Sixteen studies, published between 2010 and 2020, evaluated
stiffness, and all, but one®, were observational and cross-sectional (table 1).
In total, 478 SSc patients (~92% female and ~50% with a limited form) were
evaluated. Twelve studies had a control group. Cases were defined according
to the 1980 ARA criteria in 8 studies, the 2013 ACR/EULAR classification

criteria in 7, and both criteria in one study (4.4%).

Description of image acquisition and analysis

Seven studies assessed both stiffness and thickness.3%3%:39:40:47,5567
Ten studies employed shear-wave elastography and six used compression
elastography (table S3). Most studies used linear probes, with frequency
ranging from 6.4 to 18MHz. In three studies, a standoff gel pad was used to
provide an acoustic interface to prevent local artefacts.®®’® The remaining
mentioned the use of a generous layer of gel to maintain a minimal

compression of the probe to the skin.
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Nine (56.3%) of the studies reported that sonographers were blinded to local-
mRSS when performing image acquisition, and 7 (43.4%) stated that
sonographers had previous experience with musculoskeletal ultrasound (table
S4). Two studies gave data regarding the setting conditions, in particular room
temperature and/or time of the day.3*®

All, but one study,” performed elastography in skin Rodnan sites, but the
number of sites evaluated varied from 2 (forearms and fingers)™ to all 17
Rodnan sites.**®” The landmarks for each skin assessment site varied. Only
one study evaluated the peri-oral region.”® Six (37.5%) studies evaluated
epidermis and dermis and 2°°°° evaluated only the dermis. Eight studies
(50%) did not specify the skin layers examined. Studies used different
dedicated softwares and machine models, although most of them provided a
color-graded elastogram superimposed on the B-mode image.

Elastography was described in a quantitative or in a semi-quantitative color

SCale35,68,71-73

(table S3). Quantitative values were reported in different units
across studies, i.e., meters per second, m/s; elastic modulus in Kilopascal,
kPa; or global percentage of hardness.

There was considerable underreporting regarding the methodology used in
the scoring system. Few studies detailed the size and shape (round or
square) of the region of interest (ROI). The number of images scanned per
site, the number of measurements per image and the exact position of the
ROIs inside the elastogram was heterogeneous or unreported in many

studies.

Feasibility

Only one study reported the time needed for image acquisition and
analysis as being about 2 minutes per skin site.”* Therefore, this property was
rated AMBER.

Inter-, Intra-rater reliability and test-retest reliability

Nine studies reported reliability assessments (table S4). The ICCs
varied from 0.72 to 0.97 for intra-reader, and 0.7 to 0.987 for inter-reader
reliability. 29324047.67.68.70.7L74 Tharefore, stiffness was rated GREEN for this

measurement property. No studies reported test-retest reliability.
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Convergent validity against mRSS, biopsy and other constructs

Ultrasound-stiffness validity against mRSS was assessed in 9 studies
and confirmed in 6 (table 4). Stiffness showed a moderate to strong positive
correlation with local site-specific mRSS. Construct validity against skin
histological findings, showed conflicting results in 2 studies.***’ In 1 of the
studies no clear correlation could be established between histological skin
thickness and ultrasound skin stiffness.”> One study found that both
ultrasound stiffness and local mMRSS correlated strongly with histological
dermal collagen content.*” Construct validity against mRSS and biopsy was
rated GREEN and AMBER, respectively.

One study evaluated the correlations between ultrasound stiffness and
nailfold videocapillaroscopy patterns in 20 SSc patients.>® The late pattern
(n=12) was independently associated with increased stiffness.

Discriminatory capacity across different participants groups

The comparison of stiffness between patients and controls was the
object of 13 studies. Ultrasound stiffness was found to be higher in SSc
patients than in controls in almost all Rodnan sites, in 12 studies. In 1 study
there was no differences in elastography strain ratio at the forearms and
fingers, between 31 SSc patients and 19 controls.> Patients with SSc had
stiffer skin compared to controls even in areas of clinically unaffected skin i.e.,
local Rodnan score of zero.**®®’ This measurement property was rated
GREEN.

