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Abstract:

Ultrasonography is now a standard, non-invasive imaging technique used in many areas of medical
diagnostics. Currently it is also an important tool in the diagnosis of skin diseases. Ultrasound
examination of the skin is possible thanks to classic ultrasound scanners equipped with probes with a
frequency of up to 20MHz, as well as high-frequency ultrasound scanners with mechanical probes
with a frequency of up to 100MHz. In clinical practice, High Frequency Ultrasonography (HFU) is
used more and more often because it has proved to be a valuable diagnostic tool for assessing the
condition of skin tissue. The physical conditions of HFU make it possible to estimate the parameters
of the skin structure, such as thickness and echogenicity (a feature related to the center) of its layers in
relation to the surrounding tissues. Therefore, HFU allows to obtain information concerning the
condition of the examined area of the skin., the rate of lession development and the effectiveness of
implemented theraphy. HFU is applied in the imaging of focal skin lesions, including melanoma and
basal-cell carcinoma. It can also be used to monitor the treatment of inflammatory skin diseases and
diseases associated with its thickening. Aesthetic medicine and cosmetology are areas in which the use
of HFU is more and more popular. The aim of this chapter is to familiarize the reader interested in
dermatology and in particular diagnostics in this field, the possibilities associated with the use of HFU.
Purpose — To introduce high-frequency ultrasonography (HFU, > 20 MHz) as an innovative, non-
invasive imaging modality in dermatology, outlining its physical principles and demonstrating how it
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enhances diagnosis, staging and therapeutic monitoring of cutaneous diseases such as melanoma,
basal-cell carcinoma, inflammatory dermatoses and photo-ageing.

Material and Methods — Narrative literature review combined with technical exposition of HFU
devices (20100 MHz mechanical and broadband linear probes). The authors summarise depth—
resolution trade-offs, standard scanning protocols and representative clinical images to illustrate HFU
performance across anatomical sites and skin conditions.

Findings — HFU resolves skin strata down to 10 um, quantifies tumour thickness (Breslow depth) pre-
operatively, delineates BCC margins, detects subepidermal low-echogenic band as a marker of
photoageing or atopic dermatitis severity, and guides real-time assessment of fillers, vascular flow,
oedema and fibrosis. Frequencies of 20-30 MHz visualise full dermis, 50 MHz epidermis/upper
dermis, while lower (7-12 MHz) probes image deeper lesions and lymph nodes.

Value — HFU offers radiation-free, bedside, repeatable skin imaging that improves diagnostic accuracy,
surgical planning and outcome monitoring; its adoption is expanding from research centres into
routine dermatology, aesthetic medicine and cosmetology. Standardised protocols and operator
training are needed to fully integrate HFU into personalised patient care.
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INTRODUCTION

Ultrasound was first introduced into dermatology in 1979, when Alexander and Miller used a
mechanical ultrasound transducer operating at a frequency of 15 MHz to measure skin thickness [1].
Their published scientific article laid the foundation for the development of specialized skin imaging
scanners. In recent years, there has been significant progress in diagnostic methods used in
dermatology. Novel and advanced high-resolution imaging techniques have emerged, such as
reflectance confocal microscopy and optical coherence tomography [2, 3]. Although the clinical
application of these technologies in dermatology is highly promising, skin ultrasonography is gaining
increasing popularity. Technological advancements have made it possible to enhance the frequency of
ultrasound waves generated by the transducer, resulting in images with significantly higher resolution.
As a result, high-frequency ultrasonography (HFU) has become a promising tool that is now being
successfully incorporated into the daily practice of dermatologists. A major advantage of this
diagnostic method is its reliability and safety for patients, due to the absence of ionizing radiation [4].
Moreover, it is a user-friendly, quick, relatively inexpensive, and widely accessible technique [5].
Additional benefits of HFU include real-time imaging capabilities and a general lack of
contraindications for its use.

