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of Pathology, Henan Provincial People’s Hospital, Zhengzhou, China

Objectives: We utilized high-frequency ultrasound to characterize vulvar skin

alterations in lichenoid vulvar dermatoses (LVD) and to determine whether the

sonographic vascular index (VI) correlates with histopathological microvessel

density (MVD) and microvessel area (MVA).

Methods: This study included thirty-seven patients with pathologically

confirmed LVD who attended Henan Provincial People’s Hospital between

December 2021 and May 2024. A control group of thirty-five healthy women,

matched for age and BMI was selected during the same period. High-frequency

ultrasound parameters of the vulvar skin between the two groups were analyzed

using statistical tests. Vulvar skin specimens from LVD patients were stained

with CD34 to determine MVD and MVA, and the correlation with the VI from

ultrasound parameters was assessed.

Results: (i) Analysis of variance showed that epidermal thickness, subepidermal

low echogenic band (SLEB) thickness, dermal thickness, and VI were significantly

increased in the LVD group compared to the control group (all P < 0.05). (ii)

Correlation analysis revealed a positive correlation between the VI and MVD,

MVA (r = 0.438, r = 0.630, both P < 0.05).

Conclusion: The vulvar skin thickness and VI in patients with LVD are increased

compared to the control group. The VI reflects the microvascular status in LVD,

highlighting the significant value of high-frequency ultrasound in assessing LVD.
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1 Introduction 

Lichenoid vulvar dermatoses (LVD) are a group of chronic, 
recurrent, inflammatory skin conditions primarily characterized 
by itching. They predominantly aect the genital and anal 
regions, presenting clinical features such as hypopigmentation, 
skin and mucous membrane thickening, and atrophy (1, 2). If left 
untreated, LVD can lead to a loss of normal vulvar architecture 
or even progression to vulvar squamous cell carcinoma, severely 
impacting the patient’s quality of life (3). Therefore, early diagnosis, 
prompt treatment, and continuous disease monitoring during 
therapy are essential. 

Pathologic biopsies are commonly used to diagnose and 
assess skin changes in LVD patients. However, their clinical 
application is limited by their invasive nature. High-frequency 
ultrasound (HFUS), known for its real-time, non-invasive imaging 
capabilities, is widely used for evaluating various cutaneous 
diseases (4). Additionally, superb microvascular imaging (SMI), 
an advanced Doppler technique, capable of visualizing enhances 
this by providing clear visualization of low-velocity microvessels 
(5). The vascular index (VI) oers a quantitative and convenient 
method for measuring the proportion of microvascular areas, 
providing valuable insights into the activity levels of inflammatory 
diseases (6). 

Angiogenesis is a hallmark of chronic inflammation, with both 
processes being interdependent (7). CD34, a marker expressed by 
both mature and newly formed vascular endothelial cells (8), is 
commonly used to evaluate microvascular changes. Microvessel 
density (MVD) and microvessel area (MVA) are well-established 
parameters for assessing angiogenesis levels. 

In this study, we employed HFUS to evaluate vulvar changes 
in patients with LVD. Furthermore, we investigated the correlation 
between the VI obtained from HFUS and the histopathological 
parameters of MVD and MVA. These analyses were conducted to 
assess the feasibility and accuracy of using HFUS and the VI as 
diagnostic tools. 

2 Materials and methods 

2.1 Study population 

Thirty-seven patients with LVD, attending the outpatient 
clinic of the Department of Obstetrics and Gynecology at Henan 
Provincial People’s Hospital from December 2021 to May 2024, 
were selected as the LVD group. The inclusion criteria were: (1) 
confirmed LVD diagnosis via pathological biopsy; (2) aged 18 
or older; (3) voluntary consent for ultrasonic examination. The 
exclusion criteria were: (1) treatment with physicotherapeutics, 
glucocorticoids or tacrolimus within the past 3 months; (2) the 
presence of other vulvar diseases, such as psoriasis; (3) pregnancy 
or lactation; (4) refusal to undergo pathological biopsies. 

Thirty-five healthy adult females, matched for BMI and age, 
attending the Health Management Discipline at Henan Provincial 
People’s Hospital during the same period, were selected as 
the control group. 