Sensitivity to change

A single longitudinal study showed that skin stiffness decreased
significantly and differently in almost all Rodnan skin sites, in 21 SSc patients
as well as in 15 controls, over 5 years of follow-up.?® This demonstrated a
higher sensitivity to change over time than mRSS.* The authors did not
perform statistical subgroup analysis nor did they report standardized

response mean. On this basis, this property was rated AMBER.

Discrimination and threshold of meaning
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No studies have reported clinical trial discrimination or threshold of

meaning. This was rated WHITE.

Results regarding SOMP table for echogenicity are summarized in table 4.
Discussion

This SLR summarizes the measurement properties of three skin
ultrasound and elastography candidate outcome domains - thickness,
echogenicity, and stiffness - and informs the direction of future work
necessary to endorse them as outcome domains for the assessment of skin
pathology in SSc. None of these domains fully satisfies the OMERACT OFISA
criteria, although the unmet needs vary between them.

The synthesis of available evidence underlying the ratings, comprising
quality and quantity of studies, consistency of resuits, and performance of the
ultrasound outcome domain across measurement properties, favours
thickness as the outcome with more robust support. Studies demonstrated
promising data concerning its construct validity against mRSS, positive results
when direct compared with histologic skin thickness (in 2 studies*®*’) and
good to excellent inter- and intra-reliability. Stiffness demonstrated convergent
validity against mRSS, good reliability (with ICCs often >0.75, for inter- an
intra-rater reliability) as well as cross-sectional construct validity and some
evidence (a single study®’) for sensitivity to change against histological
findings. Convergent validity of echogenicity against skin biopsy showed
inconclusive data; and inter- and intra-rater reliability needs further studies to
draw definite evidence. The main knowledge gaps shared by the three
candidates that need to be addressed moving forward are related to feasibility
and discrimination, i.e., test-retest reliability, sensitivity to change,
discrimination and thresholds of meaning.

Feasibility is an area of weakness shared by all 3 ultrasound and
elastography domains. Ultrasound is well accepted by patients and ultrasound
machines are widely available to rheumatologists in European countries. ">
In addition, skin ultrasound may require minimal training to experienced
sonographers. However, the time needed for image acquisition and analysis,
the dedicated ultrasound software that are needed as well as their costs and

technical demands were underreported in the published studies. The potential
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advantages and limitations of ultrasound examination in a reduced number of
body areas has not been assessed.

Evidence for convergent validity against mRSS for the 3 ultrasound

domains was derived, mainly, from low-risk bias studies with consistent
findings. However, some authors argue that ultrasound outcome domains
may actually reflect properties of the skin different from those assessed by the
currently validated mRSS, rendering their direct comparisons questionable.”
It is important to note that almost all studies included patients with established
disease, with mean disease duration of = 4 years. The evidence based on
convergent validity and responsiveness involving subgroups of patients with
different cutaneous forms (limited vs diffuse), different clinical (oedematous vs
fibrotic vs atrophic) and time phases (pre vs early vs established) is scarce
precludes separate analysis at this point.?®3*>° it is important that future
research addresses the performance of uitrasocund measurements in the
different disease subsets.
Almost three quarters of the studies used a case-control design and
underreported data on enrolment, which may result in overoptimistic
estimates of diagnostic accuracy. Furthermore, it is important to note that if
ultrasound is to be used to aid early diagnosis, normality reference data for
the relevant anatomical sites Is required.

Two candidate ultrasound outcome domains (thickness and stiffness)
have been reported to be reliable, with often ICC >0.75 for inter-reader and
>0.85 for intra-reader. However, about one third of the published studies used
mixed populations (combining SSc patients and controls) to provide reliability
results (table S6).

