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ABSTRACT

Objective: The objective of this study is to analyze skin stiffness and thickness quantitatively in patients with systemic sclerosis using high-
frequency ultrasound (HFUS) and shear wave elastography (SWE), and to compare those results with healthy controls. This study aims to examine
the diagnostic utility, examine the performance between both modalities and determine their correlation with modified Rodnan skin score (mRSS),
and establish their clinical utility in the early diagnosis and monitoring of disease severity in scleroderma.

Methods: In this observational study, skin stiffness and thickness were assessed in SSc patients and matched healthy controls using HFUS and SWE.
Quantitative measurements were taken at standard anatomical sites. Receiver operating characteristic (ROC) curve analysis evaluated the
diagnostic accuracy of each modality, while correlation with the modified Rodnan skin score (mRSS) was analyzed to determine clinical relevance.

Results: Both skin thickness and stiffness were significantly elevated in SSc patients compared to controls (p<0.001). SWE exhibited superior
diagnostic accuracy (AUC 0.881) compared to HFUS (AUC 0.795), with sensitivities of 90% and 82%, respectively. Strong positive correlations were
observed between imaging parameters and mRSS (r = 0.758 for SWE stiffness; r = 0.642 for HFUS thickness).

Conclusion: HFUS and SWE constitute effective, complementary tools for quantitative evaluation of skin involvement in systemic sclerosis. Their
combined use improves diagnostic precision and correlates well with clinical skin scores, supporting integration into routine clinical assessment
and trials. Further multicenter validation and protocol standardization are warranted.
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INTRODUCTION

The assessment of skin stiffness and thickness plays a critical role in
diagnosing and monitoring various dermatologic and connective
tissue disorders. Skin thickness reflects the structural integrity,
while stiffness provides insights into the bio-mechanical properties
of cutaneous tissue. Traditional clinical evaluations relying on
palpation or caliper measurements are often subjective and lack
reproducibility [1].

Scleroderma, or systemic sclerosis (SSc), is a chronic autoimmune
connective tissue disease typified by progressive skin fibrosis due to
excessive collagen deposition, associated vasculopathy, and immune
dysregulation. This fibrotic skin involvement manifests as increased
thickness and stiffness, significantly impacting skin function and
patient quality of life [2]. The condition is classified mainly into
limited and diffuse cutaneous subtypes, the latter associated with
more extensive skin and internal organ involvement. Early and
accurate quantification of skin changes is imperative for disease
staging, monitoring therapeutic response, and prognostication [3].

Globally, SSc prevalence estimates range widely, with fig. from
approximately 7 to 650 cases per million population, influenced by
geographic and ethnic factors [4]. Incidence rates worldwide
approximate 16.4 per 100,000 person-years [5], illustrating the rarity
yet clinical significance of the disease. Indian cohorts predominantly
present a younger age of onset and a higher prevalence of diffuse
cutaneous involvement compared to Western population [6].

High-frequency ultrasound (HFUS) enables precise, non-invasive
visualization of skin layers, quantifying thickness changes reflective
of fibrotic progression. Shear Wave Elastography (SWE) assesses
biomechanical properties, quantifying stiffness variations correlated
with fibrotic activity [7, 8]. This integrated imaging approach

enhances diagnostic accuracy, quantifies disease severity, and
monitors therapeutic efficacy.

This study aims to quantitatively assess skin thickness and stiffness
using high-frequency ultrasound and shear wave elastography in
patients with scleroderma compared to healthy controls. We seek to
evaluate the diagnostic performance of these imaging modalities,
analyze correlations with clinical scores, and establish their utility in
early diagnosis and management of scleroderma.

MATERIALS AND METHODS
Study design

This study was designed as a prospective, comparative
observational analysis over a 12 mo period at a tertiary hospital in
South India. Ethical approval was obtained from the institutional
review board, and written informed consent was secured from all
participants prior to study enrollment.

Study population

The study comprised adults aged 18-65 years who met the 2013
ACR/EULAR criteria for systemic sclerosis (SSc). Age-and sex-
matched healthy controls without any connective tissue or
dermatological disorders were recruited.

e Case Group: 37 patients diagnosed with systemic sclerosis (both
diffuse and limited cutaneous subtypes).

e Control Group: 37 healthy volunteers matched by age and sex
without any history of autoimmune or skin diseases.

