Top applications of dermatologic
ultrasonography that can modify
management
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Dermatologic ultrasonography is a new field that has been growing exponentially in the last 10
years. It has multiple applications that can modify patient management, such as the assessment
of benign and malignant cutaneous tumors, vascular anomalies, inflammatory dermatologic
entities, aesthetic complications, and nail lesions. Compared with other imaging techniques such
as computed tomography or magnetic resonance imaging, ultrasonography has the highest axial
spatial resolution and has benefited from the development of high- and ultra-high-frequency
probes that could even reach 70 MHz. The daily use of ultrasonography in dermatology has been
reported to improve the accuracy of diagnoses, the tracking of activity, and the assessment of
severity in common dermatologic conditions, which certainly can support better treatment of
patients.
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Key points: Ultrasonography supports the modification of the management of common
dermatologic conditions by enabling an early diagnosis, activity tracking, and severity assessment.
The main applications of dermatologic ultrasonography include benign and malignant cutaneous
tumors, vascular anomalies, inflammatory dermatologic entities, aesthetic complications, and nail
lesions.

Introduction

The use of dermatologic ultrasonography has significantly increased in the last decade. This mainly
seems to be the result of technological advances, such as the increase in the frequency of probes
and a growing number of publications on the topic [1]. To date, the dermatologic applications
of ultrasonography include benign and malignant skin tumors, vascular anomalies, cutaneous
inflammatory conditions, aesthetic procedures, and nail lesions [2-8].

Moreover, published guidelines for performing examinations allow standardization of the procedure
and, therefore, its quality [2,8]. These guidelines recommend that a physician performs and interprets
the examinations. A minimum of 300 examinations per year is considered to assess competence,
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and the recommendations include using color Doppler ultrasound
devices with multifrequency probes operating at a frequency >15
MHz [8]. Multiple options that even reach 70 MHz are now available
on the market.

The axial spatial resolution of high-frequency ultrasonography is
much higher than that of magnetic resonance imaging (MRI) and
computed tomography (CT). This means that ultrasonography can
discriminate patterns in submillimeter structures. In contrast, MRI
and CT need structures that measure >3-5 mm to discriminate a
tissue pattern. The axial spatial resolution of ultrasonography is 100
microns at 18 MHz and 30 microns at 70 MHz, which is comparable
to lower degrees of magnification on histology [1,9].

The success of any imaging technique in the real-world practice
of medicine relies on the capacity to modify the diagnosis and/
or treatment. Dermatology is no exception to this statement.
Therefore, in this review, we will focus on the applications where
ultrasonography can indeed generate a change in the management
of patients.

The images presented in this manuscript were obtained following
the principles of medical ethics of Helsinki, and the patients provided
signed informed consent for the publication of their images.

Basic Anatomical Concepts

On ultrasonography, the "epidermis” presents as a hyperechoic line,
except in the palmar and plantar regions, where it usually manifests
as a bilaminar and thicker hyperechoic layer. The keratin content
mainly provides the echogenicity of the epidermis, and its presence
is higher in the palms and soles, explaining its appearance in these
sites.

Epidermis

Hypodermis

A
Fig. 1. Normal ultrasound anatomy of the skin.
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The "dermis" manifests as a hyperechoic band less bright than
the epidermis, and its echogenicity is primarily given by the collagen
content. The dermis varies in thickness according to the site on the
body; for example, it is thinner in the face and ventral forearms and
thicker in the dorsal and lumbar regions. A hypoechoic band located
in the upper dermis is usually detected in photoaging, which occurs
in sun-exposed areas of the skin. This is called the subepidermal low
echogenicity band, and should not be confused with inflammatory
conditions.

The "hypodermis,” also called subcutaneous tissue or subcutis,
presents as a hypoechoic layer, and its echogenicity is given by the
fatty tissue. Between hypoechoic fatty lobules, there are hyperechoic
linear structures that correspond to fibrous septa (Fig. 1) [10,11].