Basic Principles of Ultrasonography

The term HFU (High-Frequency Ultrasound) has been introduced and reserved for frequencies equal
to or greater than 20 MHz, which are specifically intended for skin imaging. These frequencies allow
for the differentiation of structures smaller than 100 um along the beam axis (axial resolution) and 200
um along the scanning axis (lateral resolution) [4, 6—8]. Probes operating at 20 MHz represent an
established method in dermatology for visualizing the entire skin structure (including the papillary and
reticular dermis, and the upper parts of the subcutaneous tissue—depending on anatomical location).
In contrast, higher frequencies—up to 100 MHz—provide even more detailed imaging of the



epidermis and upper dermis, offering axial resolution around 10 um and lateral resolution of
approximately 84 pm. However, such high-resolution imaging remains primarily in the experimental
phase. Visualizing lesions located in the deeper layers of subcutaneous tissue and evaluating regional
lymph nodes requires greater penetration of the ultrasound waves into these structures, which is made
possible by using frequencies ranging from 5 to 12 MHz [4]. The composition of the tissue determines
the appearance of the ultrasound image because it directly influences the characteristics of the
reflected sound waves. Waves that strike the boundary between two media with different acoustic
properties may be reflected [4—8]. Once reflected, they return to the transducer as echoes of a specific
energy. Waves that are not immediately reflected become attenuated or are reflected at the next
interface encountered between two media. The ultrasound image is essentially a reflection of the
acoustic impedance differences between various tissues. Acoustic impedance depends on the density
and elasticity of a given medium. The greater the difference in acoustic impedance between two media,
the stronger the wave reflection. The most pronounced impedance differences exist between bones or
calcifications and soft tissues. In ultrasound images, bright areas are referred to as hyperechoic, while
dark areas are described as anechoic [4, 6-8].

Frequencies of Applied Ultrasound

Ultrasound imaging of the skin requires the use of transducers operating at higher frequencies than
those used in conventional ultrasonography (up to 20 MHz). Higher frequencies enhance image
resolution, enabling the visualization of finer skin structures. However, this comes at the expense of
reduced penetration depth of the ultrasound beam. Transducers operating at frequencies of 50 MHz, 20
MHz, and 10 MHz penetrate tissues to depths of approximately 3—4 mm, 10 mm, and 35 mm,
respectively (Table 1) [7, 9, 11]. The selection of the appropriate frequency depends on the diagnostic
goal. For imaging the dermis and subcutaneous tissue, a 20-30 MHz transducer is most suitable. The
epidermis is best visualized using a transducer in the 75—-100 MHz range. Transducers operating at
frequencies >20 MHz are classified as high-frequency ultrasound (HFUS) devices. Transducers in the
30-70 MHz range are considered ultra-high frequency (UHF) transducers and are capable of
evaluating minute structures such as sebaceous, apocrine, and eccrine glands [10]. Currently available
devices on the market include standard ultrasound scanners with broadband linear transducers
operating between 10 MHz and over 20 MHz, as well as specialized scanners equipped with
mechanical transducers of fixed frequencies >20 MHz. For comprehensive ultrasound imaging of the
skin, the most optimal approach would involve the combined use of both types of scanners mentioned
above [11].

Frequency [MHZz] Penetraion Depth [mm] Visualized Structures

7,5 >40,0 Deep structures, lymph nodes

10,0 35,0 Epidermis, dermis, subcutaneous
tissue

20,0 10,0 Epidermis, dermis, part of the
subcutaneous tissue

50,0 3,0-4,0 Epidermis, dermis

75,0 3,0 Epidermis, part of the dermis

100,0 1,5 Epidermis only

Table 1. The table presents the varying depth of ultrasound penetration depending on the applied frequency [7, 9, 11].



Ultrasonographic Image of Healthy Skin

In the ultrasonographic image of healthy skin in vivo, three distinct layers can be identified (Figure 1)
[4-8, 12—-15].

Epidermis — (thickness = 0.06—-0.6 mm): This layer appears as a thin, highly hyperechoic band, often
referred to as the entry or initial echo. The epidermis consists of two main cell types: keratinocytes and
melanocytes, located in the outermost layer [12, 15].