Another area of weakness of all candidate outcomes is discrimination,
in particular the absence of evidence for test-retest reliability and sensitivity to
change. The threshold of meaning is also of crucial importance, if these
ultrasound domains are to serve as outcome measures in future clinical trials:
in order to have an acceptable measurement error any given measurement
must provide smallest detectable change that is smaller than the minimally
important difference.?*

Contextual factors have been relatively overlooked in the published

studies and their importance has been recently highlighted by EULAR
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recommendations.?® The potential effects of either ambient conditions (room
temperature, time of the day) or patient conditions (age, gender, smoking,
skin temperature, menopausal status..) on skin ultrasound outcome domains,
need to be clarified before they can be ignored.

In summary, the measurement properties of the 3 candidate outcome
domains to assess skin involvement in SSc show promising quality, despite a
relevant number of knowledge gaps. However, underlying this evidence
synthesis, and questioning its accuracy, is the remarkable heterogeneity and
lack of information in a variety of technical aspects that may have decisive
impact on the conclusions. These include i), probes’ frequency, ii) number and
precise definition of skin sites assessed, iii) skin layers evaluated, iv) scoring
system (i.e., number of images scanned per site, number of measurements
per image and position of ROIs within the image), and v) blinding during
Image acquisition and analysis. All these aspects hinder direct comparisons of
studies and undermine their external validity, thus requiring further and
harmonized investigation. In particular, we emphasize that the evaluation of
the methodological quality (risk of bias) of the studies did not include the skin
layers evaluated. However, we recognize that this is a crucial aspect that
needs standardization. The use of higher frequency probes (at least 18MHz)
will allow the separate evaluation of the skin layers and this should be
reported, to address diiferences in the involvement of dermis and hypodermis
layers.** Finally, the recent development of a SSc-specific patient-reported
outcome instrument for assessing skin involvement will enable future
investigators (0 examine the convergent validity between ultrasound
assessment of skin in SSc and how patients ‘feel’ and ‘function’.”” Also, a
crucial future step to define sensitivity to change and clinical validity of skin
ultrasound would be its inclusion as a secondary or exploratory endpoint in
the context of randomised controlled trials.

Standardization of procedures and reporting seems, therefore, a crucial
step to further develop and consolidate the contribution of ultrasound skin
evaluation in SSc, together with research focused on the knowledge gaps
identified herein. This SLR therefore provides a substrate for future

recommendations and evidence-based research.
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Figure 1 - PRISMA flow diagram of the SLR.
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l_)
D
° !
Reports excluded (n=12):
Reports assessed for eligibility Participants (n =2)
(n=58) Intervention (n =6)
Outcome (n=3)
Study type (n=1)

Studies included in review
(n=46)




Journal Pre-proof

Table 1 - Study design, demographics and main characteristics of the studies on skin ultrasound in SSc per ultrasound