The "nail unit" comprises the nail plate, the nail bed, and the
periungual skin. The nail plate presents as a hyperechoic bilaminar
structure with a dorsal and ventral aspect. The nail bed appears
as a hypoechoic space. The matrix region is in the proximal part of
the nail bed, where usually the echogenicity of the nail bed slightly
increases. The periungual skin is divided into the proximal nail fold,
the lateral periungual regions, and the hyponychium. The periungual
skin lacks fatty tissue and presents epidermis and dermis (Fig. 2)
[10-13].

The "hair follicles” manifest as oblique or straight hypoechoic
dermal bands. The "hair tracts" can present as trilaminar or
bilaminar hyperechoic structures (Figs. 1, 3). Most of the scalp hair
is trilaminar, and the bilaminar hair tracts, also called villus hairs,
are present in the scalp to a greater extent than in the rest of
the body [10,11,14]. The predominance of villus (bilaminar) over
trilaminar hair tracts in the scalp has been reported in certain types
of alopecia, such as androgenetic alopecia [15].

Hypodermis

These images (A, forearm skin at 70 MHZ; B, plantar skin at 24 MHz) present the ultrasonographic patterns of the epidermis, dermis and
hypodermis at different frequencies. Notice the echostructure of the hair follicle in A.
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Dorsal plate

l

Ventral plgte

Fig. 2. Normal ultrasound anatomy of the nail (longitudinal view;
index finger) at 24 MHz. The vertical arrow shows the dorsal plate
and the oblique arrow presents the ventral plate.

Fig. 3. Normal hair tract (arrow) within a dermal hair follicle
before emerging into the surface at 70 MHz.

On color Doppler, it is possible to detect low-velocity vessels (<15
cm/s) with arterial and venous blood flow in the subcutaneous
tissue and very few vessels in the dermis. This is due to the current
sensitivity of machines, which can usually detect flow >2 cm/s;
therefore, currently, the blood flow within the normal dermal vessels
is difficult to detect on ultrasonography [10,11].

Technical Considerations

The requisites for dermatologic ultrasonography examinations
include color Doppler ultrasound devices operated with linear or
compact linear high-frequency probes (>15 MHz) and a trained
operator. Books, articles, and courses now include dermatologic
ultrasonography in their programs, some of them under the umbrella
of well-known scientific organizations such as the American
Institute of Ultrasound in Medicine (AIUM; http://www.aium.org)
and the European Federation of Societies in Ultrasound and Biology
(EFSUMB; http://www.efsumb.org), among others.

Regarding the technique, it is recommended to use a copious
amount of gel on the surface of the skin and nails and not to
compress the cutaneous vessels. To stabilize the hand in the gel, it
is possible to use the fifth finger. The protocol includes a sweep in
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grayscale in at least two perpendicular axes, color Doppler or power
Doppler, and a pulsed Doppler (spectral curve) analysis. This scheme
makes it possible to discriminate the tissue patterns, the main
vascularity features, distinguish arterial from venous flow, including
arteriovenous shunts, and detect the blood flow velocity.

The limitations of dermatologic ultrasonography include the
detection of lesions that measure <0.1 mm at 15 MHz and <0.03
mm at 70 MHz, epidermal-only lesions, and identifying pigments
such as melanin [10,11,16].

Main Dermatologic Conditions

In these entities, ultrasonographic information provides relevant
anatomical data that cannot be deduced from a dermatologic
clinical examination. This includes the nature (solid or cystic), the
exact size, and location of a lesion or lesions, the layers involved,
a vascular versus non-vascular appearance, the type and velocity
of the vascularity, active versus inactive lesions in inflammatory
conditions, and benign versus malignant appearances, among other
features.

Benign Cutaneous Tumors and Pseudotumors
Multiple tumors and pseudotumors can be studied using
ultrasonography. Among the most frequent are the following:

Epidermal cyst

These are composed of remnants of epidermal components in the
dermis and/or hypodermis and present a granular layer. These cysts
contain keratin and cholesterol crystals and commonly discharge a
cheesy yellowish material. Under inflammation, the cyst suddenly
increases in size and may rupture internally within the skin. The
treatment of epidermal cysts is usually surgical and preferably when
the cysts are intact; therefore, it is important to know in advance
if the cyst is intact or ruptured. Moreover, it should be determined
whether there are remnants of the cyst capsule after a rupture
because this means that the cyst will tend to recur over time. Thus,
if a ruptured cyst undergoes surgery, this capsule remnant should be
removed.

