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The era of ultrasounds in dermatology started in 1979, when pioneering use of 15 MHz by Alexander and Miller in
measuring the skin thickness was introduced. Since then, some new applications of high-frequency ultrasonography
(HF-USG) have emerged providing the clinicians with an extra hand in their everyday practice. The main advantages
of HF-USG include the possibility of real-time imaging, measurements of morphological and physiological aspects
of the skin, safety associated with the use of non-ionizing media as well as the lack of contraindications to its per-
formance. Currently the main clinical use of HF-USG in dermatology regards preoperative assessment of the depth
of invasion in melanomas and basal cell carcinomas. The ultrasound image analysis allows noninvasive follow-up
of inflammatory skin diseases, like atopic dermatitis, psoriasis and may be used for monitoring effectiveness of

therapy in skin lymphomas and sclerotic skin diseases.

Key words: high-frequency ultrasonography, basal cell carcinoma, melanoma, atopic dermatitis, mycosis fungoides,

hypokeratosis.

Introduction

In the recent years a great progress has been made
in diagnostic methods used in dermatology. Researchers
have gained the possibility to examine skin with novel
advanced high resolution imaging techniques, includ-
ing reflectance confocal microscopy and optical coher-
ence tomography [1, 2]. Although the use of the above
techniques in clinical and experimental dermatology is
highly promising, especially for the quasi-microscopic
characterization of skin tumors, still the skin ultrasonog-
raphy (USG), as one of the oldest visualizing method in
dermatology, cherishes an unflagging popularity as an
in vivo rapid and relatively cheap method of examination
[3, 4]. The possibility of real-time imaging, measurements
of morphological and physiological aspects of the skin,
safety associated with the use of non-ionizing media as
well as the lack of contraindications to its performance,
are the other advantages of skin sonography.

The pioneering use of waves of 15 MHz in dermatol-
ogy was introduced by Alexander and Miller in 1979, to
measure the thickness of the skin [3]. Since then, some
new applications have emerged providing the clinicians
with an extra hand in their everyday practice. In this pa-
per we sum up the current applications for high-frequen-

cy ultrasonography (HF-USG) in clinical practices on the
basis of our 10 years of experience, as well as literature
data. We describe both the underlying principles of this
method and present its advantages and possible limita-
tions in regards to well-defined applications.

Back to the basic principles of ultrasound...

The term HF-USG was proposed for frequencies equal
to or above 20 MHz, which are dedicated to depict the
skin and enables to differentiate the structures of less
than 100 um on the beam axis (an axial resolution) and
200 um on the scan axis (lateral resolution) [5-8]. While
20 MHz is a well-established method in dermatology
used for scanning the whole skin (papillary, reticular
dermis and upper parts of subcutaneous tissue — de-
pending on the localization), higher resolutions in the
range up to 100 MHz will allow for much more detailed
imaging of the epidermis and the upper dermis — with
an axial resolution of approximately 10 um and lateral
84 um (however such probes are still used experimen-
tally). The detection of lesions located within the lower
parts of subcutaneous tissue, as well as for examination
of regional lymph nodes, needs greater penetrations of
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the wave to these structures, which are possible with
5t0 12 MHz [5].

It is worth emphasizing that the USG image depends
on the tissue composition, which influences the properties
of the reflected sound wave. Some waves falling on the
boundary of the two media with different acoustic proper-
ties are reflected [5-9]. They return to the transducer as an
echo with a certain energy. Other waves penetrate deeper
to e.g. find the next border or to be muted. Ultrasound im-
age is therefore a reflection of acoustic impedance of div-
ers centers, which is the exponent of the resistance that
puts a tissue propagation and which depends on the den-
sity and elasticity of the resort. The greater the difference
in acoustic impedance, the more the wave is reflected. The
biggest differences are between soft tissue and bone or
calcification — where we may observe a very strong echo
and acoustic shadow [5-8].

