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Objective: To explore the value of shear wave elastography (SWE) in quantitatively evaluating skin elasticity during early changes in 
patients with chronic venous disease (CVD) of the lower extremity.
Methods: This retrospective study analyzed 112 patients with CVD of the lower extremity, who were enrolled and divided into four 
groups according to the Clinical-Etiology-Anatomy-Pathophysiology (CEAP) classification criteria, including group C2 (n=33), group 
C3 (n=35), group C4a (n=24), and group C4b (n=20). Additionally, 30 healthy individuals were recruited as the control group. 
Differences in baseline clinical characteristics, laboratory parameters, conventional ultrasound parameters and SWE parameters 
among the five groups were compared. Correlations between SWE parameters of the dermal and subcutaneous tissue layers and 
laboratory parameters were analyzed.
Results: Compared with the control and C2 groups, the C3, C4a, and C4b groups exhibited significantly higher levels of C-reactive 
protein (CRP), matrix metalloproteinase-2 (MMP-2), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), subcutaneous tissue 
thickness (SCTT), maximum Young’s modulus of subcutaneous tissue (SCT-Emax), mean Young’s modulus of subcutaneous tissue 
(SCT-Emean), and minimum Young’s modulus of subcutaneous tissue (SCT-Emin) (all P<0.05). Furthermore, these indices progres
sively increased from group C3, group C4a to group C4b (all P<0.05). Compared to the control, C2, and C3 groups, both the C4a and C4b 

groups demonstrated greater dermal thickness (DT), maximum Young’s modulus of dermal layer (D-Emax), mean Young’s modulus of 
dermal layer (D-Emean), and minimum Young’s modulus of dermal layer (D-Emin) (all P<0.05), with group C4b showing higher 
values than group C4a (all P<0.05). Correlation analysis revealed that SWE parameters of the dermal and subcutaneous tissue layers 
were significantly correlated with MMP-2 and IL-6, respectively.
Conclusion: SWE enables quantitative assessment of skin elasticity during the early changes in patients with CVD of the lower 
extremity.
Keywords: shear wave elastography, skin elasticity, chronic venous disease

Introduction
Skin changes in chronic venous disease (CVD) of the lower extremity represent a chronic inflammatory dermatological 
condition involving the epidermis, dermis, and subcutaneous tissues. Early detection and treatment are crucial for 
controlling disease progression.1 Early diagnosis is critical to prevent progression to severe ulcerative phases, which 
can severely affect patients’ physical and psychological health and quality of life.2 The Venous Clinical Severity Score is 
the primary clinical assessment tool.3 Still, it is subjective, and there is a lack of imaging methods for the quantitative 
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evaluation of skin lesions in patients with CVD. Shear wave elastography (SWE) quantitatively measures tissue stiffness 
by assessing shear wave propagation speed and calculating the Young’s modulus of the tissue. The greater the Young’s 
modulus value, the higher the stiffness of the tissue and the lower the elasticity.4 Previous study demonstrated the 
favorable diagnostic performance of SWE in evaluating lower limb lymphedema.5 This non-invasive technique offers 
a promising alternative for diagnosing and monitoring skin lesions.6 This study aims to analyze the value of SWE in 
quantitatively assessing early changes in the dermal and subcutaneous tissue layers of CVD patients and to explore the 
correlation between SWE parameters and laboratory parameters, to provide an imaging method for the quantitative 
assessment of skin changes in patients with CVD.

Materials and Methods
Study Population
This retrospective study enrolled 112 patients with CVD of the lower extremities who were admitted to the Second 
Affiliated Hospital of Dalian Medical University between January 2024 and April 2025. According to the “Clinical” 
component of the 2020 Clinical-Etiology-Anatomy-Pathophysiology (CEAP) classification criteria,7 they were divided 
into four groups: 33 cases in group C2 (varicose veins group), 35 cases in group C3 (edema group), 24 cases in group C4a 

(eczema or pigmentation group), and 20 cases in group C4b(lipodermatosclerosis group). Additionally, 30 healthy 
individuals undergoing physical examinations were selected as the control group. Baseline clinical characteristics of 
the participants were collected, and fasting venous blood was drawn to measure white blood cell (WBC) counts and 
serum inflammatory markers, including C-reactive protein (CRP), matrix metalloproteinase-2 (MMP-2), interleukin-6 
(IL-6), and tumor necrosis factor-α (TNF-α).