On ultrasonography, a cyst's appearance may vary according
to its phase. If a cyst is intact, it can show a round or oval shape,
hypoechoic or anechoic, but mostly hypoechoic, dermal, and/or
hypodermal structure. In 20% of cases, there is a communicating
tract to the subepidermal or epidermal layer called a punctum.
Sometimes the cyst presents an oval shape with multiple anechoic
bands that correspond to cholesterol crystals that may occasionally
resemble a testicle, a presentation called a "pseudotestes”
appearance.
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When a cyst is inflamed, it increases in diameter and becomes
more heterogeneous. During partial rupture, the hypoechoic keratin
is spread into the neighboring tissues generating inflammation, and
some of the borders become irregular.

In total rupture, there is an internal burst of the cyst, and all
the keratin is spread into the vicinity and sometimes extrudes
outside the skin. The cyst becomes totally irregular, hypoechoic, and
sometimes heterogeneous.

A posterior acoustic enhancement artifact is commonly conserved
in all these stages, which may help identify an epidermal cyst.

Using 70 MHz, it is usually possible to identify remnants of the
capsule of the cyst; however, in some cases, at 18 or 24 MHz, it is
feasible to detect remnants of inflamed fragments of the capsule.
The capsule appears as a thin and slightly echogenic layer when the
cyst is intact, while in conditions of inflammation, it presents as a
hypoechoic band.

On color Doppler, there is a variable degree of vascularity with
slow-flow vessels according to the degree of inflammation in the
periphery of the cyst. In the total rupture phase, some vessels may
be found within the remnant of the cyst due to inflammation and
granulation tissue (Fig. 4) [10,11,16-28].

Pilomatrixoma

Pilomatrixoma is a hair matrix-derived benign tumor commonly
found in children. Clinically, it has been reported to be misdiagnosed
in up to 56% of cases. Thus, it can be clinically mistaken for an
epidermal cyst or other benign tumors, including vascular lesions
[1,10,11,26,27,29].

Fig. 4. Epidermal cyst (24 MHz).
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On ultrasonography, the most frequent form of presentation is
the target type with a hypoechoic rim and a hyperechoic border that
contains hyperechoic spots that correspond to calcium deposits.
The detection of calcium is the key sign for diagnosing this tumor
(Fig. 5). Other forms of presentation are the heterogeneous
and the mixed-echogenicity (anechoic and hypoechoic) forms
[1,10,11,18,26,27,30-37].

Mixed-echogenicity pilomatrixoma is also called cystic or bullous
pilomatrixoma, and its appearance is usually caused by internal
bleeding. The latter form of presentation may be tricky clinically
because it is softer on palpation than the usual pilomatrixoma. The
cause of the internal bleeding can be trauma and/or inflammation,
and it may also present internal hypoechoic septa [10,11,36].

On color Doppler, the vascularity varies and can range from
hypovascular to hypervascular. The hypervascular form of
pilomatrixoma can be clinically mistaken for vascular lesions such as
infantile hemangiomas. This is important because pilomatrixomas
are commonly removed surgically, whereas infantile hemangiomas
are treated with medication such as propranolol or timolol
[10,11,31,36].

Dermatofibroma

This benign fibrous tumor has several variants, and the most
common form of presentation is the nodular type. Other rarer
variants include the aneurysmal, hemosiderotic, and atrophic
subtypes. Clinically, a frequent presentation is an erythematous and
firm nodule in the extremities or the trunk, which may be mistaken
for an epidermal cyst or a pilomatrixoma.

