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Abst rac t
Introduction: Scleroderma (Sc) is a connective tissue disorder associated with internal organ involvement, increased 
mortality, and unknown pathogenesis. It has been found that the more extensive the skin involvement the more 
severe internal organ manifestations and increased disability. The Rodnan skin score (RSS) is one of the established 
methods to examine skin thickness among patients with Sc. Due to RSS limitations, for instance, lack of detection 
of subclinical changes, a new tool is needed for the evaluation of Sc. In recent studies, shear wave elastography 
(SWE) has been examined as a potential tool to assess skin involvement through the evaluation of skin strain.
Aim: To verify whether elastography is a reliable method to examine Sc progression and possibly provide one useful 
site to perform the examination – as an easy, cheap, and reliable examination tool.
Material and methods: Forty Sc patients were examined, and 28 healthy individuals were recruited for the control 
group. Among the patients and control group, skin thickness was assessed using the RSS and skin strain measure-
ments using elastography in 20 body locations.
Results: SWE in the right-hand finger can be treated as an important diagnostic indicator of the severity of Sc.
Conclusions: SWE is a reliable method for evaluating skin involvement among patients with systemic sclerosis 
(SSc). Right finger measurements correlate positively with Rodnan’s results and can be a predictor of the severity 
of SSc. This study found SWE to be a reliable method for examining SSc progression and possibly one useful site 
for the examination.
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Introduction

Scleroderma (Sc) is a connective tissue disease 
whose pathogenesis is still unknown. There are two 
main types of Sc, localized and systemic. Systemic scle-
rosis (SSc) consists of limited cutaneous systemic scle-
rosis (previously known as the CREST syndrome) and 
diffuse cutaneous SSc. Systemic sclerosis is associated 
with internal organ involvement and increased mortality. 
The classification of SSc is based on skin involvement [1]. 
Limited cutaneous systemic sclerosis (LcSSc) is associ-
ated with skin thickening distal to the elbows, distal to 
the knees, and/or face without trunk involvement. Dif-
fuse cutaneous systemic sclerosis (DcSSc) is associated 
with skin thickening that can involve skin proximal to 

the elbows, proximal to the knees, face, and/or trunk. 
Internal organs usually affected by scleroderma are the 
gastrointestinal tract, lungs, kidneys, skeletal muscle, and 
pericardium [2–4].

The Rodnan skin score (RSS) is a method of assess-
ing skin involvement among patients with SSc. The RSS 
is an established method of examining skin thickness in 
SSc patients. It is a semiquantitative, non-invasive, rapid 
method to measure skin thickness with high reproduc-
ibility [5]. Thus, it is widely used both in clinical trials and 
clinical practice. Previous studies have investigated the 
relationship between the incidence of disease-related 
events or the presence of organ involvement and skin 
thickness that was quantitatively evaluated [6–10]. Skin 
thickening is a characteristic feature of SSc. The more 
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extensive a patient’s skin involvement is the more severe 
the internal organ manifestation(s), the poorer the prog-
nosis, and the greater the disability.

The modified Rodnan Skin Score (mRSS), introduced 
in 1979, is a common method for assessing the sever-
ity of skin involvement [6]. It is a palpation-based, semi-
quantitative score used in the quantitative estimation 
of skin hardening measured in 17 areas of the body, con-
trary to classic RSS (cRSS) in which 20 body areas are 
checked. Each examined area is assessed on a 4-point 
scale from 0 – representing no skin hardness, to 3 – rep-
resenting severe skin thickness (inability to make the skin 
fold between two fingers). Each area is added together 
to give an overall result ranging from 0 (no hardening) to 
51 (severe hardening of the skin in all 17 areas). The RSS 
score divides the severity of skin lesions into: mild (1–14), 
moderate (15–29), severe (30–39), or terminal (≥ 40).

The mRSS is an established factor influencing the 
prognosis due to its accurate reflection of skin biopsy 
thickness in SSc [6]. Studies have shown that the severity 
of skin hardening assessed using the mRSS was predic-
tive for disease outcome [7]. The limitations of using the 
mRSS include examiner’s experience and skills as well as 
difficulties in standardization among different centres [11]. 
Moreover, the mRSS may not be sensitive enough to de-
tect small but relevant (subclinical) changes in skin thick-
ness over time [12]. Nevertheless, the mRSS is preferred 
among clinicians as a non-invasive and relatively cheap 
method [11]. Due to the limitations of the mRSS, an ob-
jective and sensitive method of skin assessment in SSc is 
still under investigation. Several non-invasive methods for 
quantifying skin involvement in SSc have been described 
over the past 10 years [11–13]. Ultrasound (US) skin imag-
ing, high-frequency B-mode ultrasonography, ultrasound 
shear-wave elastography (US-SWE), acoustic radiation 
force impulse (ARFI) imaging, and magnetic resonance 
imaging are frequently considered tools for the skin as-
sessment in SSc. However, ultrasound has yet to be con-
firmed as a reliable method of skin involvement imaging in 
SSc. It is also required to establish the standard operating 
procedure of patient examination to make sure that the 
new tool is quick, repeatable, and easy to learn.