Inclusion criteria: ① All patients met the diagnostic criteria for CVD of the lower extremity.8 ② BMI: 
18.5–35.0 kg/m². ③ Had not undergone any venous surgery or interventional treatment for the lower extremities in 
the past three months. ④ All participants were informed, consented, and willing to cooperate with the study.

Exclusion criteria: ① History of healed ulcers or presence of active ulcers. ② Edema or skin discoloration caused by 
non-venous diseases of the lower extremity (such as severe cardiac or renal insufficiency, peripheral arterial disease, 
diabetic neuropathy, lymphedema, pregnancy or lactation, or long-term glucocorticoid use). ③ History or current 
diagnosis of autoimmune diseases such as rheumatoid arthritis or connective tissue disease, etc. ④ History of trauma 
or presence of scars around the ankle. ⑤ Cellulitis, etc around the ankle. ⑥ Poor image quality.

This study was approved by the Ethics Committee of the Second Affiliated Hospital of Dalian Medical University 
(Approval No. KY2025-300-01-01), and written informed consent was obtained from all participants.

Ultrasound Parameters
A Mindray Eagus R9 ultrasound diagnostic system equipped with an L20-5U linear array probe (frequency: 20 MHz) 
was used. Each subject was requested to lie in a supine position. The measurement underwent at 10 cm above the medial 
malleolus. An ultrasound solid gel pad (Yue Chan Device Registration No. 20150185) was placed over the target skin. 
The probe was positioned perpendicular to the body’s long axis on the surface of the gel pad, with its indicator oriented 
toward the participant’s right side. The operator should not apply pressure and must ensure the probe remains stable 
without slipping (Figure 1). The musculoskeletal mode was selected, and the depth was adjusted. The skin composes of 
three distinct layers, including the epidermis, dermis, and subcutaneous tissue. These layers manifest as hyperechoic, 
moderately hyperechoic, and hypoechoic structures on ultrasonic imaging. Once the target area was clearly visualized, 
the image was stabilized for 5 seconds, then frozen to measure the dermal thickness (DT) and the subcutaneous tissue 
thickness (SCTT). The DT is measured from the hyperechoic lower border of the epidermis (ie, the dermo-epidermal 
junction) to the dermal-subcutaneous junction. The SCTT is defined as the distance from the dermal-subcutaneous 
junction to the muscular fascia. Measurements were repeated five times to obtain average values.

Then, the SWE mode was activated. The region of interest (ROI) size was adjusted to 20 mm×10 mm. The scale was 
adjusted to 0–250 kPa. The image was frozen when a high-quality elastogram was obtained, and the M-STB index 
showed four or five green stars. Two Q-Boxes (1-mm diameter) were placed within dermal and subcutaneous tissue 
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layers, respectively. The Q-Boxes in the dermal layer were placed along a line parallel to the skin surface within the mid- 
dermis, while those in the subcutaneous tissue layer were positioned along a line parallel to the skin surface and located 
1 mm below the dermal–subcutaneous junction. The system automatically calculated the following SWE parameters for 
the dermal and subcutaneous tissue layers, including maximum Young’s modulus (D-Emax, SCT-Emax), mean Young’s 
modulus (D-Emean, SCT-Emean), and minimum Young’s modulus (D-Emin, SCT-Emin). Each image contained two 
Q-Boxes, and five repeated analyses were performed per image. Q-Boxes were obtained from ten different locations 
along the exact line parallel to the skin surface within the dermal or subcutaneous tissue layers, respectively, then the 
mean Young’s modulus value was calculated from them.

A reproducibility test was conducted to assess the reliability of the measurements. Thirty participants were randomly 
selected. Two physicians, each with 15 years of MSK ultrasound experience and more than 6 years of elastography 
experience, independently measured the SWE parameters of the dermal and subcutaneous tissue layers using the 
aforementioned measurement protocol via the SWE technique. One week later, one physician repeated the measurements 
on the same 30 participants. Intraobserver and interobserver correlation coefficients were calculated.