The concept of the entry echo remains a subject of discussion. It is debated whether the initial echo
corresponds solely to the stratum corneum or to the full thickness of the epidermis. Some authors
argue that the term "epidermal echo" would be more accurate [8, 14]. The entry echo is most likely
caused by differences in acoustic impedance between the skin and the ultrasound gel applied during
examination [15]. It reflects the outermost part of the epidermis, particularly the interface between the
water-based gel and the stratum corneum. Below this, a second echogenic band may correspond to the
boundary between the stratum corneum and the Malpighian layer [16]. This double entry echo is more
frequently observed in skin with a thick stratum corneum, such as the palms and soles [13]. Studies
have not confirmed a direct correlation between the thickness of the entry echo and the measured
thickness of the stratum corneum or the entire epidermis [8]. Using a 20 MHz probe, it is not possible
to distinguish all layers of the epidermis—only the stratum corneum and the dermo-epidermal junction
can typically be visualized [5, 8].

Dermis — (thickness = 1-4 mm): This layer appears heterogeneous, rich in scattered echoes of varying
intensity. Hypoechoic reflections originate from the extracellular matrix, whereas hyperechoic signals
are generated by collagen fibers. Within this layer, it is possible to visualize vessels, glands, and hair
follicles, which appear as hypoechoic structures. In some cases, deeper layers of the epidermis may
also be visible within the dermis [11, 12, 15]. Dermal thickness varies with anatomical location and
gender. Male skin is generally thicker than female skin. The thickest dermis is typically found on the
torso, neck, and submental area. The thicker the dermis, the more difficult it becomes to visualize
subcutaneous structures [15, 17]. With age, dermal echogenicity also changes. It is most hypoechoic in
newborns. A progressive increase in echogenicity is observed over the following months and continues
into adulthood [15-18]. Dermal echogenicity is influenced by the content of collagen fibers and water.
An accumulation of collagen fibers increases echogenicity, while an increase in water content, damage
to elastic fibers, or the presence of inflammatory or neoplastic cells decreases the overall echogenicity
[12].

Subcutaneous Tissue — (thickness = 5-22 mm): This layer appears hypoechoic (ranging from
anechoic to low echogenicity), within which more echogenic structures can be visualized. Fine, linear,
hyperechoic reflections radiating in various directions originate from connective tissue fibers
separating fat lobules. Depending on the selected frequency, either the entire subcutaneous layer or
only part of it can be imaged. Moreover, the latest generation of ultrasound devices allows
visualization of both arterial and venous vessels. When examining certain anatomical areas - such as
the nose or forehead - underlying bone structures may also be visualized [7, 11, 12, 15, 16].
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Figure 1. The figure presents the ultrasonographic image of healthy skin:
A. Conventional ultrasonography using a linear probe (5—-18 MHz).
B. High-frequency ultrasonography (48 MHz probe).
C. HFU, 48 MHz probe — hair follicles indicated.
D. HFU, 48 MHz probe — sweat glands indicated within the forehead skin [11].

Subepidermal low-echogenic band (SLEB) /Subepidermal non-echogenic band (SENEB)
In the ultrasound image of skin that has been heavily exposed to sunlight, the presence of a
subepidermal low-echogenic band (SLEB) or a subepidermal non-echogenic band (SENEB) can be
observed (Figure 2) [18, 19]. The occurrence of SLEB is most likely associated with solar elastosis,
alterations in collagen structure, and water accumulation [18]. The thickness of the SLEB increases
with age, and its presence has been demonstrated in more than 50% of adults over the age of 40 [20].
Since the presence and thickness of SLEB correlate with skin exposure to solar radiation, it is
considered a marker of photoaging. As a result, SLEB has been used to monitor the effectiveness of
anti-aging treatments [16—18].

Figure 2. The arrows in the figure indicate the SLEB in the ultrasound image of healthy skin. A. Forehead
skin, 50 MHz probe. B. Hand skin, 48 MHz probe [11].



Ultrasound Image Analysis

The ultrasonographic image of the skin is assessed both qualitatively and quantitatively. Qualitative
analysis is performed by the examiner based on visual comparison of images. To evaluate the severity
of a skin lesion, it is necessary to compare the image of the affected skin with that of healthy skin at a
corresponding anatomical location (e.g., if the affected skin is on the right forearm, the image is
compared with that of healthy skin on the left forearm). To monitor therapy progress or disease
progression, images of the same site are compared over time (e.g., comparing the scarred skin before
treatment, during therapy, and after its completion). The most commonly used parameter for
qualitative assessment is echogenicity. Recently, scanners equipped with mechanical transducers have
been introduced, which allow for pixel count measurements within a specific grayscale range in the
area under evaluation. This enables a quantitative determination of echogenicity [11].