domain.
Followup ; Lim/ L
; h Patients/ Female ; Probe . Skin sites .
Study Country  Design (time or % Dif Scoring system Comparison
intervention) Controls n n MHz evaluated
THICKNESS
Serup J 1985 Denmark S:rift;l R 22/22 100 22 15 MHz Quantitative (mm) Finger Ring size
25
Akessan A 1986 Sweden Cohort 6,12,18mo" 40/10 b 22/18 10 MHz Quantitative (mm) Finger -
Myers S 19867 USA ggri?ol - 8/11 100 8 25MHz  Quantitative (nm)  Forearm X-ray
Case- Forehead
Seidenari S 1996° 5 18/20 100 8/10 20MHz  Quantitative (mm)  Cheek 5
Italy control Hand
Case- Chest Skin biopsy
Ihn H 1995> Japan control - 79/81 88.6 79 30 MHz Quantitative (mm) Forearm, (chest,forearm,
Hand hand)
Forearm
. 45 Case- 25/12 L
Scheja A 1997 St il - 41/41 56.1 M 20 MHz Quantitative (mm) ;!i?]r;cé : -
Chest
Brocks 20007 Denmark ~ C35€ 20120 100 16/4 20MHz  Quantitative (mm)  Foream MRSS
control Hand
Finger
80 Case- - Skin biopsy
Hesselstrand R 2002 Sweden contd 1-3y 11/6 72.7 5/6 20 MHz Quantitative (mm) Forearm (forearm)
Moore T 2003 UK gfnstfol - 39/34 795 2613 22MHz  Quantitative (mm) 17 mRSS mRSS
27 Case- - Chest
Akesson A 2004 Sweden e~ 2-4y** 16/16 87.5 8/8 20 MHz Quantitative (mm) i mRSS
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Hand
Finger
Pre and after Forearm
Hashikabe M 2004% Japan Cohort ﬁg?;;;hem"t 13/10 923  6/7  20MHz  Quantitative (mm)  Hand mRSS
(16.3d) Finger
Upperars mRSS
Kissin 2006% USA Case - 30/12 83.3 10/20 10 MHz  Quantitative (mm) holcallls Durometry
control ’ Hands
Fingers
Chest
Forearm
Hesselstrand R 2007** Sweden  Cohort - 97/- - 68/29 20MHz  Quantitative (mm)  Hand -
Finger
Leg
Chest
Forearm
Hesselstrand R 2008°° Sweden Cohort - 106/- 81.1 76/30 20 MHz Quantitative (mm) Hand mRSS
Finger
Leg
. 34 - X mRSS
Kaloudi 2010 Italy Case - 70/20 88.6 61/9 6-18 MHz  Quantitative (mm) Fingers HAQ
Open-
label, Pre and post Ec;rnedasrms
Kuhn A 2011% Germany  non- bosenta, 10/- 58.9 4/10  20MHz  Quantitative (mm) o CF -
compara 24w Le gg
) tive
Geso L 2011* Italy Cohort - 22/- 57.1 14/8  6-18 MHz  Quantitative (mm)  Finger -
Forehead
Chest
Hassan | 2012% India Caser - 15/15 98 NR  20MHz  Quanitative (mm) ~ Foream -
Finger
Leg
Chest
Forearm
42 Case- 26/14 A mRSS
Sedky M 2013 Egypt control - 40/40 95 5 5-12 MHz  Quantitative (mm) gianr;; ) Severity score
. Leg
Sulli A 2013* Italy Case- - 57/37 89.5 43(14 18 MHz Quantitative (mm)  Finger mRSS
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control NVC
FBP
Chest
Forearm mRSS
Hesselstrand R 20157 Sweden Cohort 1y follow-up 751- 83 42/33 20 MHz Quantitative (mm) Hand Serum-COMP
Finger HAMIS
Leg
Hou Y 2015%" China E::t?ol : 15/15 66.6 0/15 6-18 MHz Quantitaive (nm) 17 mRSS mRSS
. 32 . Case- - 17 Rodnan
Liu H 2017 China control - 28/15 78.6 0/28 6-18 MHz  Quantitative (mm) sites mRSS
Sousa-Neves J 2017% Portugal g?:ti)l - 48/45 NR 42/6 15MHz  Quantitative (mm)  Fingers E‘E’alss
Sulli A 2017% Italy Case- = 50/50 895 500 18MHz  Quantitative (mm) 7 Rodnan
control sites
Chest,
. 38 . Case- - Forearm mRSS
Li H2017 China @il - 31/31 87 2714 18 MHz Quantitative (mm) Hand, Finger EUSTAR-DAI
Leg
_ Zygoma
Ruaro B 2018% Italy Case . 62/62 90.3  45/17 18MHz  Quantitaive (mm)  Hands MRSS
control N Skin BP
Fingers
Chest
39 . Case- - Abdomen
Yang Y 2018 China e - 37/37 86.5 14/23 4-15MHz  Quantitative (mm) [ ——" mRSS
Fingers
83 Case- 18 and - 17 Rodnan
Ruaro B 2019 Italy control - 8/5 87.5 8/0 29MHz Quantitative (mm) sites mRSS
mRSS
Ruaro B 2019% Italy Cees= 63/63 : 40/23 18MHz  Quantitaive (nm) L/ Rodnan NVC
control sites
PST
58 Case- - 17 Rodnan
Ruaro B 2019 Italy conth 48/48 83.3 48/0 18 MHz Quantitative (mm) sites
15 MHz mRSS
Chen C 2020% China Cee 44122 68.2 22022 Quantitative (mm)  ands Skin biopsy
control Fingers
(13SSc)
55 . Case- 12 MHz - Hand mRSS
Chen Y 2020 China control . 31/19 67.8 NR Quantitative (mm) Forearm SAM
Flower V 2020" UK Case- . 53/15 88.7 45/8 18 MHz Quantitative (mm) Abdomen mRSS