Statistical Analysis
Data processing and statistical analysis were performed using SPSS software (version 27.0). Normality of distribution 
was assessed using the Shapiro–Wilk test. Continuous variables following a normal distribution were presented as mean 
± standard deviation (�x� s), and the one-way analysis of variance(ANOVA) or the Kruskal–Wallis test (K-W test) was 
used to assess differences among all groups, while post-hoc multiple test adjusted by the Bonferroni correction or Dunn’s 
test. All continuous variables of two groups were performed using the independent sample t-tests or the Mann–Whitney 
U-test. Categorical variables were presented as frequencies and percentages and were compared using the chi-square test 

Figure 1 Examination using an L20-5U linear array probe with the gel pad.
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among all groups. Correlations between SWE parameters and laboratory parameters were analyzed using Spearman’s 
rank correlation coefficient. A two-sided P<0.05 was considered statistically significant.

Results
Baseline Clinical Characteristics and Laboratory Parameters
The control group included of 12 males and 18 females, with a mean age of 54.2±11.9 years. Group C2 included 
13 males and 20 females (mean age 54.9±11.2 years), Group C3 included 14 males and 21 females (mean age 58.5 
±10.0 years), Group C4a included 9 males and 15 females (mean age 59.5±12.4 years), and Group C4b included 8 
males and 12 females (mean age 57.1±10.5 years). No statistically significant differences were observed in 
baseline clinical characteristics or WBC counts among the five groups (all P>0.05). Compared with the control 
and C2 groups, the levels of CRP, MMP-2, IL-6, and TNF-α were significantly increased in the C3, C4a, and C4b 

groups (all P<0.05), with a sequential increase observed from the C3, C4a to C4b groups (all P<0.05). No 
significant differences were found in laboratory parameters between the C2 and control groups (all P>0.05) 
(Table 1).

Conventional Ultrasound Parameters, SWE Parameters and Correlation Analysis
Compared with the control, C2, and C3 groups, the DT, D-Emax, D-Emean, and D-Emin were significantly higher in the 
C4a and C4b groups (all P<0.05), with group C4b showing higher values than group C4a (all P<0.05). Compared with the 
control and C2 groups, the SCTT, SCT-Emax, SCT-Emean, and SCT-Emin were significantly higher in the C3, C4a, and 
C4b groups, with a sequential increase from C3, C4a to C4b groups (all P<0.05) (Figures 2, 3, and Table 2). Correlation 
analysis indicated that D-Emax, D-Emean, and D-Emin were positively correlated with MMP-2 (rs=0.763, 0.766, 0.765, 
all P<0.001) and IL-6 (rs=0.752, 0.755, 0.754, all P<0.001) across patient groups. Similarly, SCT-Emax, SCT-Emean, 
and SCT-Emin were positively correlated with MMP-2 (rs=0.819, 0.813, 0.801, all P<0.001) and IL-6 (rs=0.838, 0.833, 
0.822, all P<0.001) (Figure 4).

Reproducibility Analysis Results
The intraobserver and interobserver intraclass correlation coefficients (ICCs) for the SWE parameters of the dermal and 
subcutaneous tissue layers were excellent (ICC>0.90), indicating excellent reproducibility and consistency of the SWE 
measurements (Table 3).

Table 1 Baseline Clinical Characteristics and Laboratory Parameters of the Five Groups

Variables Control Group  
(n=30)

Group C2 

(n=33)
Group C3 

(n=35)
Group C4a 

(n=24)
Group C4b 

(n=20)
F/X2/H P

Age (y) 54.2±11.9 54.9±11.2 58.5±10.0 59.5±12.4 57.1±10.5 0.957 0.433
Gender (M/F) 12/18 13/20 14/21 9/15 8/12 0.049 0.942

BMI (kg/m2) 25.8±4.4 26.2±3.5 25.6±4.0 25.4±3.4 25.1±4.7 0.316 0.867

Smoking (n, %) 14 (46.7) 15 (45.5) 17 (48.6) 11 (45.8) 9 (45.0) 0.098 0.948
Obesity (n, %) 7 (23.3) 8 (24.2) 9 (25.7) 6 (25.0) 5 (25.0) 0.020 0.971