Presentation of type B (brightness) is the most com-
monly used in dermatological applications and allows the
display of a set of points in the form of two-dimensional
image [6]. Echo returning to the transducer is converted
to dots. Their width corresponds to the echo at its base,
and the brightness to the received amount of energy. So
the more the waves were reflected, the more this spot is
brighter. Finally, the amount of returning energy is a func-
tion of time and is encoded in a color scale ranging from
0to 255 [5, 7). Regardless of the encoding method, black
areas are referred to as an anechoic one, while white ar-
eas as a hyperechoic one. To illustrate the skin in the
presentation of type B, the linear probes were used. Ad-
ditionally some ultrasound devices enable three-dimen-
sional image reconstruction (3D) [6, 7].

How the healthy skin looks like

An ultrasound image of healthy skin is divided into

3 layers [5-11]:
« entrance echo (entry echo) — highly echogenic band,

« dermis (often with the deeper layers of the epidermis)
—layer rich in dispersed echoes of varying intensities,
* the subcutaneous tissue — an anechoic or low echo-

genicity layer in which it is sometimes possible to ob-
serve the structures with enhanced echogenicity re-
lated to the presence of septae.

It is debatable whether the entry echo corresponds to
the full thickness of the epidermis or it is only related to
the thickness of stratum corneum. Some authors suggest
using the term “echo from the epidermis” [8, 10]. In Cam-
marota et al.’s opinion, entry echo is produced by the
differences of the acoustic impedance between gel and
the skin [12]. According to Seidenari, entry echo contains
the upper part of epidermis which is related to the wa-
ter/stratum corneum interface, while the echo-rich line
beneath corresponds to stratum corneum/stratum Mal-
pighi interface [12]. It is believed that this double entry
echo (bilaminar according to Wortsman) is more likely to
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be detected within localizations with thick stratum cor-
neum, like palms and soles [13].

In previous studies there were no correlations between
the thickness of the entry-echo and histologically mea-
sured thickness of the stratum corneum or full-thickness
skin [8]. Both structures (layer Malpighi and papillary skin)
have similar echogenicity (a result of similar acoustic prop-
erties) and with the use of 20 MHz transducer it appears
that there is no possibility of varying the different layers of
the epidermis (beyond the stratum corneum), or to visual-
ize the dermo-epidermal junction [8, 9].

Below the entry echo there is a less echogenic layer,
with the thickness varying depending on the anatomical
locations from 1to 2.5 mm, which expresses the dermis
and possibly the lower layers of the epidermis [7, 12]. This
part is characterized by heterogeneous echogenicity. In
general the upper parts (papillary dermis) are less echo-
genic than lower (reticular layer), what is related to the
tighter packing of thick parallel arranged bundles of col-
lagen in deeper layers of the skin [9, 12]. Additionally,
within the dermis hair follicles can be observed, which
are hypoechogenic structures.

Olsen et al. revealed the differences in skin thickness
in regards to sex and localization. Female skin is thinner
than male skin and extremity skin is thinner than truncal
skin [14]. Also echogenicity of the dermis varies as a func-
tion of age. It is the lowest in newborns, then enhances
after a few months of life to a progressive increase in
adult individuals [12, 14, 15].

The echogenicity of the dermis is influenced by sev-
eral factors, like orientation of collagen fibers, type of
ground substance and water content [5-12]. Any patho-
logical conditions associated with the accumulation of
fibers in the skin will therefore cause an increase in its
echogenicity. And on the other hand — damage for ex-
ample of elastic fibers, increased numbers of cells (in-
flammatory, neoplastic) or enhanced water content will
be responsible for lowering the total echogenicity of this
layer. For inflammatory dermatoses (psoriasis, eczema,
atopic dermatitis) as well as in mycosis fungoides, simi-
larly to the skin elastosis, subepidermal low echogenic
band (SLEB) is easy to detect [16, 17].