J al Pre-proof

Naredo E 2020™

Daoudi K 2020*
Vanhaecke A 20217

ECHOGENICITY
Seidenari S 1996%

Scheja A 1997%°

Hesselstrand R 2002%°

Akesson A 2004”

Hashikabe M 2004*

Hesselstrand R 2007**

Hesselstrand R 2008%°

Spain

NL

Belgium

Italy

Sweden

Sweden

Sweden

Japan

Sweden

Sweeden

control

Case-
control

Case-
control

Case-
control

Case-
control

Case-
control

Case-
control

Case-

control

Cohort

Cohort

Cohort

1-3y

2-4y*

Pre and after
photochemot
herapy
(16.3d)

21/6

12

59/44

18/20

41/41

11/6

16/16

13/10

97/-

106/-

80/42

83

100

92.3

6/5

17/5/
9

55/4

8/10

25/12
14

5/6

8/8

6/7

68/29

76/30

50 MHz

40 MHz

18 MHz

20 MHz

20 MHz

20 MHz

20 MHz

20 MHz

20 MHz

20 MHz

Quantitative (mm)

Quantitative (mm)

Quantitative (mm)

Quantitative (scale
0-255)

Quantitative (scale
0-255)
Quantitative (scale
0-255)

Quantitative (scale
0-255)

Quantitative (scale
0-100)

Quantitative (scale
0-255)

Quantitative (scale
0-255)

Forearm
Hand
Finger

Forearm
Hand, Finger

Finger

17 mRSS

Forehead
Cheek
Hand
Forearm
Hand
Finger

Forearm

Chest
Forearm
Hand
Finger

Forearm
Hand
Finger

Chest
Forearm
Hand
Finger
Leg
Chest
Forearm
Hand
Finger
Leg

Skin biopsy
(10SSc;10controls)

mRSS

Texture feature
analysis
Photoacoustics
(oxigenation
saturation)

Skin biopsy
(forearm)

mRSS

mRSS

mRSS
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Hassan | 2012%

Hesselstrand R 20157

Li H2017%®

Flower V 2020%

STIFFNESS

lagnocco A 2010™
Geso L 2011%
Cannao P 2014”°
Hou Y 2015%"
Grembiale R 2016*

Santiago T 2016™
Cildag S 2017
Liu H2017%

Zhang X 2017%°

India

Sweden

China

UK

Italy
Italy
Italy
China
Italy

Portugal
Italy
China

USA

Case-
control

Cohort

Case-
control

Case-
control

Case-
control

Case

Case-
control
Case-
control

Cohort

Case-
control
Cohort
Case-
control
Case-

_control

1y follow-up

15/15

75/-

31/31

53/15

18/15
22/-
6/6
15/15
20/-

26/17
40/-
28/15

41/30

98

83

87

100

57.1

100

66.6

80

88.5
70
78.6

NR

42/33

2714

45/8

8/10
14/8
NR
0/15
10/10

13/13
0/40
0/28

NR

20 MHz

20 MHz

6-18 MHz

18 MHz

18 MHz

6-18 MHz

6-13 MHz

4-9 MHz

10-18
MHz

9 MHz
15 MHz
4-9 MHz

6.4 MHz

Quantitative (scale
0-255)

Semi-quantitative
(iso,hypo,hyperech
ogenic)

Quantitative (scale
0-255)