A. Intact (left cheek): grayscale ultrasonography with a color filter presents a well-defined, round-shaped, hypoechoic dermal and hypodermal
structure (*). Posterior acoustic enhancement is noted at the bottom of the cyst (arrows). B. Ruptured (right dorsal forearm): color Doppler
ultrasonography presents a partially lobulated hypoechoic dermal and hypodermal structure with some ill-defined areas at the bottom and a
more intense hypoechoic band on the surface suggestive of a fragment of the capsule. The cyst generates a posterior acoustic enhancement
artifact at the bottom (arrows). The hypervascularity in the periphery of the cyst should be noticed. There is also increased echogenicity of the
surrounding hypodermis due to inflammation.

e-ultrasonography.org
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Fig. 5. Pilomatrixoma of the "target type" (24 MHz; right arm).

Color Doppler (A) and three-dimensional grayscale reconstruction with a color filter (B) show a well-defined, oval-shaped dermal and
hypodermal structure. There are multiple hyperechoic focal areas suggestive of calcifications, some of them with posterior acoustic
shadowing artifact. On color Doppler, there is hypervascularity in the periphery of the tumor.

Fig. 6. Dermatofibroma.
Grayscale (A) and color Doppler ultrasound (B) images (24 MHz; dorsum of the right foot) present hypoechoic ill-defined dermal focal zone
(between markers), slightly fusiform, with a more deeply hypoechoic central part. On color Doppler, there are few vessels within the structure.

On ultrasonography, the nodular type shows an ill-defined
hypoechoic focal dermal zone that may protrude into the hypodermis
and displace the epidermis upward. This focal area commonly
shows an even more intense hypoechoic center and distortion of
the regional hair follicles. On color Doppler, they present no or a low
degree of vascularity with low-velocity vessels (Fig. 6).

In contrast with dermatofibrosarcoma protruberans (a malignant
type of fibromatous tumor), dermatofibromas do not show
hyperechoic pseudopods in the hypodermis, and the fatty tissue is
compressible with the probe [11,38].

e-ultrasonography.org
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Skin Cancer

The main objectives of using ultrasonography in skin cancer include
the need to detect the extent of the tumor, including depth, the
involvement of deeper layers, and the main vessels or structures
close to the tumor. This supports the selection of the type of surgery
(e.g., standard vs. Mohs) or a non-surgical treatment (e.g., topical,
cryosurgery, etc.) according to the characteristics of each tumor.
Ultrasonography is also a useful tool for performing locoregional
staging. More accurate anatomical information could improve the
results of oncologic treatment and the cosmetic appearance of the
patient, allowing a one-time procedure with proper free margins
[38-40].

187


http://www.e-ultrasonography.org

ULTRASONOGRAPHY

Importantly, this information is impossible to obtain from a
clinical examination, although it is critical for surgical planning. This
is a tremendous advantage compared to other imaging techniques
used in dermatology, such as dermoscopy, confocal microscopy, and
optical coherence tomography, which are limited by their superficial
penetration lower than 2 mm.

In comparison with CT and MRI, ultrasonography is the only
imaging technique that enables detection of the primary tumor
[6,38-48].

Non-melanoma skin cancer

Non-melanoma skin cancer (NMSC) is the most common cancer
in humans. It can be divided into basal cell carcinoma (BCC) and
squamous cell carcinoma (SCC). The BCC is the most common
subtype. NMSC is frequently found in regions exposed to the sun,
such as the face.

On ultrasonography, BCC usually appears as an oval, band-like,
or irregular hypoechoic dermal and/or hypodermal structure that
usually presents hyperechoic spots (Fig. 7). However, variable shapes
have been reported in the literature. The number of hyperechoic
spots has been linked to the tumor’s aggressiveness. Thus, it has
been reported that >7 hyperechoic spots within the tumor suggest
a high risk of recurrence, corresponding to histologic subtypes such
as micronodular, infiltrative, morpheaform, and metatypical. The
hyperechoic spots are believed to correspond to compact nests of
atypical cells besides some calcifications and corneum cysts.

SCC presents as a hypoechoic or irregular dermal and/or
hypodermal structure that does not show hyperechoic spots. SCC is
more aggressive than BCC and usually requires locoregional staging

Fig. 8. Squamous cell carcinoma (24 MHz; left cheek).
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because it may present regional metastasis, albeit with lower
frequency than melanoma (Fig. 8).