Vulvar biopsies of LVD patients were collected and stained 
with CD34. However, due to the invasive nature of pathological 

biopsies, control group participants only underwent ultrasound 
examinations without biopsy. The study protocol was approved by 
the ethics committee of Henan Provincial People’s Hospital, and 
informed consent was obtained from all participants. 

2.2 Ultrasound examination 

The Canon Aplio i900 ultrasonic diagnostic instrument (Canon 
Medical Systems Corporation, Japan) and PLI-2004BX linear probe 
(probe frequency 8∼24 MHz) were used for skin imaging. The 
SKIN mode was selected and the gain was adjusted to clearly 
visualize the epidermis, dermis, and subcutaneous tissue. Patients 
were positioned in the lithotomy position to fully expose the 
perineal area. The probe was enveloped in a disposable film 
and an appropriate amount of ultrasound gel was applied. The 
examination was conducted with the probe held perpendicular 
to the perineal area. During the examination, the vulva was 
comprehensively scanned using an ultrasound probe, ranging from 
the mons pubis to the posterior commissure. Select regions with 
abundant blood flow for imaging acquisition. Mark these areas 
post-ultrasound to ensure consistency between imaging and tissue 
sampling sites. Images were captured and stored when they are 
stable and clear (Figure 1). Using ImageJ 2.0 software (National 
Institutes of Health, USA), measurements were taken of the 
epidermal thickness, subepidermal low echogenic band (SLEB) 
thickness, and dermal thickness. SMI mode was activated with 
the color gain set to a fixed value of 38 dB, to observe the blood 
vessels within the dermis. The image showing the richest and most 
abundant blood flow signal was selected, and a region of interest 
(ROI) was drawn to obtain the VI. 

Ultrasound parameters were measured three times, with the 
mean value recorded as the final result. 

2.3 CD34 staining and measurement of 
MVD and MVA 

Pathologic biopsy and CD34 staining were conducted at 
the same site of the HFUS examination. Prior to biopsy, local 
subcutaneous infiltration anesthesia was administered using 1% 
lidocaine. A surgical blade was used to make a spindle-shaped 
incision into the skin, with a depth of approximately 1 cm, 
to obtain a specimen comprising epidermis, dermis, and partial 
subcutaneous tissue. Hemostasis was achieved by compression, 
followed by a single absorbable suture if necessary. The acquired 
tissue samples were promptly sent to the pathology department, 
where pathological diagnosis and CD34 immunohistochemical 
staining were performed by a pathologist. All CD34-stained slides 
were examined using an Olympus microscope (BX53, Olympus 
Corporation, Japan). Blood vessels were identified as CD34-stained, 
brownish-yellow lumens without a muscular wall. MVD and MVA 
were assessed using the Weidner (9) method. Initially, the entire 
area was studied at ×40 magnification to identify “hot spots.” Then, 
at ×200 magnification, three images with a high blood vessel count 
were captured, and their average was calculated to determine MVD 
(Figure 2). These high-magnification images were then imported 
into ImageJ (National Institutes of Health, USA) software for 
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FIGURE 1 

(A) Gray-scale ultrasound images of the control group; (B) VI measurement image of microvascular blood flow for the control group; (C) Gray-scale 
ultrasound images of the LVD group; (D) VI measurement image of microvascular blood flow for the LVD group. 

manual tracing of microvascular regions, which were summed to 
calculate the MVA for each image. The three highest MVA values 
for each patient were averaged to obtain the final MVA. 

2.4 Statistics analysis 

Data analysis was conducted using software SPSS version 
27.0 (IBM, Armonk, NY, USA). Continuous data conforming to 
normal distribution were expressed as mean ± standard deviation, 
with group dierences assessed using independent samples t-test 
(for homogeneity of variance) and t’-test (for inhomogeneity of 
variance). Continuous data not conforming to normal distribution 
were expressed as median (interquartile range), with group 
dierences evaluated using the Mann-Whitney U test. Correlations 
between VI parameters and MVD, MVA were determined using 
Pearson’s or Spearman’s correlation coeÿcients. A two-tailed 
P-value < 0.05 was considered statistically significant. 