WBC (10^9/L) 5.78±1.50 5.48±1.20 5.54±1.61 5.74±1.59 5.87±1.58 0.345 0.847

CRP (mg/L) 2.53±1.32 2.47±1.24 13.53±1.23ab 16.90±1.46abc 22.00±1.97abcd 125.241 <0.001
MMP-2 (ng/mL) 55.89±9.00 56.55±8.49 84.80±10.19ab 136.85±23.16abc 192.28±10.84abcd 123.348 <0.001

IL-6 (pg/mL) 1.93±0.91 1.79±0.98 4.22±0.45ab 7.04±1.17abc 10.85±0.89abcd 125.576 <0.001

TNF-α (pg/mL) 4.44±2.26 4.53±2.30 12.10±1.79ab 19.72±3.12abc 27.54±1.51abcd 125.518 <0.001

Note: Compared to control group, aP<0.05, Compared to group C2, 
bP<0.05, Compared to group C3, 

cP<0.05, Compared to group C4a, 
dP<0.05. Statistical 

Analyses: Normality was assessed using the Shapiro–Wilk test. Normally distributed continuous data were presented as mean ± standard deviation (�x� s). 
Categorical data were shown as numbers and percentages (n, %). One-way ANOVA or the Kruskal–Wallis test for five groups, with Bonferroni or Dunn’s 
post-hoc test. Independent t-test or Mann–Whitney U-test for two groups. Chi-square test for categorical variables. 
Abbreviations: BMI, body mass index. WBC, white blood cell. CRP, C-reactive protein. MMP-2, matrix metalloproteinase-2. IL-6, interleukin-6. TNF-α, 
tumor necrosis factor-α.
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Discussion
We applied SWE to assess skin elasticity in CVD patients with different severity levels. Our results demonstrated that 
SWE parameters of the dermal and subcutaneous tissue layers in group C2 showed no significant difference compared to 
the control group. In contrast, group C3 showed a marked increase in SWE parameters of the subcutaneous tissue layers, 
while the values in the dermal layers remained unchanged. Furthermore, both the C4a and C4b groups exhibited 
significantly increased SWE values in both the dermal and subcutaneous tissue layers, with substantially higher values 
in group C4b compared to group C4a. Furthermore, a positive correlation was observed between SWE parameters and 
relevant laboratory parameters.

CVD is a commonly encountered pathology of the circulatory system of the legs, which represents both a significant 
medical problem for patients and a substantial burden for healthcare systems.2 It is characterized by blood stasis and 
abnormally elevated venous pressure. Persistent venous hypertension can lead to chronic skin inflammatory manifesta
tions. Mild cases present with lower extremity edema, skin hyperpigmentation, or eczema. If left untreated, the lesion 
may progress to lipodermatosclerosis (LDS) and, even in severe cases, result in venous ulcers that are difficult to treat 
and heal slowly.2,9 The beginning of the inflammatory response gives rise to a series of clinical symptoms in patients, 
such as pruritus, pain, and swelling.10,11 A study demonstrated that approximately 82.7% of CVD patients develop 
cutaneous abnormalities.12 However, quantitative assessment tools for evaluating the severity and early changes in CVD 
remain scarce in clinical practice. Although skin biopsy can accurately diagnose LDS, it is generally not adopted by 

Figure 2 SWE images of the dermal layers. (A) Control group: D-Emax = 55.61 kPa, D-Emean = 49.81 kPa, D-Emin = 46.19 kPa. (B) Group C3: D-Emax = 60.16 kPa, 
D-Emean =50.69 kPa, D-Emin = 50.31 kPa. (C) Group C4a: D-Emax = 131.25 kPa, D-Emean = 122.31 kPa, D-Emin =111.94 kPa. (D) Group C4b: D-Emax = 182.76 kPa, 
D-Emean = 156.99 kPa, D-Emin = 133.70 kPa. 
Notes: Frequency: 20MHz. Depth: 2cm. Scale: 0–250kPa. Diameter of the Q-box: 1mm. The white colored squared box indicates the region of interest (ROI) with 
dimensions of 20 mm × 10 mm.
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clinicians due to the risk of causing additional tissue damage and potentially causing the injured wound to not heal.13 