The phenomenon detected within sun-exposed skin
underneath the entry echo in elderly individuals is the
presence of the subepidermal anechogenic or low echo-
genic band known as SLEB. The SLEB was first reported
in 1989 by de Rigal et al. and its origin is not well under-
stood, probably it is derived from skin elastosis and accu-
mulation of glycosaminoglycans, which possess increased
water-binding capacity [9, 12]. Due to the fact that SLEB
can be observed within the skin exposed to sun, it may
serve as a marker of photodamage and can be used to
demonstrate the efficacy of anti-aging preparations [9, 12,
14, 15]. Sandby-Mdller et al. reported that SLEB increased
significantly with age at both the forehead and at the dor-
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sal aspect of the forearm, and was present in over 50% of
adults above the age of 40 years [18].

The subcutaneous tissue is a structure of lack/low
echogenicity, hence the boundary between the dermis
and hypodermis is easy to visualize. Occasionally, in the
subcutaneous tissue, we can see septae dividing the
body fat, as well as fascia and vessels, and in specific
locations, such as the forehead or nose, we can also ob-
serve the surfaces of the bones [7, 12].

Skin malignancies

Currently the main clinical use of HF-USG in derma-
tology regards preoperative assessment of the depth of
invasion in melanomas and basal cell carcinomas (BCC).
Especially in melanomas, preoperative determination of
the surgical margin determines the future management
and patient’s prognosis. Ultrasound of BCC and mela-
noma present similarly — as hypoechoic circular or oval
shape structures surrounded by hyperechoic areas [12,
13, 19] (Figures 1, 2). This makes the use of HF-USG in the
final diagnosis of the type of the tumor not completely
possible. Also differentiation between the benign and
malignant tumors on the ultrasound pattern is unlikely,
although some authors postulate that benign tumors as
well as BCC present more internal echoes than melano-
mas [12, 20]. Additionally, in some cases reported below,
USG image analysis of skin tumors may show features
which facilitates recognition [12, 19, 20].

Usually the boundary between hypoechoic infiltration
of cancer and hyperechoic dermis is sharp and easy to
observe, hence it is possible to determine the dimensions
of the tumor. Only in the case of tumors which cross the

border of the dermis and penetrate into the subcutane-
ous tissue (that is hypoechoic), the depth of infiltration
cannot be assessed [8-13].

Sonograms of non-melanoma skin cancers
(NMSQ)

In BCC, increased entry echo can be visualized, while
in the case of concomitant erosions and small ulcers —
its break is detected [9-12]. Additionally, some research-
ers described the strengthening of the echo within the
dermis underlying the tumor, particularly in nodular BCC
[12, 13, 20]. Furthermore, in some subtypes of BCC within
the hypoechoic tumor in homogeneously scattered hy-
perechoic, fine structures known as “flower cotton” can
be observed [21]. These phenomena probably respond
to calcifications, cornified cysts, nests of apoptotic or
parakeratotic cells as well as cell necrosis 7, 8, 12]. Not
all BCC have sharply defined borders, it is estimated
that 30-70% of BCC present a well-defined base border,
while 50% of them is sharply demarcated laterally [12,
20]. Most difficulties in exact assessment of tumor mar-
gins regards morpheaform and infiltrative types of BCC.
The hyperplasia of sebaceous glands especially on the
nose presenting as blurriness (blurry tumor) may also
contribute to the difficulty in image interpretation [13].
Important limitation in establishing BCC size is concomi-
tant presentation of elastosis within sun-exposed areas,
which as mentioned above, also shows decreased echo-
genicity [7-9].

Due to the presence of scales or crusts on the surface
of squamous cell carcinoma, we can often observe shad-
ows running perpendicularly to the surface of the skin,

Figure 2. Melanoma superficiale — the right forearm of a 64-year-old woman
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which in effect may prevent making correct analysis of
the image [12, 20].