Assesed Parameters

The following parameters are subjected to quantitative analysis:

1. Thickness - this is the primary parameter evaluated; the thicknesses of all skin layers
(epidermis, dermis, subcutaneous tissue) as well as SLEB/SENEB are taken into account [11,
21].

2. Surface area and depth of lesions or selected skin tissue structures [11].

3. Blood flow in small vessels - the presence of slow and minimal blood flow in the fine skin
vessels [11].

4. Tissue stiffness and its susceptibility to deformation - measured using sonoelastography [11,
22].

CURRENT APPLICATIONS OF HFU IN DERMATOLOGY

Existing studies show that High-Frequency Ultrasound (HFU) can be particularly useful in imaging
focal lesions—benign lesions, skin cancers (including melanoma and basal cell carcinoma (BCC))—as
well as in monitoring dermatological treatments for inflammatory skin diseases and disorders
associated with skin thickening [4, 7, 12, 13]. Moreover, HFU has found numerous applications in
aesthetic medicine and cosmetology.

Melanoma

Melanoma is a malignant, potentially fatal tumor. Incidence rates of melanoma continue to rise [23].
Among newly diagnosed cases in Europe, the highest mortality rates are observed in Central and
Eastern European countries [24]. Currently, the qualification for surgical removal of a suspected
melanoma lesion is mainly based on dermatoscopic examination. The surgically excised specimen is
then subjected to histopathological evaluation [25]. The most important parameter assessed by
pathologists is tumor thickness, measured in millimeters and refined using the Breslow scale [26].
Other key parameters evaluated include the mitotic rate (mitotic index), satellitosis, distant metastases,
presence of ulceration, and number of involved lymph nodes [26, 27, 28, 29]. The results guide
decisions about potential additional excision margins, sentinel lymph node biopsy, or systemic
treatment implementation [30, 31].



It is undisputed that accurate determination of tumor depth and excision margin size is essential for
effective treatment. HFU, as a non-invasive method, proves highly valuable in the preoperative
assessment of skin melanoma. Tumor thickness measured by HFU correlates well with
histopathological results [32-36]. Precise knowledge of melanoma invasion borders undoubtedly
contributes to an increase in radical surgical procedures. It should be noted that tumor thickness
measured by ultrasound is generally greater than that measured by histopathology [16]. This
discrepancy arises from the presence of inflammatory infiltrate around the tumor (ultrasound
resolution may be insufficient to distinguish inflammatory from malignant infiltration) or pigmented
skin lesions located beneath the melanoma [32, 37]. Tissue shrinkage during histopathological
specimen preparation (biopsy material contraction) also significantly affects thickness measurements.

In ultrasound images, melanoma typically appears as homogeneous echo-enhancing areas [8, 14—16].
The shape of these areas depends on the melanoma subtype. Nodular echo-enhancing areas may be

spherical, whereas superficially spreading melanoma presents echo-enhancing areas as a thin layer
parallel to the entrance echo (Figure 3) [12]. Such an image lacks specific features diagnostic for
melanoma, making it impossible to distinguish melanoma from melanocytic lesions. Melanocytic nevi
appear as echo-free (anechoic) structures, similar to melanoma [4, 5, 16].

Figure 3. The figure shows an ultrasound image of superficial melanoma on the right forearm of a 64-year-
old woman [12].

Analysis of ultrasound images obtained using HFU showed that melanoma can be distinguished from
seborrheic keratosis with 100% sensitivity and 79% specificity. However, the differentiation between
melanoma and melanocytic nevi is very poor, with a specificity of only 30%. Ultrasound images of
melanomas typically show small shadows and most often a thin entrance echo. In contrast, seborrheic
keratosis is characterized by distinct attenuating properties (acoustic shadow) and an increased exit
echo caused by hyperkeratosis [38].