Aim

This study aims to verify whether elastography is 
a reliable method to examine SSc progression and pos-
sibly provide one useful place to examine to be an easy, 
cheap, and reliable examination tool.

Material and methods

The study was conducted between 31 October 2018 
and 23 February 2019, at the Clinic of Dermatology, Cen-
tre of Postgraduate Medical Education, Central Clinical 
Hospital of the Ministry of the Interior, Warsaw, Poland. 

Study participants

Forty patients with a confirmed diagnosis of systemic 
sclerosis based on the ACR and EULAR classification cri-
teria were recruited to participate in the study (either 
with dSS or lSSc) [14]. Out of the 40 patients with SSc,  
34 (85.0%) patients were female (F) and 6 (15.0%) were 
male (M); F/M ratio was 4:1. The age of the patients 
ranged from 23 to 77 years (mean: 44.4 ±13.5 years). 
Twenty-nine (72.5%) of the patients were diagnosed with 
lSSc and 11 (27.5%) with dSSc. The median time since the 
diagnosis of SSc was 9 years (range: 0–30 years). The con-
trol group consisted of 28 healthy sex- and age-matched 
individuals, 23 (82.1%) of them were female and 5 (17.9%) 
were male, aged between 22 and 71 years old (mean: 44.9 
±14.4 y.o.). All examined SSc patients (n = 40; 100.0%) and 
25 (89.3%) healthy controls used their right hand as the 
dominant extremity. In both groups, the co-existence of 
other autoimmune or skin diseases was used as an exclu-
sion criterion to eliminate the influence of other phenom-
ena on the elastography results. The study protocol was 
approved by the Institutional Bioethics Committee. All pa-
tients and healthy volunteers provided informed consent 
for participation in the study.

Skin assessment 

The skin thickness in patients with SSc was ex-
pressed using the classic RSS based on the palpation of 
20 cutaneous sites: face, neck, anterior chest, abdomen, 
upper and lower back, right and left upper arm, right and 
left forearm, right and left hand, a finger of the right and 
left hand, right and left thigh, right and left leg, right and 
left foot. All the anatomical sites used for the RSS evalu-
ation were also assessed with SWE. Each anatomical site 
was examined separately, with the individual in a supine 
or prone position. Ultrasonographic scans were obtained 
with a Toshiba Aplio i900 ultrasound machine (2019 Ma-
laysia) using a 5–18 MHz transducer. Elastography results 
(strain) were obtained and expressed as previously de-
scribed by Sobolewski et al. [15].

Statistical analysis

In order to analyse the relationships between the 
studied variables, multiple regression and cluster analy-
sis (k-means method) were used. The level of statistical 
significance was set at p < 0.05. All calculations were 
performed using Statistica version 13.3 software (2017; 
TIBCO Software Inc.).

Results

Upon analysis, the existence of 3 clusters of examined 
body areas emerged within the SSc group and control group. 
Descriptive statistics and distances from the centre of the 
cluster are presented in the Tables 1–4 and Figures 1 and 2.
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The highest mean results in the control group were 
obtained in the right and left foot and leg. The highest 
mean test results in the study group were obtained in the 
distal parts of the body: fingers of the right and left hand, 
right and left hand, and the right and left foot, which is 
consistent with tests performed by other methods. 

The regression analysis showed that the elastography 
examination in the right-hand finger and right forearm had 
a statistically significant influence on increased Rodnan scores 
(carried out by the first researcher). The regression analysis 
also showed that elastography in the right-hand finger and 

left hand had a statistically significant influence on increased 
Rodnan scores (when performed by the second researcher).

Discussion

During the last decade, the applicability of US testing 
among patients with SSc has been researched to find 
a tool for the assessment of skin involvement [15–24]. 
Several studies have shown that US-SWE can be used 
to quantitatively characterize the degree of skin involve-
ment among patients with systemic sclerosis [15, 20, 21].