Sonograms of melanoma

Typically in melanomas, homogenous echo-lucent ar-
eas can be observed, which is the opposite to BCC[8, 11,
12, 20]. The shape of this area depends on the subtype,
where the nodular form may have a spherical arrange-
ment, while in superficial spreading melanoma, the echo-
lucent area is reported as a thin layer located parallel to
the entry echo (Figure 2). However, there are no ultraso-
nographic features pathognomonic for melanoma. It is
therefore impossible to differentiate melanoma from me-
lanocytic nevi. The latter present themselves as anechoic
structures like melanomas [3, 5, 12]. The analysis of the
USG image by Harland et al. (with detailed assessment
of acoustic shadowing and entry echo line enhancement)
revealed that HF-USG could distinguish melanoma from
seborrheic keratosis (basal cell papillomas) with 100%
sensitivity and 79% specificity, while differentiation
between melanomas and melanocytic nevi using this
method is poor (30% specificity) [22]. Seborrheic kera-
tosis presents marked attenuating properties (acoustic
shadow) and enhanced entry echo due to the hyper-
keratosis, what is in contrast to melanomas, where little
shadowing and usually thin entry echo is observed [22].

Other oncological applications of HF-USG

Another use of ultrasound in skin oncology, which is
worth mentioning, is the ability to visualize the thickness
of the neoplastic infiltration in skin lymphomas. In my-
cosis fungoides, within lesions, the hypoechoic band is
visible just below the entry echo (SLEB), which thickness
may correspond to the severity of the disease. The SLEB
thickness measurement can also be used to monitor the
effects of the therapy applied [17, 23].

Correlation between histologic and sonometric
parameters in skin tumors

From the clinical point of view, the agreement be-
tween ultrasound and histological measurements in re-
lation to the depth of tumor invasion in melanoma and
BCC is well documented. Many studies have confirmed
the high correlation between the two methods of up to
88% and 96% (correlation coefficient) [19, 24-28]. This
is particularly important in planning the extent of the
surgery. Good knowledge of the limits of infiltration may
contribute to an increased percentage of radical treat-
ments. It is known, however, that the thickness of the
tumor determined by ultrasound is slightly greater than
the thickness determined histologically [12, 20]. This dif-
ference is due to the shrinkage of the tissue during his-
tological preparation and the presence of inflammatory
infiltrate around the tumor (with ultrasound resolution
insufficient to distinguish malignant infiltration from in-
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flammatory one). In BCC, this inflammation underneath
the tumor mass (made of dilated vessels and giant cell
infiltration) is called “angles of the bottom” [13].

Desai et al. confirm that skin sonography may im-
prove surgical precision in BCC. They assessed fifty su-
perficial and nodular BCC with a good correlation be-
tween clinical and ultrasonic measurements in terms
of width, depth, and length [29]. In another study where
Mohs surgery was used in BCC and SCC in relation to
tumors with clinical areas greater than the median of
1.74 cm? sensitivity of ultrasound was 80% and specificity
84%, however HF-USG failed to detect subclinical tumor
extensions with accuracy [30].

The disagreement between sonometric and histo-
pathological measurements in melanomas accounts
for tenths of a millimeter. Hoffmann et al. examined
55 melanomas and found sonometric values of melano-
ma greater by 0.4 mm in comparison to histometry [20].
The overestimation of the melanoma size may be caused
by dense infiltrate of lymphocytic infiltration (related to
regression phenomenon) or by dermal nevus compo-
nents underneath the melanoma tissue as well [19, 31].
Additionally the shrinkage of the biopsied material is not
without significance.

Very thin melanomas cannot be detected with
20 MHz and for such tumors with the thickness less than
1 mm, higher frequencies were also evaluated [7]. Hayas-
hi et al. used 30 MHz USG and reported a good corre-
lation between sonographic and histologic thickness
(r = 0.89), while in melanomas affecting soles the correla-
tion was even higher (r = 0.94 [31]). Pellacani and Seidenari
in 2003 proposed an algorithm based on echographic, clin-
ical and videomicroscopic criteria for preoperative evalua-
tion of melanoma thickness and differentiation between
thin and thick melanomas. They recommend the use of
HF-USG (20MHz) as the first step in this algorithm [19].
In 2008 Guitera et al. proposed 75MHz scanner in inva-
sive melanomas with high concordance with histometry
(r = 0.908) [27].