Colour scale
Colour scale

Colour scale

Quantitative (SWV
in m/s)
Quantitative (global
% of hardness)
Quantitative (SWV
in m/s)

Color scale
Quantitative (SWV
in m/s)
Quantitative

Forehead
Chest
Forearm
Hand
Finger
Leg
Chest
Forearm
Hand
Finger
Leg
Chest,
Forearm
Hand, Finger
Leg
Abdomen
Forearm
Hand
Finger

Forearm
Fingers
Finger
Peri-oral
region

17 mRSS

Fingers

mMRSS (except
face)

Forearm

17 Rodnan
sites

Forearm

(surface wave Upper arm

mRSS
Serum-COMP
HAMIS

mRSS
EUSTAR-DAI

mRSS
Skin biopsy
(10SSc;10controls)

mRSS
RCS

mRSS
NVC

mRSS

mRSS
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speed in m/s)

39 . Case- Quant'itative . ;(A:Egz}'nen
Yang Y 2018 China control - 37/37 86.5 14/23  4-15 MHz (klliplgt;stlc moduli in Forearms mRSS
Fingers
_ Upperam
Aryan A 20187 Iran S:r?t?ol - 36/36 83.3 16/ 12 MHz Colour scale Forearm -
Finger
_ Quantitative (total mRSS
Chen C 2020% China S;ftfol 44122 833  22/22 4-15MHz  skin elasticity in Ei?]"‘;f 3 Skin biopsy
kPa) 9 (13SSc)
Chen Y 2020% China Case 31/19 c2el NN T12MHz  Quanttativei(Strain: SHand RES
control : ratio) Forearm SAM
Abdomen MRSS
Case- Quantitative (mean  Forearm e
Flower V 2020 UK 53/15 88.7 45/8 : Skin biopsy
control 14MHz SWE in KPa) Eiigi ) (10SSc;10controls)
Santiago T 2020% Portugal  Cohort 4.9 (0.4)y 2115 857 127 gmHz  Quantitaive (SWV  mRSS(except | oog
in m/s) face)
_ Quantitative
Sobolewski P 2020 Poland S:rifol - 40/28 85 20/11 5-18MHz (Young's modulus 20 RSS RSS
value in KPa)

Legend:

*the controls were not followed up.; **The interval between measurements were 1-2 years.
COMP, Cartilage Oligomeric Matrix Protein.
EUSTAR-DAI, European Scleroderma Trial and Research (EUSTAR) group Disease Activity Index;
HAMIS, Hand Mobility in Scleroderma

PST, plicometer skin test;
SWV, shear-wave velocity;
SAM, spectral angle mapper of Hyperspectral imaging; y, years; mo, months; w, weeks.

RCS, Raynaud Condition Score
RSS, classic RSS, 20 skin sites

NL, Netherlands

The ROI1-to-ROI2 strain ratio representing the degree of dermis stiffness in relation to the surrounding tendon or muscle was used for analysis.
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Table 2 - Summary of measurement properties for ultrasound studies evaluating thickness.

Truth Discrimination
Discrimination
Convergent | Convergent _ 5 capacity
Study ID Feasibility validity validity Irn;g 7 Intra- r-l:t}:;t across Sensitivity to Clinical trial Thre;)sfhold
against against reliabilit rater relidiit different change discrimination TEE
mRSS biopsy Y reliability Y participants 9
groups
Serup J 1985 +°1
Akesson A 1986 +1*
Myers S 1986 +* +°IT +°
Seidenari S 1996 +°

Ihn H 1995 +- -I FekiL
o1l

Scheja A 1997 + e ¥
Brocks 2000 +-° I

Hesselstrand R 2002 +/- e il

Moore T 2003 T e

Akesson A 2004 +/-7 - T ]