Both groups underwent identical assessments using high-frequency
ultrasound and shear wave elastography at standardized anatomical
sites, conducted by blinded, experienced operators.
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Inclusion criteria

o Adults between 18 and 65 y of age.

o Diagnosis of SSc based on the 2013 ACR/EULAR criteria.
¢ Both diffuse and limited cutaneous subtypes included.

o Willingness to participate and provide informed consent.
Exclusion criteria

¢ Coexisting dermatological, metabolic, or inflammatory conditions
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e Shear Wave Elastography (SWE): Integrated into the ultrasound
system for quantitative stiffness assessment, reported in kilopascals
(kPa).

Procedure

Skin thickness and stiffness were measured at standardized sites,
including fingers (dorsal mid-phalanx), forearms, and dorsal hands. Each
site received three measurements for both modalities, and the mean
value was recorded. Assessment was performed by two experienced
sonographers blinded to clinical status. The modified Rodnan Skin Score
(mRSS) was used to clinically grade skin involvement prior to imaging.

affecting skin.
e Measurements were performed with the patient at rest in a

e Recent use (within 3 mo) of corticosteroids or
temperature-controlled room.

immunosuppressive therapies.

« Localized scleroderma/morphea rather than systemic. e Controls underwent identical assessment protocols.

e Pregnancy or lactation. Statistical analysis

Descriptive statistics summarized continuous and categorical
variables mean (SD) skin thickness and stiffness between SSc and
controls were compared using t-tests or Mann-Whitney U-tests, as
appropriate. Correlations between ultrasound-derived measures
and mRSS were evaluated by Spearman rank correlation coefficient.
ROC curve analyses determined diagnostic performance of each
modality. All analyses were conducted with SPSS v25.0, with a p-
value<0.05 considered statistically significant.

o History of skin ulcers, infections, or trauma in the area to be assessed.
o Unwillingness or inability to comply with study protocol.
Assessment tools

e High-frequency ultrasound (HFUS): B-mode ultrasonography
using a 215 MHz linear probe to measure skin thickness at
predetermined anatomical sites.

Table 1: Baseline characteristics of study population

Parameter SSc group (n=37) Control group (n=37) p-value
Age (years) 45.2+12.6 44.1+11.8 0.64
Female (%) 83.8 81.1 0.77
Disease duration (yrs) 8.5+4.2 NA NA
Diffuse SSc (%) 64.9 NA NA
Limited SSc (%) 35.1 NA NA

Table 1 indicates the demographic distribution between groups, showing comparable age and sex, and displaying the percentages of diffuse and
limited cutaneous forms in SSc patients.

Table 2: SKin stiffness and thickness by ultrasound (SSc cases vs controls)

Site Stiffness (kPa) case  Thickness (mm) case Stiffness (kPa) control Thickness (mm) control  p-value
Fingers 49.8 1.99 18.3 1.59 <0.001
Forearms 47.6 1.85 19.2 1.53 <0.001
Dorsum Hands 45.2 1.84 17.9 1.56 <0.001

Table 2 demonstrates significantly increased skin thickness and stiffness at all measured sites in SSc patients compared to controls, with the highest
values seen in fingers and forearms

Table 3: SKin stiffness and thickness by shear wave elastography (SWE)

Site Stiffness (kPa) case  Thickness (mm) case Stiffness (kPa) control Thickness (mm) control p-value
Fingers 49.8 1.99 18.3 1.59 <0.001
Forearms 47.6 1.85 19.2 1.53 <0.001
Dorsum Hands 45.2 1.84 17.9 1.56 <0.001

Table 3 highlights the marked increase in skin stiffness and thickness values in SSc measured using SWE, with statistically significant differences
across all sites

Table 4: Correlation of HFUS/SWE with clinical skin score (mRSS)

Measurement Spearman’s rho p-value
HFUS Thickness 0.642 <0.001
SWE Stiffness 0.758 <0.001

Table 4 indicates strong positive correlations between both HFUS thickness and SWE stiffness measurements with the modified Rodnan skin score
(mRSS), with SWE showing slightly higher correlation strength.

Table 5: ROC Analysis for diagnostic performance

Modality AUC Sensitivity Specificity Cut-off Value
HFUS Thickness 0.795 82% 76% 1.72 mm
SWE Stiffness 0.881 90% 83% 27.7 kPa
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Fig. 1: ROC analysis for diagnostic performance

Table 5 and fig. 1 demonstrates the diagnostic accuracy of both
modalities for differentiating SSc skin from normal, with SWE exhibiting
the highest area under the curve, sensitivity, and specificity.