Traditional methods for assessing skin elasticity include indentation and torsion methods. However, both techniques are 
limited by poor reproducibility, low accuracy, and high operator dependency, which have been restricted their widespread 
adoption in clinical practice.14,15

Figure 3 SWE images of the subcutaneous tissue layers. (A) Control group: SCT-Emax = 48.63kPa, SCT-Emean = 38.28kPa, SCT-Emin = 29.45kPa. (B) Group C3, SCT- 
Emax = 60.27kPa, SCT-Emean = 46.28kPa, SCT-Emin = 38.57kPa. (C) Group C4a: SCT-Emax = 122.57kPa, SCT-Emean = 93.46kPa, SCT-Emin = 77.45kPa. (D) Group C4b: 
SCT-Emax = 133.56kPa, SCT-Emean = 116.46kPa, SCT-Emin = 103.28kPa. 
Notes: Frequency: 20MHz. Depth: 2cm. Scale: 0–250kPa. Diameter of the Q-box: 1mm. The white colored squared box indicates the region of interest (ROI) with 
dimensions of 20mm × 10mm.

Table 2 Conventional Ultrasound and SWE Parameters of the Dermal and Subcutaneous Tissue Layers of the Five 
Groups (�x� s)

Variables Control Group  
(n=30)

Group C2 

(n=33)
Group C3 

(n=35)
Group C4a 

(n=24)
Group C4b 

(n=20)
F/H P

DT (mm) 1.23±0.17 1.25±0.18 1.21±0.19 1.99±0.21abc 2.68±0.14abcd 303.060 <0.001

D-Emax (kPa) 57.78±9.84 58.74±9.91 59.49±9.86 144.26±14.08abc 180.70±13.70abcd 93.503 <0.001
D-Emean (kPa) 52.79±9.74 53.83±9.83 54.74±9.81 115.63±12.40abc 158.56±12.98abcd 477.306 <0.001

D-Emin (kPa) 50.70±9.72 51.81±9.97 52.84±9.92 103.22±11.99abc 137.89±12.01abcd 335.610 <0.001

SCTT (mm) 4.51±0.37 4.70±0.33 6.58±0.81ab 7.69±0.78abc 9.34±1.09abcd 118.771 <0.001
SCT-Emax (kPa) 41.31±6.41 42.58±6.44 58.26±19.07ab 123.80±29.92abc 149.99±26.84abcd 99.710 <0.001

(Continued)
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SWE generates shear waves by applying acoustic radiation force impulses to tissues, thereby quantitatively assessing 
tissue stiffness. This quantitative, non-invasive, real-time, and operator-independent technique provides objective and 
highly reproducible imaging results with minimal reliance on examiners’ or subjects’ variability.16,17 The propagation 
velocity of shear waves in tissue can be converted into real-time color-coded images reflecting tissue stiffness. In this 
representation, red areas indicate higher tissue stiffness, whereas blue areas correspond to lower stiffness.18 In recent 
years, SWE has been increasingly applied to evaluate the dermatological lesions. A study demonstrated its capability to 
assess cutaneous elasticity in multiple anatomical regions.15 Guiotto M et al19 utilized SWE to evaluate postoperative 
scar stiffness, facilitating the early diagnosis of pathological scars and potentially avoiding invasive patients interven
tions. Cai R et al20 employed SWE to assess skin stiffness in patients with systemic sclerosis, revealing that SWE 
provided more reliable evaluation of disease activity compared to the modified Rodnan skin score and could detect early 
changes in cutaneous fibrosis. Guazzzroni M et al21 demonstrated that SWE held significant value in diagnosing and 
managing of psoriasis by quantifying plaque stiffness and monitoring treatment response in psoriatic lesions. Their 
findings indicated that SWE can detect changes in skin stiffness earlier than conventional clinical scores, thereby 
allowing prediction of therapeutic response at an earlier stage.