Skin neoplasms - Basal Cell Carcinoma (BCC)

Basal cell carcinoma (BCC) is the most common skin cancer in humans. The incidence of BCC
continues to rise worldwide. The main etiological factor in BCC development is exposure to UV light,
especially UVB. BCC mainly occurs on sun-damaged skin and rarely develops on mucous membranes,
palms, or soles. It is usually a slow-growing tumor that rarely metastasizes. Although BCC rarely leads
to death, it can be highly destructive and deform local tissues if treatment is inappropriate or delayed.
Clinically, BCC typically appears as flesh-colored or pink, pearly papules with ulceration or
telangiectatic vessels [39]. The ultrasonographic image of BCC shows hypoechoic oval or round
structures surrounded by hyperechoic areas (Figure 4) [16, 13]. Additionally, increased entrance echo
can be visualized in BCC, which may show interruptions in the presence of erosions or ulcers [14-16,
40]. In some BCC subtypes, scattered hyperechoic structures described as “cotton flower” can be seen
within the hypoechoic oval tumors [12]. This phenomenon is most likely caused by keratinized cells,



calcifications, nests of apoptotic cells, and necrosis [7, 8, 16]. When defining tumor margins,
approximately 30-70% of BCCs have a clearly defined basal border, and only 50% have a sharp lateral
margin [12]. Sebaceous gland hypertrophy may further complicate sonogram interpretation, resulting
in a blurred image (a “blurred tumor™) [13].

Figure 4. The figure shows the ultrasonographic image of BCC, location — neck [12].

Diseases Characterized by Skin Thickening

An important application of HFU is monitoring the treatment of diseases characterized by collagen
deposition in the skin. An increased number of collagen fibers results in thickening of the skin and
increased echogenicity. Ultrasonographic examination of the skin in systemic sclerosis has
demonstrated skin thickening [41]. In diseases with skin thickening, the phase of the disease
significantly influences the ultrasonographic appearance. Thus, increased echogenicity and thickness
are observed during the sclerosis phase, while the atrophic phase is characterized by skin thinning and
echogenicity similar to surrounding tissues.

Inflammatory Skin Diseases

The ultrasonographic image of inflammatory skin diseases—such as atopic dermatitis (AD), eczema,
and psoriasis—is characterized by a subepidermal low-echogenic band (SLEB) of variable thickness
and reduced echogenicity of the dermal layers [7, 8, 42, 43]. Reduced echogenicity results from
infiltration of inflammatory cells and skin edema. The presence of water causing edema increases the
spacing between collagen fibers, leading to decreased density of the skin tissue. The location of
hypoechoic areas depends on the cause. Hypoechoic areas mainly in the upper dermis are typical for
eczema and are also seen in chronic venous insufficiency. In contrast, hypoechoic areas localized
primarily in the reticular dermis (usually its lower part) are caused by congestive heart failure [44].

The ultrasonographically measured thickness of the SLEB can serve as a justified parameter to
monitor the course of AD because it correlates with the severity of skin lesions during the disease [45,
46]. Comparison of sonograms from AD patients with histopathological examinations shows
statistically significant correlations between the thickness of the hypoechoic band and parameters such
as epidermal hyperplasia, degree of epidermal hyperkeratosis, parakeratosis, and intensity of
inflammatory infiltrates [12, 45]. Furthermore, in some AD patients, a thin SLEB can be detected in
the apparently healthy skin surrounding the inflamed area, which likely reflects subclinical
inflammation [45]. The sonogram of psoriatic scales resembles that of lesions seen in AD. Additionally,
psoriasis exhibits a thickened entrance echo and blurred, perpendicular shadows to the entrance echo,
probably caused by air bubbles trapped between the scales [40]. The total skin thickness within
psoriatic plaques increases and decreases during treatment, which can be visualized using HFU [47].



Aesthetic Medicine and Cosmetology

In aesthetic medicine and cosmetology, ultrasonographic examination of the skin is useful at every
stage of the procedure: from planning and monitoring treatment to evaluating therapy outcomes and
potential complications [12, 13]. The most important applications are listed below.

e Assessment of skin condition and the degree of photoaging, followed by monitoring treatment
effectiveness. In evaluating photoaging, measuring the thickness of the SLEB (subepidermal
low-echogenic band) holds the greatest diagnostic value [10, 48].

e Identification and evaluation of the location and extent of tissue fillers and botulinum toxin.
Tissue fillers are very well visualized in ultrasound images. The most common filler—
hyaluronic acid—is seen as a round, anechoic space [12, 49, 51].

e Assessment of complications following aesthetic procedures [10, 12]. HFU allows monitoring
of early complications such as edema of the dermis and subcutaneous tissue, lymphatic
swelling, abscesses, and hematomas. It also enables control over late complications, including
fat necrosis, granulomas, and fistulas [52].

e Evaluation of subcutaneous tissue, including cellulite, and monitoring of anti-cellulite therapy
[12, 53]. Ultrasound can clearly visualize cellulite, which appears as characteristic rough
projections of subcutaneous tissue into the dermis [12].

e Performing procedures under HFU guidance, such as hyaluronidase injections and
visualization of the reduction in size of hyaluronic acid deposits [49].