DISCUSSION

In the present study, the systemic sclerosis (SSc) patient group had a
mean age of 45.2+12.6 y with a female predominance of 83.8%, and
a median disease duration of 8.5 y. The diffuse cutaneous subtype
accounted for 64.9% of cases, while limited cutaneous SSc was seen
in 35.1%. These demographic features closely align with findings
from Indian cohorts reported by Ghosh et al. [9], who observed a
mean age of 47.5 y, 81% female patients, and similar subtype
distribution. Comparable results were reported in Eastern India
with a mean age of 29.6 y and 86.9% females, and Jharkhand data
showing an 80% female predominance with majority diffuse
cutaneous involvement [10].

In our study, patients with systemic sclerosis exhibited a
significantly increased skin thickness measured by high-frequency
ultrasound across all assessed sites. The mean skin thickness at the
fingers was 1.99+0.31 mm, forearms 1.85+0.27 mm, and dorsal
hands 1.84+0.26 mm, all markedly higher than in healthy controls
(p<0.001). These findings emphasize the role of HFUS as a sensitive
tool to detect and quantify fibrotic skin changes characteristic of
scleroderma. Wang et al. [11] in his study also reported dermal
thickness at the forearm as 1.6138+0.4217 mm (right) and
1.5696+0.3900 mm (left), which again are lower than our SSc
cohort’s full-thickness measurements, indicating disease-related
thickening evident in our study.

In our study, shear wave elastography (SWE) revealed significantly
increased skin stiffness at measured sites in systemic sclerosis
patients compared to controls. The mean stiffness values for the
fingers, forearms, and dorsal hands were 49.8+12.4 kPa, 47.6+x11.8
kPa, and 45.2+11.2 kPa, respectively, compared to 18.3+6.1 kPa,
19.2+6.5 kPa, and 17.9+6.3 kPa in controls, with all differences
statistically significant (p<0.001). These findings affirm SWE as a
sensitive modality for detecting biomechanical alterations in
scleroderma skin, demonstrating marked increases in stiffness
correlated with disease pathology. Similarly, Yang et al [12]
demonstrated that shear wave elastography (SWE)-based skin
stiffness and high-frequency ultrasound (HFUS)-based skin
thickness are effective in distinguishing limited (1cSSc) from diffuse
cutaneous systemic sclerosis (dcSSc). Their findings showed
significantly higher stiffness values in dcSSc across multiple sites,
such as the forearm (median 58.4 kPa) and arm (51 kPa), compared
to 1cSSc, with strong statistical significance (p<0.001).

Our study showed a strong positive correlation between skin
stiffness measured by shear wave elastography and skin thickness

measured by high-frequency ultrasound with the modified Rodnan
skin score (mRSS), a clinical measure of skin involvement severity in
systemic sclerosis. The correlation coefficient for SWE stiffness (r =
0.758, p<0.001) is higher than that for HFUS thickness (r = 0.642,
p<0.001), indicating SWE might be a more sensitive indicator of
disease severity. These findings concord with Hong et al.[13], where
significant differences in shear wave velocity (SWV) and skin
thickness sums were noted, and strong associations with clinical
scores (r = 0.726 and 0.679) were reported.

SWE demonstrated superior diagnostic accuracy with an area under
the curve (AUC) of 0.881 compared to 0.795 for HFUS. Additionally,
SWE showed higher sensitivity (90%) and specificity (83%) relative
to HFUS (82% sensitivity and 76% specificity). The cut-off values
identified (27.7 kPa for SWE stiffness and 1.72 mm for HFUS
thickness) provide practical thresholds for clinical application. Yu et
al. [14] reported the combined use of HFU and SWE yielded an
excellent AUC of 0.980, highlighting synergistic diagnostic potential.

CONCLUSION

This study demonstrated that high-frequency ultrasound (HFU) and
shear wave elastography (SWE) are reliable and quantitative tools
for assessing skin involvement in systemic sclerosis. Both methods
showed significantly increased skin thickness and stiffness in
affected patients, correlating strongly with the modified Rodnan
skin score (mRSS). The combined use of HFU and SWE provided
superior diagnostic accuracy compared to either modality alone,
suggesting synergistic benefit. Despite limitations such as a single-
center design and small sample size, the findings support
ultrasound’s clinical value for diagnosis and monitoring in systemic
sclerosis. Standardized protocols and larger multi-center studies are
needed to validate and optimize ultrasound's role in routine care.
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