The findings of our study revealed that the dermal thickness and SWE parameters were significantly higher in the C4a 

and C4b groups compared to the control, C2, and C3 groups, with group C4b showing higher values than group C4a. 
Additionally, the subcutaneous tissue layer thickness and SWE parameters were significantly greater in the C3, C4a, and 
C4b groups than both the control and C2 groups, showing a progressive increase from group C3, group C4a to group C4b. 
The key pathological mechanism for these changes is chronic venous hypertension in the lower extremities. Sustained 
venous hypertension induces changes in vascular shear stress, leading to endothelial dysfunction and accumulation of 
white blood cells, which thereby initiates an inflammatory response.22 The inflammatory cytokines released by white 
blood cells, such as IL-6 and TNF-α, increase additional inflammatory cells, exacerbating tissue inflammatory infiltration 
and ultimately leading to microcirculatory impairment in the dermal and subcutaneous tissue layers.23,24 This process 
subsequently results in changes in the elasticity of the dermal and subcutaneous tissue layers. Furthermore, increased 
levels of inflammatory cytokines also contribute to increased CRP production, which exacerbates local microcirculatory 
impairment.25 In addition, inflammatory cytokines can stimulate inflammatory cells, such as neutrophils, eosinophils, 
macrophages, to overexpress matrix metalloproteinases (eg, MMP-2). MMP-2 degrades extracellular matrix (ECM) 
components, such as collagen, elastin, and leads to changes in ECM structural proteins. In severe cases, it can cause the 
degradation of collagen in the epidermal basement membrane and loss of epidermal integrity, which may progress to 
ulcer formation.24,26 On the other hand, the combined impact of venous hypertension and the inflammatory response in 
the lower extremities induces venous wall remodeling and increased vascular permeability, resulting in the extravasation 
of macromolecules such as red blood cells, white blood cells, fibrinogen, which ultimately triggers a widespread chronic 
inflammatory response.27 Following the extravasation of red blood cells, hemoglobin is degraded and converted into 
hemosiderin. The subsequent deposition of hemosiderin in the skin not only causes hyperpigmentation but also 
contributes to tissue hypoxia, ultimately resulting in reduced elasticity of the dermal and subcutaneous layers.2,28 In 

Table 2 (Continued). 

Variables Control Group  
(n=30)

Group C2 

(n=33)
Group C3 

(n=35)
Group C4a 

(n=24)
Group C4b 

(n=20)
F/H P

SCT-Emean (kPa) 34.98±6.84 38.42±6.90 53.39±18.95ab 102.93±26.22abc 129.48±26.84abcd 99.728 <0.001
SCT-Emin (kPa) 30.17±6.60 33.37±6.92 48.89±18.84ab 90.84±24.98abc 111.26±19.71abcd 97.693 <0.001

Note: Compared to control group aP<0.05, Compared to group C2, 
bP<0.05, Compared to group C3, 

cP<0.05, Compared to group C4a, 
dP<0.05. Statistical 

Analyses: Normality was assessed using the Shapiro–Wilk test. Normally distributed continuous data were presented as mean ± standard deviation (�x� s). 
One-way ANOVA or the Kruskal–Wallis test for five groups, with Bonferroni or Dunn’s post-hoc test. Independent t-test or Mann–Whitney U-test for 
two groups. 
Abbreviations: DT, the dermal thickness. D-Emax, maximum Young’s modulus of the dermal layer. D-Emean, mean Young’s modulus of the dermal layer. 
D-Emin, minimum Young’s modulus of the dermal layer. SCTT, the subcutaneous tissue thickness. SCT-Emax, maximum Young’s modulus of the 
subcutaneous tissue layer. SCT-Emean, mean Young’s modulus of the subcutaneous tissue layer. SCT-Emin, minimum Young’s modulus of the subcutaneous 
tissue layer.

International Journal of General Medicine 2025:18                                                                             https://doi.org/10.2147/IJGM.S564514                                                                                                                                                                                                                                                                                                                                                                                                   6101

Lv et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



our study, the higher DT, SCTT, and SWE parameters in group C4b compared to group C4a were attributed to increased 
extravasation of fibrinogen. This extravasated fibrinogen forms “pericapillary fibrin cuffs” that impede oxygen and 
nutrient uptake in the dermal and subcutaneous tissue layers, ultimately causing localized skin malnutrition and severe 

Figure 4 Scatter plots illustrating the correlation between SWE parameters and levels of MMP-2 and IL-6 in patient groups. (A–C) The correlation of MMP-2 levels with 
D-Emax, D-Emean, and D-Emin, respectively. (D–F) The correlation of IL-6 levels with D-Emax, D-Emean, and D-Emin, respectively. (G–I) The correlation of MMP-2 levels 
with SCT-Emax, SCT-Emean, and SCT-Emin, respectively. (J–L) The correlation of IL-6 levels with SCT-Emax, SCT-Emean, and SCT-Emin, respectively. 
Note: Statistical Analysis: Spearman’s rank correlation coefficient.