On color Doppler, the vascularity is variable, but tends to be lower
in BCC than SCC and with low-velocity vessels. However, some
cases of BCC and SCC may present prominent vascularity.

Melanoma
Melanoma is the most lethal skin tumor but, fortunately, the least
common. Melanomas are usually hyperpigmented lesions; however,
there are amelanotic variants that have hidden pigment.

On ultrasonography, melanoma presents as a hypoechoic dermal
and/or hypodermal lesion that may extend to deeper layers.
The depth of melanoma is of paramount importance because it

Fig. 7. Basal cell carcinoma (low risk of recurrence; macronodular
type; 70 MHz; nasal tip). Ultrasonography (grayscale) presents
a hypoechoic dermal lesion (*) with irreqular borders and a few
hyperechoic spots (arrowheads).

Grayscale (A) and power Doppler (B) show a hypoechoic lesion (*) with irregular borders located in the dermis and upper hypodermis.
There is an upward displacement of the epidermis and increased echogenicity of the surrounding hypodermis. On power Doppler, there is
prominent hypervascularity within the lesion and its periphery.
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is linked to the patient's survival rate. On ultrasonography, it is
possible to detect the lesion and measure all axes, including depth
(ultrasonographic Breslow index). On color Doppler, melanomas tend
to be hypervascular with low- or intermediate-velocity vessels.

It is essential to perform locoregional staging of melanomas and
detect satellite (=2 cm from the primary tumor), in-transit (<2 cm
from the primary tumor), and nodal metastases (Fig. 9).

Signs of malignant lymph nodes include size >1 cm (transverse
axis), round shape, asymmetric cortical thickening, hypoechoic inner
nodules, loss of the cortex-medulla difference of echogenicity with
full hypoechogenicity, and cortical and chaotic vascularity.

Knowledge of this critical information enables well-informed
management that starts with a proper treatment selection, including
the decision of a sentinel node procedure [10,11,42-44,49-51].

Vascular Anomalies

Infantile hemangiomas

Infantile hemangiomas are the most common vascular cutaneous
tumors of childhood and show three phases. The first phase is the
proliferative stage, characterized by fast growth after birth. On
ultrasonography, they manifest as a mostly ill-defined, hypoechoic,
and hypervascular dermal and/or hypodermal lesion. On color
and pulsed Doppler, they present arterial and venous flow and
commonly arteriovenous shunts. The arterial peak systolic velocities
may be high and similar to the velocity of important vessels such

Fig. 9. Melanoma in-transit metastasis (24 MHz; right arm).
Color Doppler ultrasound demonstrates a hypoechoic hypodermal
nodule, slightly heterogeneous with lobulated borders and irreqular
vascularity. There is increased echogenicity of the surrounding
hypodermis. The asterisk marks the metastasis.
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as the carotid or the radial arteries. The presence of medium-size
afferent arteries to the tumor may slow the hemangioma regression;
therefore, it is important to detect them.

The second phase is the partial regression stage, and on
ultrasonography, it is characterized by a mixed echogenicity with
hypoechoic and hyperechoic areas and prominent vascularity, but
with a lower number and velocity of the vessels.

The third phase is the total regression phase, characterized
by replacement of the vascular tissue with fibrofatty tissue. On
ultrasonography, lesions in this phase tend to show a mostly
hyperechoic and hypovascular appearance. Some residual low-
velocity vascularity may still be present in the region.

Ultrasonography also allows detecting deeper infantile
hemangiomas that involve glands or muscles. In these cases, these
hemangiomas tend to be better defined, and they present the same
phases of involution and, therefore, similar changes in echogenicity
and the degree of vascularity.

Importantly, ultrasonography supports the diagnosis of infantile
hemangioma and its follow-up; therefore, it may serve as a tool to
decide the start, the type, and the treatment adjustments (Fig. 10).
Thus, superficial infantile hemangiomas (only dermal) are treated
differently than mixed infantile hemangiomas (i.e., involving the
hypodermis and/or deeper layers). For example, superficial infantile
hemangiomas are usually managed with topical timolol, and mixed
hemangiomas are treated with propranolol orally.