Table 1. Cluster elements and distances from the centre 
of the cluster; table for the three separate clusters in the 
SSc group                                                                                                                                       

Site Cluster elements number 1 (highest average 
results of elastography) and distances from 

the centre of the cluster
Focus has 6 variables

Distance

Right hand 14.01380

Right-hand finger 20.89485

Left hand 17.48423

Left-hand finger 13.44973

Left foot 17.27856

Right foot 19.99410

Site Cluster elements number 2 (lowest 
average results of elastography) and 

distances from the centre of the cluster
Focus has 10 variables

Distance

Face 9.02470

Neck 7.77815

Anterior chest 9.76416

Abdomen 7.80188

Upper back 6.22601

Lower back 9.73076

Right upper arm 16.32964

Left upper arm 9.91239

Left thigh 7.89423

Right thigh 6.67600

Site Cluster elements number 3 (average mean 
results of elastography) and distances 

from the centre of the cluster
Focus has 4 variables

Distance

Right forearm 16.34560

Left forearm 13.09891

Left leg 14.82378

Right leg 16.00793

Table 2. Cluster elements and distances from the centre 
of the cluster; table for the three distinguished clusters in 
the control group

Site Cluster number 1 elements (average mean 
results of elastography) and distances 

from the centre of the cluster.
Focus has 6 variables

Distance

Right forearm 5.714451

Right hand 3.992964

Right-hand finger 4.497054

Left forearm 5.144383

Left hand 4.650279

Left-hand finger 5.507839

Site Cluster number 2 elements (highest 
average results of elastography) and 

distances from the centre of the cluster
Focus has 4 variables

Distance

Left leg 6.013741

Left foot 6.259103

Right leg 7.105860

Right foot 6.770942

Site Cluster elements number 3 (lowest 
average results of elastography) and 

distances from the centre of the cluster.
Focus has 10 variables

Distance

Face 3.672430

Neck 4.645156

Anterior chest 6.587325

Abdomen 4.334200

Upper back 4.713717

Lower back 4.029976

Right upper arm 6.146643

Left upper arm 4.171013

Left thigh 3.816266

Right thigh 3.580678
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Li et al. suggested the feasibility of assessing skin 
involvement in SSc with skin ultrasound imaging. This 
study showed that echogenicity of skin correlated with 
skin thickness and the local mRSS. The results obtained 
by Li et al. [22] indicated that the ultrasound-measured 
skin thickness parameter was more sensitive than the 
mRSS in detecting skin involvement in SSc patients.

Other studies have suggested that US examination of 
only one anatomical site such as the proximal phalanx of 
the finger might reflect local skin involvement assessed 
by palpation and the overall skin involvement [16, 22–24].

According to Naredo et al. [24], US examination allows for 
a detailed image of the skin layers allowing for a reliable mea-
surement of dermal thickness in SSc patients. These authors 
have suggested that ultra-high-frequency ultrasound was 
a tool that could provide a precise identification and mea-
surement of dermal thickness. Moreover, they reported that 
dermal thickness in the finger is significantly higher in pa-
tients with SSc than the controls while in the forearm it was 
significantly lower in patients with SSc than the controls [24].

We argue that because mRSS may not be sensitive 
enough to detect slight but relevant changes in skin 
thickness over time [12], SWE should at least comple-
ment if not be a substitute for the mRSS.

Conclusions

In this study, the authors have shown that elastogra-
phy is a useful method for the measurement of skin thick-
ness in patients with SSc. The mean values obtained in 
the areas indicated in the results’ description allow for 
the conclusion that these areas of the body are the most 
important for diagnosing and determining the severity of 
negative symptoms. Moreover, elastography is a reliable 
method of determining skin involvement in patients with 
systemic sclerosis and the results correlate positively to 
the RSS. That correlation was confirmed by the results in-
dicating that both researchers showed a significant influ-
ence of elastography on the Rodnan test when examining 
the finger of the right hand. These results in the right-hand 

Table 3. The regression analysis of the results of elastography examination in different areas of the body in correlation 
to the results of the Rodnan skin score (researcher no. 1)