Hashikabe M 2004 T +!,
Kissin 2006

Hesselstrand R 2007

Hesselstrand R 2008

Kaloudi 2010

Kunhn A 2010 +°

Geso L 2011 +-T° +1*

Hassan | 2012

Sedky M 2013
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Sulli A 2013

Hesselstrand R 2015

Hou Y 2015

Liu H 2017

Sousa-Neves J 2017 T

Sulli A 2017 +

Li H2017 +-1

Ruaro B 2018 +

Yang Y 2018 +°1

Ruaro B 2019

Ruaro B 2019

Ruaro B 2019

Chen C 2020

Chen Y 2020 1

Flower V 2020

Naredo E 2020

Daoudi K 2020 T

Vanhaecke A 2021

Total available studies for 2 22 2 10 14 34 4 2 1
each property

Total studies available for 2 22 2 9 14 34 4 2 1
synthesis

Overall rating (RAGW) (put
on master checklist)

Provisional endorsement: needs additional feasibility, test-retest reliability, sensitivity to change, clinical trial discrimination and
Overall rating for instrument .
across properties threshold of meaning
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*No data whether design of the study hold all other factors constant except for the source of variability being examined and the statistic method used.

No data regarding cost of the ultrasound equipment or software, required training, time to image acquisition or analysis.

°No clear data about construct for change clear (either as a situation of change or an actual indicator of change); and, were the statistical methods
appropriate for the testing situations.

“No data stated for the time interval between testing, appropriateness for this and were if there were a proportion of people expected to change in one or both
groups? (Improvement or deterioration) and were hypotheses formulated regarding the anticipated mean differences in change scores between subgroups a
priori and were the statistical methods adequate for the hypotheses tested (relative efficiencies, pooled treatment effect sizes, standardized mean
differences).

°No data on whether measurements were conducted independently or if the design of the study held all other factors constant except for the source of
variability being examined or were the test conditions similar for the measurements? (e.g., type of administration, environment, instructions) were the correct
statistic used?

®No data regarding blinding of image acquisition and analysis; correlation between RSS and ultrasound-thickness rh0=0.36, p<0.001.

"No data regarding comparison with change of mMRSS and no statistical methods appropriate for the testing situation.

®No date regarding time interval between testing stated and appropriate; no statistical methods adequate for the hypotheses tested.

°No data regarding blinding of image acquisition and analysis.

No data whether measurements were conducted independently or if the design of the study held all other factors constant except for the source of variability
being examined or were the test conditions similar for the measurements and inter-reader correlation rho=0.59.

No data regarding patient selection, e.g., consecutive, or random sample patients enrolled, case-control avoided or avoid inappropriate exclusions.

2No data whether the anchor clearly related to the target domain of interest (i.e. good correlation between anchor and instrument) and analysis wasn’t done
separately for improvement and deterioration.

®Case-control studies.

*Studies reporting ultrasound-thickness of clinically affected skin in patients thicker than in controls.
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OMERACT Summary of evidence for measurement properties of thickness. Color designates quality of evidence: green=good methods used, use this evidence;

amber=some cautions but we will use this evidence. In the rating row, color designates overall evidence-based instrument rating for the core instrument set: green= at least 2

pieces of evidence with good methods and consistent findings of adequate or better performance; amber=in between green and red; red= inadequate performance in at least 1

study that used good methods, white=no evidence.

Arithmetic signs designate the performance of the instrument according to that study (for each measurement property studied): “+” adequate or better performance, “+/-”

equivocal performance, “-” less than adequate/poor performance.

Table 3 - Summary of measurement properties for ultrasound studies evaluating echogenicity.

Truth Discrimination
Study ID Feasibility Covr;i%ri?;nt cov%iiji?j " Inter-rater | Infra-rater Test- clz;acfr:lir:;g?:trgrsys Sensitivity to Clinical trial Threosfhold
against MRSS %?:;?/t reliability: reliability retest pgrltfifcl:ai:)?r:ts change discrimination meaning
reliability group

Seidenari S 1996 +
Scheja A 1997 + +*
Hesselstrand R 2002 +- +-*
Akesson A 2004 > -— A
Hashikabe M 2004 +* +°
Hesselstrand R 2007
Hesselstrand R 2008
Hassan | 2012 +
Hesselstrand R 2015
Liu H 2017
Flower V 2020
Total available studies for 6 2 3 2 7 4 1
each property
Total studies available for 6 2 3 2 7 4 1

synthesis




Rating (RAGW) (put on
master checklist)

Overall rating for instrument
across properties

Provisional endorsement: needs additional construct validity against biopsy, test-retest reliability, sensitivity to change, clinical trial
discrimination and threshold of meaning

! No data regarding patient selection, e.g., consecutive or random sample patients enrolled, case-control avoided or avoid inappropriate exclusions.