3 Results 

3.1 Clinical parameters 

Thirty-seven patients with LVD were included in this study, 
all of whom were female. The control group consisted of thirty-
five adult females. The age range of patients in the LVD group 
was 20–66 years, with a mean age of 38.62 ± 10.07 years. Healthy 

individuals in the control group had an age range of 20–63 years 
and a mean age of 37.83 ± 11.91 years. There was no statistically 
significant age dierence between the two groups (t = 0.306, 
P = 0.761). The disease duration in the LVD group ranged from 
6 to 130 months, with a median of 29 months. In the LVD 
group, there were 26 pre-menopausal patients (70.27%), 8 peri-
menopausal patients (21.62%), and 3 pos-tmenopausal patients 
(8.11%). In the control group, there were 26 pre-menopausal 
patients (74.28%), 4 peri-menopausal patients (11.43%), and 5 
post-menopausal patients (14.29%). The chi-square test revealed 
no statistically significant dierence between the two groups 
(χ2 = 1.809, P = 0.405). 

3.2 Ultrasound parameters 

The thickness of epidermis, SLEB and dermis in the LVD 
group was significantly increased than that in the control group 
(all P < 0.05). Additionally, the VI was significantly higher in the 
LVD group (P < 0.05) compared to the control group. The specific 
parameters were presented in Table 1. 

3.3 Correlation between VI and MVD, 
MVA 

Spearman correlation analysis revealed a weak correlation 
between VI and MVD (r = 0.438, P = 0.007). A moderate 
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FIGURE 2 

(A) VI measurement image of microvascular blood flow for the LVD group; (B) CD34 staining in the same LVD patient as in panel (A), ×200 
magnification; (C) VI measurement image of microvascular blood flow for the LVD group; (D) CD34 staining in the same LVD patient as in panel (C), 
×200 magnification. 

TABLE 1 Ultrasound parameters. 

Ultrasound 
parameters 

LVD group (n = 37) Control group 
(n = 35) 

t’/Z P-value 

Epidermal thickness (mm) 0.25 ± 0.06 0.20 ± 0.04 4.607 <0.001 

SLEB thickness (mm) 0.18 (0.16) 0.00 (0.06) −5.552 <0.001 

Dermal thickness (mm) 1.38 ± 0.46 0.82 ± 0.17 6.877 <0.001 

VI 4.23 (5.59) 0.77 (0.37) −5.354 <0.001 

LVD, lichenoid vulvar dermatoses; SLEB, subepidermal low echogenic band; VI, vascular index. 

correlation was observed between VI and MVA (r = 0.630, 
P < 0.001), as shown in Figure 3. 

3.4 Repeatability test 

Ultrasound images and high magnification images stained 
by CD34 from fifteen patients were randomly selected for 
reproducibility testing. Two observers, including one repeated 
observer, measured the ultrasound images with a 1-week interval 
between measurements. The intraclass correlation coeÿcients 
(ICC) were used to evaluate the intra- and inter-observer 
agreement for each parameter, with good consistency shown in 
Table 2 (ICC > 0.75, P < 0.05). 

4 Discussion 

High-frequency ultrasound is extensively utilized for detecting 
various skin diseases, due to its ability to visualize the structures 
of dierent skin layers (10). In this study, we utilized HFUS to 
assess vulvar changes in women with LVD. Our findings revealed 
that, compared to the control group, patients with LVD exhibited 
increased vulvar skin thickness and a higher VI. Furthermore, 
within the LVD patient group, a positive correlation was observed 
between the VI and both MVD and MVA. 

The thickness of healthy adult skin is influenced by various 
factors, including age, gender, and photoaging (11). In this study, 
all subjects were female with vulvar tissues, and there was no 
statistically significant age dierence between the control and 
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FIGURE 3 

(A) Correlation of MVD with VI; (B) correlation of MVA with VI. MVD, 
microvessel density; MVA, microvessel area; VI, vascular index. 

LVD groups. Therefore, we attribute the observed dierence in 
skin thickness to the disease itself. LVD encompasses a group 
of inflammatory skin diseases, including vulvar lichen sclerosus 
(VLS), vulvar lichen simplex chronicus (VLSC) and vulvar lichen 
planus (VLP) (1). Cases of VLS (19 cases) and VLSC (18 cases) 
were included in the LVD group. However, due to the limited 
number of CD34-stained vulvar tissues, a detailed subgroup 
analysis was not performed. 