CONCLUSION

Ultrasonographic examination using high-frequency ultrasound (HFU) is an extremely valuable yet
significantly underappreciated diagnostic and monitoring tool in the field of dermatology. Despite its
proven utility and growing evidence supporting its applications, HFU remains primarily confined to
scientific and research institutions, where it is most often utilized for advanced studies and clinical
trials. This limited use is likely due to several factors, including the high cost of equipment, the need
for specialized training, and the lack of standardized protocols for skin ultrasonography. Nevertheless,
the landscape is gradually changing, and high-frequency ultrasound devices are beginning to find their
way into routine clinical practice within dermatology offices. This trend is promising, as HFU offers
numerous advantages over other diagnostic methods: it is non-invasive, provides real-time imaging,
allows for quantitative assessment of skin layers and lesions, and can be repeated as often as necessary
without patient risk. Early adoption in everyday clinical settings could significantly improve
diagnostic accuracy, treatment planning, and monitoring of various skin conditions. The integration of
HFU into daily practice is even more advanced in the fields of aesthetic medicine and cosmetology.
These disciplines, driven by rapid innovation and high patient demand for effective and minimally
invasive treatments, tend to embrace new technologies quickly. Aesthetic practitioners often utilize
HFU to assess skin condition, plan interventions such as filler injections or laser treatments, monitor
therapeutic outcomes, and detect potential complications early on. The dynamic nature of these fields,
combined with a strong emphasis on precision and safety, has made HFU an increasingly
indispensable tool. For HFU to become widely adopted across dermatology and related fields, there is
an urgent need to develop clear, standardized, and comprehensive guidelines specifically tailored for
skin ultrasonography. These guidelines should cover aspects such as scanning protocols, parameters to
be measured, image interpretation criteria, and reporting standards. Establishing uniform procedures
would help ensure consistency, reliability, and reproducibility of results across different centers and
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operators. In addition to standardized protocols, the implementation of dedicated training programs for
HFU operators is critical. Ultrasonography of the skin requires a specialized skill set that includes
understanding skin anatomy, disease-specific ultrasonographic patterns, and technical proficiency in
handling high-frequency transducers. Proper training would enhance operator competence, reduce
diagnostic errors, and increase clinician confidence in utilizing HFU effectively. Moreover,
popularizing HFU through conferences, workshops, and educational materials targeted at
dermatologists, cosmetologists, and other skin care specialists will play a vital role in raising
awareness of the technique’s benefits and applications. Increasing familiarity with HFU could lead to
its more routine incorporation into clinical workflows, ultimately benefiting patient care. From a
technological standpoint, high-frequency ultrasound scanners equipped with mechanical transducers
also require further refinement and standardization. Different devices and transducer models may
produce variable results, particularly when assessing echogenicity—a key parameter in skin evaluation.
Harmonizing device calibration and image acquisition settings will facilitate comparison of results
between clinics and improve the overall quality of ultrasonographic assessments. Additionally, the
future development of ultrasound software should prioritize automation and intelligent analysis
features. Automated measurement tools, image enhancement algorithms, and Al-assisted interpretation
can significantly reduce operator-dependent variability and measurement errors, leading to more
objective and accurate evaluations. The various promising applications of high-frequency ultrasound
presented in this paper—from diagnosing skin tumors and inflammatory conditions to monitoring
therapeutic outcomes in aesthetic treatments—underscore its potential to transform dermatologic
practice. By encouraging physicians, cosmetologists, and other skin specialists to embrace HFU, this
technology can become an integral part of everyday patient management, improving diagnostic
precision, guiding targeted therapies, and ultimately enhancing patient outcomes.
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