Table 3 Reliability Analysis of Young’s Modulus in the Dermal and Subcutaneous Tissue Layers

Variable Intraobserver Interobserver

ICC 95% limits of consistency P ICC 95% limits of consistency P

D-Emax (kPa) 0.952 0.734~0.984 <0.001 0.948 0.755~0.982 <0.001

D-Emean (kPa) 0.956 0.764~0.985 <0.001 0.949 0.660~0.984 <0.001

D-Emin (kPa) 0.948 0.793~0.981 <0.001 0.942 0.741~0.979 <0.001
SCT-Emax (kPa) 0.964 0.760~0.988 <0.001 0.961 0.803~0.987 <0.001

SCT-Emean (kPa) 0.953 0.771~0.984 <0.001 0.942 0.713~0.980 <0.001

SCT-Emin (kPa) 0.944 0.805~0.979 <0.001 0.928 0.711~0.974 <0.001

Notes: Statistical Analysis: Reliability analysis. 
Abbreviation: ICC, intraclass correlation coefficient.
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fibrosis, which clinically presents as skin thickening and hardening, known as LDS.29 Moreover, the absence of 
significant differences in various parameters between group C2 and the control group can be attributed to the fact that 
the inflammatory response in group C2 was confined to the vascular structures and had not yet induced inflammatory 
infiltration or serological changes in the dermal and subcutaneous tissue layers.30 Similarly, the DT and SWE parameters 
of the dermal layers in group C3 showed no significant differences compared to both the control and C2 groups. This is 
because, during the edema stage, only parts of the fluid, proteins, and blood cells extravasate into the subcutaneous tissue 
layers without invading the dermal layers, thus primarily manifesting as edema within the subcutaneous tissue layers.31,32 

These findings suggested that the activation of the inflammatory cascade may contribute to increased disease severity 
while concurrently reducing the elasticity of both the dermal and subcutaneous tissue.

In our study, serum levels of CRP, MMP-2, IL-6, and TNF-α in the C3, C4a, and C4b groups were significantly 
increased compared to both the control and C2 groups, demonstrating a progressive increase from group C3, group C4a to 
group C4b. These findings further highlighted that inflammatory activation drives the progression of pathological changes 
in the dermal and subcutaneous tissue layers. Furthermore, correlation analysis in our study demonstrated that SWE 
parameters of both the dermal and subcutaneous tissue layers were positively correlated with MMP-2 and IL-6 levels, 
providing additional evidence that SWE can be effectively used to evaluate changes in skin elasticity in the dermal and 
subcutaneous tissue layers in patients with CVD.

This study is a retrospective cross-sectional study, which has several limitations. Firstly, this was a single-center 
study, which inherently limited the sample size. Therefore, further research involving more participants is needed for 
more detailed analyses in the future. Secondly, prospective research of SWE assessing skin elasticity with a patient 
cohort that includes follow-ups after treatment, would give more detailed knowledge regarding evaluation for CVD. 
Finally, measurements of skin stiffness may be biased because of the inevitable use of ultrasound gel pad and slight 
compression, so we applied two operators with 6 years of SWE experience to perform skin examination in our study and 
minimize this human error as much as possible, and repeated measurements were averaged to minimize this effect.

Conclusion
This study aimed to quantitatively evaluate skin elasticity in patients with CVD of different CEAP classifications using 
SWE. The results demonstrated a significant reduction in the dermal and subcutaneous tissue layer among patients 
classified as C4a and C4b. In contrast, only the subcutaneous tissue layer exhibited reduced elasticity in C3 patients, while 
no significant change in the dermal and subcutaneous tissue layer was observed in C2 patients. Significantly, SWE 
parameters revealed a statistically positive correlation with laboratory parameters.

In conclusion, SWE enables quantitative assessment of skin elasticity during early changes in patients with CVD of 
the lower extremity.
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