No data whether design of the study held all other factors constant except for the source of variability being examined and the statistic method used.

®No data whether the design and statistical methods adequate for the hypotheses to be tested.

“No data whether the criterion for change is considered an adequate gold standard OR is the construct for change clear or were the statistical methods appropriate for the

testing situations.

°No data stating time interval between testing stated and appropriateness; no statistical methods adequate for the hypotheses tested.
®ICC of two readers skin echogenicity classification was 0.608, p<0.001.

"Dermal echogenicity increased in clinically unaffected skin site in SSc compared with controls, at the finger, hand, forearm and abdomen.
8lcC for echogenicity 0.648-0.865.

OMERACT Summary of evidence for measurement properties of echogenicity. Color designates quality of evidence: green=good methods used, use this evidence;
amber=some cautions but we will use this evidence. In the rating row, color designates overall evidence-based instrument rating for the core instrument set: green= at least 2
pieces of evidence with good methods and consistent findings of adequate or better performance; amber=in between green and red; red= inadequate performance in at least 1
study that used good methods, white=no evidence.

Arithmetic signs designate the performance of the instrument according to that study (for each measurement property studied): “+” adequate or better performance, “+/-”
equivocal performance, “-” less than adequate/poor performance.
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Table 4 - Summary of measurement properties for ultrasound studies evaluating stiffness.

Study ID Truth Discrimination
Convergent | Convergent Inter- Intra- Discriminatory Threshold
Feasibility validity validity reliability reliability | Test-retest | capacity across Sensitivity to Clinical trial of
against against reliability different change discrimination -
mRSS biopsy participants 9
groups

lagnocco A 2010

Geso L 2011

Cannao P 2014

Hou Y 2015

Grembiale R 2016

Santiago T 2016 +-2

Cildag S 2017

Liu H 2017 +°

Zhang X 2017 +°

Yang Y 2018 +

Aryan A 2018 _ +

Chen Y 2020 - R




Flower V 2020

Santiago T 2020 +
Sobolewski,P 2020 + +

Total available studies 9 2 6 5 13 1
for each property

Total studies available 9 2 6 5 13 1
for synthesis

Rating (RAGW) (put on
master checklist)

Overall rating for
instrument across
properties

Provisional endorsement: needs additional feasibility, construct validity against biopsy, test retest rel
change, clinical trial discrimination and threshold of meaning

ability, Sensitivity to

*No data whether design of the study

held all other factors constant except for the source of variabmty being examined and the statistic method used.

No data regarding cost of the ultrasound equipment or software, required training, time for image acquisition or analysis.

*No data regarding patient selection, e.g., consecutive or random sample patients enrolled, case-control avoided or avoidance of inappropriate exclusions.

“No data whether the design and statistical methods adequate for the hypotheses to be tested.

*Studies reporting ultrasound-stifiness of clinically affected skin in patients stiffer than in controls.

OMERACT Summary of evidence for measurement properties of stiffness. Color designates quality of evidence: GREEN=good methods used, use this evidence;

amber=some cautions but we will use this evidence: In the rating row, color designates overall evidence-based instrument rating for the core instrument set: GREEN = at least

2 pieces of evidence with good methods and consistent findings of adequate or better performance; amber=in between GREEN and red; red= inadequate performance in at

least 1 study that used good methods, white=no evidence.

Arithmetic signs designate the performance of the instrument according to that study (for each measurement property studied): “+” adequate or better performance, “+/-"

equivocal performance, “-” less than adequate/poor performance.