Inflammatory diseases of the skin

In inflammatory skin diseases (eczema, atopic der-
matitis (AD), psoriasis), SLEB of varied thickness and de-
creased echogenicity of the other layers of the dermis
may be shown (Figure 3) [7, 8, 32, 33]. The lower echo-
genicity of the skin is mainly due to swelling of the skin
and inflammatory cell infiltration. The skin edema, due
to the presence of water, grows the distance between
the collagen fibers resulting in decreased density of the
tissue. Areas of reduced echogenicity can be observed
in both the upper and lower layers of the dermis, what
is largely dependent on the triggering cause. In eczema,
as well as in chronic venous insufficiency (stasis derma-
titis), localized hypoechoic areas primarily in the upper
layers of the dermis can be visualized, while the swelling
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Figure 3. Subepidermal low echogenic band in a 26-year-old patient suffering from atopic dermatitis

caused by congestive heart failure is primarily located
within the lower part of the reticular layer, adjacent di-
rectly to the subcutaneous tissue [34].

A characteristic feature of the sonogram of AD is the
presence of SLEB, which may be accompanied by lower,
as compared to the healthy skin, echogenicity of the
other layers of the skin [9, 12, 14, 15, 32]. The SLEB thick-
ness measurement correlates with the severity of skin
lesions in AD and can be used as an objective parameter
monitoring the course of disease [35-37]. We compared
the sonograms of AD patients with histopathological
examination and found statistically significant correla-
tions between the hypoechoic band thickness and the
following parameters: the degree of epidermal hyperpla-
sia, the degree of epidermal hyperkeratosis, the degree
of parakeratosis and the degree of spongiosis as well as
the intensity of inflammatory infiltrates. Skin echogenici-
ty strongly correlated negatively with the intensity of in-
flammatory infiltrates [35]. Moreover, in some patients
with AD within healthy skin around the affected region,
we could detected also thin SLEB. It seems that this phe-
nomenon may be related to the presence of subclinical
inflammation [32].

An ultrasound image of psoriatic plague presents it-
self similarly to AD. In addition to the SLEB, in psoriasis
we may detect thickened entry echo and streaky, perpen-
dicular to the entry echo shadows caused most likely by
air bubbles trapped between the scales [9]. Furthermore,
the total thickness of the skin within psoriatic plaques
is increased and its reduction during the therapy can be
objectively shown [38].

Another documented application of ultrasound in
dermatology is the evaluation of the patch test. Sono-

graphic analysis of patch test results revealed that an
increase in skin thickness (related to the severity of skin
swelling) was related to the intensity of the allergic reac-
tion [12] (Figure 4).

One of the newest utilization of USG in dermatology
is ultrasound staging and diagnosis of hidradenitis sup-
purativa [39, 40]. Wortsman proposed sonographic scor-
ing of hidradenitis suppurativa based on the amount and
differentiation of sonographic main type lesions (pseudo-
cysts, fluid collection, fistulous tracks). The ultrasound
image analysis was able to detect the large number of
subclinical lesions that could not be reliably discriminat-
ed through palpation only [13, 39].