Histopathologically, VLSC is characterized by epidermal 
thickening, hyperkeratosis, spongiosis, acanthosis, and a dermal 
infiltrate of inflammatory cells (12, 13). The features of VLS include 
a thickened or diminished granular layer, atrophic epidermis, 
diuse dermal sclerosis, and an interstitial pattern of inflammation 
(14). Current research on epidermal changes in LVD remains 
limited and inconsistent. A study (15) found that, compared to 
the control group, the full epidermal and cell-layer thickness 
did not significantly change in early VLS, but the cell-layer 
thickness decreased in late VLS. Our research findings, however, 
demonstrated increased epidermal thickness in LVD, which we 
speculate may be attributed to the epidermal thickness of VLSC 
and the number of cases, osetting the dierences in epidermal 
thickness observed in VLS. 

The SLEB is a distinctly visible hypoechoic band located 
between the lower epidermal layer and the upper dermal layer. 
Its thickness is aected by factors like age and photoaging and 
is associated with the dermal infiltration of inflammatory cells 
(16). Our study revealed a statistically significant dierence in 
SLEB thickness in the vulvar lesion area between patients with 
LVD and the control group, aligning with previous research 
(17, 18). Inflammatory diseases such as psoriasis, rosacea, and 
lichen planus, also exhibit thickening of the SLEB (15), which 
is attributed to inflammatory cell infiltration in the dermis. This 
infiltration damages the dermal-epidermal junction and results in 
SLEB thickening (19, 20). Moreover, dermal inflammation can 

cause edema and as the disease progresses, deeper inflammatory cell 
infiltration and dermal hardening occur, further increasing dermal 
thickness (17). In summary, the increased SLEB thickness and 
dermal thickness observed in our LVD patients are consistent with 
the classic ultrasonic characteristics of lichen planus as previously 
described in the literature (21). 

Lichenoid vulvar dermatoses is a chronic, inflammatory skin 
disease with an unknown pathogenesis, in which angiogenesis 
plays a key role. Inflammation stimulates angiogenesis, which 
in turn exacerbates chronic inflammation, creating a self-
perpetuating cycle. 

In summary, neovascularization is a hallmark of chronic 
inflammation (7, 8). We analyzed MVD and MVA to quantify 
angiogenesis in the vulvar skin of patients with LVD. Concurrently, 
we employed a novel high-frequency ultrasound technology known 
as SMI, which uses the VI to assess disease activity (6) by measuring 
the proportion of the vascular area. 

Our study revealed that the VI was higher in the LVD group 
than in the control group, consistent with previous research (22, 
23). Furthermore, VI showed a moderate correlation with MVA 
(r = 0.630), but only a weak correlation with MVD (r = 0.438). 
The absence of correlation between VI and MVD is attributed 
to their dierent measurement principles: VI, being a ratio (24), 
essentially represents an area, whereas MVD considers only the 
count, disregarding the area. Regardless of whether MVA or 
MVD is considered, our findings suggest that VI is a feasible 
tool for assessing blood flow in LVD and holds value for disease 
assessment and monitoring. 

This study has several limitations. Firstly, the study is limited 
by its small sample size and cross-sectional design. Secondly, 
the analysis was not stratified by key variables such as age and 
disease duration, which prevents an assessment of how these factors 
influence the ultrasound parameters. Thirdly, while two types of 
LVD were included, a detailed comparison between them was not 
conducted. Future studies could include a larger sample size and 
more types of LVD to further investigate their high-frequency 
ultrasound features and the correlation between ultrasound-
assessed epidermal and dermal thicknesses with pathological 
measurements, thereby enhancing the applicability of high-
frequency ultrasound. 

This study utilized high-frequency ultrasound to assess the 
changes in the vulvar skin of patients with LVD, and to examine the 
correlation between the vascular index observed under ultrasound 
and the microvasculature identified through pathology. The 
findings established the high-frequency ultrasound characteristics 
and demonstrated the accuracy of blood flow parameters for 

TABLE 2 Repeatability test. 