In children with =5 cutaneous hemangiomas, it is crucial to study
the liver because it has been reported that liver hemangiomas are
more likely to be present in these patients. Furthermore, congenital
syndromes with brain and spinal abnormalities should be ruled out
in children with hemangiomas in the midline [1,10,11,22,23,37,52-
59].

Vascular malformations

Vascular malformations (VMs) are errors of morphogenesis and not
actual vascular tumors. VMs are a nest of vessels usually present
at birth that show proportional growth and do not involute or
disappear over time. Nevertheless, VMs may be clinically mistaken
for infantile hemangiomas and vice versa, but they present a
different etiology, prognosis, and management.

VMs can be classified into high-flow (arterial and arteriovenous)
and low-flow (venous, capillary, and lymphatic) types. Arterial,
arteriovenous, venous, and lymphatic VMs tend to present as
clusters of anechoic tubules, or lacunar spaces in the dermis and/or
hypodermis. To discriminate these entities, it is necessary to perform
a pulsed Doppler examination (spectral curve analysis) and detect
the type and velocity of the blood flow.

Arterial VMs present curves with systolic and diastolic phases.
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Arteriovenous VMs show a mix of arterial and venous monophasic
flow, commonly an aliasing artifact, and sometimes arteriovenous
shunts with "to-and-fro" waveforms.

Venous VMs present a monophasic flow and reflux under
compression with the probe. Lymphatic VMs do not show inner flow
and are usually non-compressible.

Capillary VMs frequently present as changes in echogenicity
without hypervascularity. Thus, when located in the dermis, they
appear as hypoechoic, and in the hypodermis, as hyperechoic.

Nevertheless, mixed VMs such as venous and lymphatic or arterial
and capillary are also observed.

Ximena Wortsman

Ultrasonography can support guided-percutaneous sclerotherapy,
the decision of laser treatments, and the follow-up and/or surgical
planning of VMs (Fig. 11) [6,10,11,23,27].

Inflammatory Conditions

Hidradenitis suppurativa

Hidradenitis suppurativa (HS) is a devasting autoimmune disease
that affects the hair follicle. It commonly generates inflammatory
lesions in the intertriginous areas, such as the axillary, groin, and
gluteal regions, besides other less commonly affected areas such as
the scalp, face, umbilical, inframammary, and intermammary regions,

Fig. 10. Infantile hemangioma in the partial regression phase (24 MHz; scalp).
A, B. Heterogeneous dermal and hypodermal mass that presents hypoechoic and hyperechoic areas. On power Doppler (B), there is

prominent vascularity in the mass.

A

B

Fig. 11. Arteriovenous vascular malformation (24 MHz; left gluteal region).
Color Doppler (A) and pulsed Doppler (B) show a tortuous vascular hypodermal structure with turbulent flow (aliasing artifact). The pulsed

Doppler (spectral curve analysis) demonstrated a to-and-fro blood flow.
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among others [60,61].

It has been widely reported that clinical scoring systems usually
underestimate the severity of the disease. This is relevant because
the treatment is decided according to the degree of severity of
the disease. Ultrasonography supports its diagnosis, staging, and
management. Moreover, it has been suggested that ultrasonography
could be a standard of care in HS patients to correct the clinical
staging, and it has recently been incorporated in guidelines for
managing HS [62-66].

The ultrasonographic criteria for diagnosing HS include widening
of the hair follicles, decreased echogenicity and thickening of
the dermis, pseudocysts (hypoechoic or anechoic dermal and/or
subcutaneous structures that measure <1 c¢m), the presence of
inflammatory fluid hypoechoic collections (sac-like) and fistulous
tracts, also called tunnels (band-like), that can involve the dermis
and/or hypodermis [1,10,65].

Unlike other types of fluid collections and fistulous tracts, HS fluid
collections and fistulas communicate to the dilated base of the hair
follicles. Hyperechoic bilaminar fragments of hair tracts have been

Curved and dilated hair follicles

Donor sign

ULTRASONOGRAPHY

commonly reported within the HS lesions [1,10,11,27,65,67-88].