Diseases of the skin thickening

One of the earliest applications of HF-USG is the
monitoring of the therapeutic effect of diseases associ-
ated with excessive accumulation of collagen in the skin
[41]. An increase in depositions in collagen fibers enhanc-
es the echogenicity of the skin and its thickness. In the
case of systemic sclerosis, skin thickness was measured
within the phalanges (mainly distal and middle), and its
thickening as compared to the control group was demon-
strated [41, 42]. In morphea or the sclerodermic variant of
chronic graft versus host disease (GvHD), a clinically no-
ticeable tightening of skin appears, which on sonograms
presents itself as an increase in skin density [43]. It is
worth noting that in the case of these diseases, a signifi-
cant impact on the ultrasound image relies on the clinical
phase of the disease. Increased echogenicity and thick-
ening of the skin is visible only during the sclerotic phase,
while in the inflammatory phase, a reduction in its echo-

Figure 4. A vesicle in patch tests — positive patch test result towards nickel sulfate
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Figure 6. Circumscribed palmar hypokeratosis

genicity can be observed. On the other hand, the atrophic
phase is characterized by the thinning of the skin which
echogenicity is similar to the surrounding tissue. Image
analysis is complicated by the fact that inflammatory
and sclerotic phases often coexist even within the same
plaque. It seems, therefore, that the thickness of the skin
in such diseases is a more important parameter than the
assessment of its echogenicity.

Cosmetic applications

As it was mentioned at the beginning, the measure-
ment of skin thickness, especially the analysis of SLEB
width within the sun-exposed areas, contribute to the
use of HF-USG in anti-aging medicine. The detection
and identification of cosmetic fillers seem to be another
spreading application of HF-USG [15]. A typical USG image
of hyaluronic acid deposits is round or oval-shaped, an-
echoic pseudocysts. With the use of HF-USG it is possible
to perform ultrasound-guided hyaluronidase injections
and visualize the decrease in the size of the hyaluronic
acid deposits [44]. Similarly to hyaluronic acid injections,
also injections of botulinum toxin A can be visualized so-
nographically, but in this case they produce an increase in
subcutaneous echogenicity with blurriness at the border
between subcutaneous and muscle tissue [13, 45].

The use of HF-USG gives the opportunity for the mon-
itoring of anticellulite therapy [46, 47]. Cellulite appears
as rough ingrowths of subcutaneous tissue into the der-
mis what may resemble saw teeth. The treatment of cel-
lulite provokes smoothing the border between skin and
subcutaneous tissue and reduction of strands penetrat-
ing the dermis [48, 49] (Figure 5).
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Other

The use of HF-USG was reported in the assessment of
post steroid skin atrophy [9, 12, 50]. Reduced skin thick-
ness by up to 40% was observed after an intradermal
injection of 0.1 ml of a triamcinolone acetonide suspen-
sion in the course of 4-8 weeks [9, 12]. The potency of
glucocorticosteroids in regards of their atrophogenicity
was evaluated with HF-USG. It was revealed that pred-
nicarbate and hydrocortisone aceponate ointments pro-
duced a similar decrease in skin thickness as correspond-
ing vehicles [50].

Other practical applications of high-frequency ultra-
sound is the monitoring of venous microsclerotherapy
[51]. A prick of the blood vessel can be performed under
ultrasound control and the vessel diameter can be evalu-
ated after surgery.

Moreover, HF-USG may serve as a useful tool in recog-
nition of rarely diagnosed disease — circumscribed palmar
hypokeratosis — where characteristic ultrasonographic fea-
tures were firstly described by us. Within the affected skin
we can observe single increased entrance echo below which
SLEB is detected. The border between lesional and nonle-
sional skin is typically sharply accentuated with enhance-
ment of skin echogenicity. The non-affected skin, at the
border, presented typical double entrance echo (Figure 6).

Conclusions

Ultrasound examination using high frequencies is
surprisingly an underappreciated method among many
used in dermatology. It is worth noting that, for example,
in Germany the ultrasound examination is reimbursed by
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the national health insurance in the case of melanoma,
and learning skin sonography is an important element of
training during specialization. It seems that the routine
use of ultrasound would be particularly useful: (1) in skin
neoplasms including BCC and melanoma, (2) in order to
objectify the assessment of the effects of dermatological
treatment and in the field of so-called aesthetic derma-
tology.
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