Intra-observer reliability Inter-observer reliability 

Parameter ICC 95% CI ICC 95% CI 

Epidermis 0.949 0.821–0.987 0.939 0.753–0.985 

SLEB 0.966 0.871–0.991 0.945 0.805–0.986 

Dermis 0.976 0.912–0.994 0.969 0.879–0.992 

MVD 0.972 0.896–0.993 0.968 0.878–0.992 

MVA 0.983 0.935–0.996 0.972 0.898–0.993 

ICC, intraclass correlation coeÿcients; CI, confidence intervals; SLEB, subepidermal low echogenic band; MVD, microvessel density; MVA, microvessel area. 
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LVD patients, providing a new non-invasive method for the 
assessment and follow-up of LVD in the future. 

Data availability statement 

The raw data supporting the conclusions of this article will be 
made available by the authors, without undue reservation. 

Ethics statement 

The studies involving humans were approved by Ethics 
Committee of Henan Provincial People’s Hospital. The studies were 
conducted in accordance with the local legislation and institutional 
requirements. The participants provided their written informed 
consent to participate in this study. Written informed consent 
was obtained from the individual(s) for the publication of any 
potentially identifiable images or data included in this article. 

Author contributions 

JC: Writing – original draft, Conceptualization, Data curation, 
Formal analysis, Investigation, Methodology, Software. KS: 
Conceptualization, Data curation, Formal analysis, Investigation, 
Methodology, Software, Writing – original draft. JX: Data curation, 
Formal analysis, Investigation, Writing – original draft. YS: Data 
curation, Resources, Writing – original draft. QL: Data curation, 
Resources, Writing – original draft. HZ: Conceptualization, 
Funding acquisition, Project administration, Writing – review 
& editing. XZ: Conceptualization, Funding acquisition, Project 
administration, Writing – review & editing. 

Funding 

The author(s) declared that financial support was received 
for this work and/or its publication. This work was supported 
by the 2023 Henan Provincial Medical Science and Technology 
Research Plan Joint Construction Project (LHGJ20230017), 

2024 Henan Provincial Medical Science and Technology 
Research Plan Joint Construction Project (LHGJ20240037), 
Natural Science Foundation of Henan Province (222300420356), 
Henan Provincial Science and Technology Research Project 
(222102310053), and National Natural Science Foundation of 
China (82171963 and 82371980). 

Acknowledgments 

We would also like to acknowledge the editors of 
this manuscript. 

Conflict of interest 

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest. 

Generative AI statement 

The author(s) declared that generative AI was not used in the 
creation of this manuscript. 

Any alternative text (alt text) provided alongside figures in 
this article has been generated by Frontiers with the support of 
artificial intelligence and reasonable eorts have been made to 
ensure accuracy, including review by the authors wherever possible. 
If you identify any issues, please contact us. 

Publisher’s note 

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their aÿliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher. 

References 

1. Wei D, Luo C, Chen Y, Li J, Niu X. A large sample-based case-control study of 
related risk factors of two types of lichenoid vulvar disease (LVD). Eur J Obstet Gynecol 
Reprod Biol. (2024) 293:15–20. doi: 10.1016/j.ejogrb.2023.12.002 

2. Stockdale C, Boardman L. Diagnosis and treatment of vulvar dermatoses. Obstet 
Gynecol. (2018) 131:371–86. doi: 10.1097/AOG.0000000000002460 

3. Xie X, Wu K. Advances in the pathogenesis of vulvar lichen sclerosus. Mol Biol 
Rep. (2024) 51:396. doi: 10.1007/s11033-024-09318-7 

4. Wortsman X. Top advances in dermatologic ultrasound. J Ultrasound Med. (2023) 
42:521–45. doi: 10.1002/jum.16000 

5. Corvino A, Varelli C, Cocco G, Corvino F, Catalano O. Seeing the unseen with 
superb microvascular imaging: Ultrasound depiction of normal dermis vessels. J Clin 
Ultrasound. (2022) 50:121–7. doi: 10.1002/jcu.23068 

6. Chen X, Zhou L, Xia Y, Wong Y, He Q, Tang P, et al. Superb microvascular imaging 
for evaluating the activity of juvenile localised scleroderma: a preliminary study. Eur 
Radiol. (2024) 34:6376–83. doi: 10.1007/s00330-024-10738-z 

7. Keerthika R, Kamboj M, Girdhar A, Narwal A, Devi A, Anand R, et al. An exotic 
pathogenetic mechanism of angiogenesis in oral lichen planus-A systematic review. J 
Oral Pathol Med. (2023) 52:803–10. doi: 10.1111/jop.13472 
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