N = 38 R = 0.93874006 
R2 = 0.88123290 

Corrected R2 = 0.74150690
F(20.17) = 6.3069, p < 0.00017 

Standard error of estimation: 2.5700

b* Standard error 
of b*

b Standard error 
of b

t(17) p

Constant –5.29949 2.451941 –2.16134 0.045227

Face 0.033851 0.165572 0.01401 0.068515 0.20445 0.840428

Neck –0.122866 0.212332 –0.06772 0.117037 –0.57865 0.570413

Anterior chest 0.095145 0.222547 0.03704 0.086634 0.42753 0.674360

Abdomen 0.143297 0.190518 0.08454 0.112405 0.75214 0.462252

Upper back 0.060373 0.132623 0.04935 0.108418 0.45522 0.654709

Lower back –0.080656 0.170372 –0.03497 0.073872 –0.47341 0.641943

Right upper arm 0.044530 0.149735 0.01250 0.042023 0.29739 0.769771

Right forearm 0.441376 0.181627 0.10763 0.044288 2.43012 0.026461

Right hand –0.242195 0.245047 –0.04782 0.048385 –0.98836 0.336834

Right-hand finger 0.570386 0.216266 0.09330 0.035376 2.63743 0.017286

Left upper arm –0.096051 0.201625 –0.04164 0.087416 –0.47639 0.639865

Left forearm –0.264756 0.273975 –0.06845 0.070838 –0.96635 0.347417

Left hand 0.324414 0.260706 0.06205 0.049862 1.24437 0.230248

Left-hand finger 0.098181 0.244009 0.02068 0.051400 0.40236 0.692430

Left thigh –0.191410 0.191022 –0.13032 0.130059 –1.00203 0.330377

Left leg 0.084039 0.163686 0.01921 0.037423 0.51341 0.614269

Left foot 0.071433 0.264815 0.01378 0.051074 0.26975 0.790601

Right thigh –0.061732 0.186596 –0.04464 0.134918 –0.33083 0.744812

Right leg 0.180544 0.181837 0.04235 0.042656 0.99289 0.334688

Right foot 0.122981 0.188374 0.02293 0.035117 0.65286 0.522581
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finger can be treated as an important diagnostic indicator 
and predictor for the severity of the negative symptoms 
associated with SSc. Both statistical analyses confirmed 
the reliability of the SWE examination method in patients 
with SSc and identified predictive body areas.

Elastography examination is also a dependable meth-
od of assessing the progression of SSc. High elastography 
scores correlate with a high RSS. In the authors’ opinion, 
this study suggests that elastography is a reliable meth-
od to examine SSc progression and provides one useful 
site of examining allowing it to be an easy, cheap, and re-
peatable examination tool. The results of this study over-
lap and show the reliability of elastography as a method 
of assessing skin involvement. However, there is a need 
for an additional multicentre study to validate the results 
by independent physicians and check the compatibility 
of their outcomes. The use of US in the evaluation of the 
skin can allow for earlier diagnosis and better disease 
status monitoring. There is a need for the development 

of a standard operating procedure of examination for 
physicians treating patients with SSc. Despite the limita-
tions of this study such as a small treatment group and 
only two specialists performing the research, to the best 
of our knowledge it is the first study to compare the cRSS 
with SWE and test the reliability of SWE as a method of 
skin assessment among SSc patients. The next step in 
the research process should be a multicentre research 
project with the participation of a larger group of spe-
cialists. The authors of this study believe that SWE skin 
assessment can be a sensitive testing method to detect 
skin involvement in SSc patients. The widespread avail-
ability of US machines could make this the preferred 
method used by clinicians as it is a non-invasive and 
relatively cheap method.
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Table 4. The regression analysis of the results of elastography examination in different areas of the body in correlation 
to the results of the Rodnan skin score (researcher no. 2)

N = 38
Rodnan 2

R = 0.97622957
R2 = 0.95302417

Corrected R2 = 0.89775850
F(20.17) = 17.244, p < 0.00001

Standard error of estimation: 1.7615

b* Standard error 
of b*

b Standard error 
of b

t(17) p

Constant –8.50753 1.680552 –5.06234 0.000096

Face 0.111283 0.104130 0.05019 0.046960 1.06870 0.300147

Neck –0.098964 0.133538 –0.05945 0.080217 –0.74109 0.468751

Anterior chest 0.153806 0.139962 0.06525 0.059379 1.09891 0.287128

Abdomen –0.130302 0.119819 –0.08378 0.077042 –1.08749 0.292001

Upper back 0.143349 0.083408 0.12771 0.074309 1.71864 0.103835

Lower back 0.036628 0.107149 0.01731 0.050631 0.34184 0.736661

Right upper arm –0.017918 0.094170 –0.00548 0.028803 –0.19028 0.851347

Right forearm 0.225021 0.114227 0.05980 0.030355 1.96994 0.065360

Right hand –0.167625 0.154112 –0.03607 0.033163 –1.08768 0.291917

Right-hand finger 0.440596 0.136012 0.07854 0.024247 3.23939 0.004821

Left upper arm –0.058655 0.126804 –0.02771 0.059915 –0.46256 0.649544

Left forearm –0.138056 0.172306 –0.03890 0.048552 –0.80122 0.434059

Left hand 0.465691 0.163961 0.09707 0.034175 2.84026 0.011304

Left-hand finger 0.142796 0.153460 0.03278 0.035229 0.93051 0.365132

Left thigh 0.026484 0.120136 0.01965 0.089142 0.22045 0.828145

Left leg 0.151725 0.102944 0.03780 0.025650 1.47386 0.158796

Left foot –0.127396 0.166545 –0.02678 0.035006 –0.76493 0.454800

Right thigh –0.098426 0.117352 –0.07756 0.092472 –0.83872 0.413264

Right leg 0.133711 0.114359 0.03418 0.029236 1.16922 0.258450

Right foot 0.139044 0.118470 0.02825 0.024069 1.17366 0.256714
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Figure 1. The results of cluster analysis using the k-mean 
elastography results in the studied areas of the body in the 
SSc group
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