Pilonidal cysts are supposed to correspond to a localized variant
of HS, since they are not actual cystic lesions and present similar
sac-like or band-like, dermal, and/or hypodermal structures that
contain multiple fragments of hair tracts [81].

On color Doppler, there are variable degrees of hypervascularity
according to the level of inflammation. It is possible to track the
activity of the disease by monitoring the hypervascularity (number,
thickness, type, and velocity of the vessels) [80,84].

The most common staging system used in HS is SOS-HS, which
counts the main key lesions, such as fluid collections and tunnels,
and has three levels of severity [65]. Tunnels can be classified
according to the degree of fibrosis and edema, their layer of
involvement (dermal and/or hypodermal), or their complexity (non-
communicating or communicating). This information is relevant
because tunnels presenting a higher degree of fibrosis, hypodermal
location, and communicating with other tunnels in the same region
are less responsive to systemic treatment and commonly require
surgery. The presence of hypodermal involvement and fragments of

Ballooning of the hair follicles

Fig. 12. Ultrasonographic signs of early hidradenitis suppurativa at 70 MHz (axillary and groin regions). The arrows on the left show the

donor sign and the arrow on the right demonstrates the bridge sign.
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hair tracts within the lesions seems to be linked to a higher severity
and a perpetuation of inflammation in the disease [11,38,65,74,85].

Early signs of HS can be observed with ultra-high-frequency
devices (70 MHz). These include the presence of curved, dilated, and
ballooned hair follicles, hypoechoic thick bands of keratin retained in
the dermis, usually connecting dilated follicular ostia (bridge sign),
and pseudocysts that present fragments of hair tracts that protrude
towards the neighboring dermis (sword sign) [79].

Since there is subclinical involvement in HS and a need to stage
the severity of the disease, it is recommended to include in the
ultrasound study all the affected regions in a bilateral way. This
anatomical information is critical for the disease's medical and
surgical management (Figs. 12, 13).

Morphea
This is a connective tissue disease that affects the skin (i.e., a
cutaneous form of scleroderma). To date, there is no laboratory test

Ximena Wortsman

for tracking morphea activity, which makes clinical management
difficult. Notably, ultrasonography can support detection of the
activity of the disease, as well as its diagnosis.

The ultrasound activity signs include echogenicity and thickness
alterations of the dermis and hypodermis, loss of the definition
of the dermal-hypodermal border, increased echogenicity of the
hypodermis, and hypervascularity of the dermis and/or hypodermis
[1,10,11,26,89].

The most sensitive signs for detecting activity in morphea are the
loss of the definition of the dermal-hypodermal border, increased
echogenicity of the hypodermis, and the presence of dermal and/or
hypodermal hypervascularity [1,10,11,26,89].

Morphea appears differently according to the phase of the
disease. In active phases, there is thickening and decreased
echogenicity of the dermis with increased echogenicity of the
hypodermis, as well as cutaneous hypervascularity (dermal and/
or hypodermal). However, in the atrophic phase, it is possible to

C

Fig. 13. Key ultrasound lesions of hidradenitis suppurativa (24 MHz; axillary and groin regions).

Pseudocyst (color Doppler) (A), fluid collection (*) (B), and fistulous tract, also called tunnel (grayscale) (C) are shown. The hypervascularity in
the periphery of the pseudocyst in A and the presence of fragments of hair tracts in the fluid collection (B, arrowhead) should be noted. The
pseudocyst is in the dermis, and the fluid collection and tunnel are located in the dermis and upper hypodermis.
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find decreased dermal and hypodermal thickness with the loss of
subcutaneous fat.

Atrophy is not a synonym for inactivity, because inflammation can
still be present in the borders, the center of the lesion, and even in
the adjacent regions.

Moreover, in morphea, it is common to find subclinical activity,
which makes performing the examination critical for properly
managing the disease; therefore, the recommended protocols
include the study of the adjacent regions besides the affected
corporal region. Hence, it is recommended that an ultrasound study
can scan all the corporal segments, and not just the areas with
visible plaque or macules (Fig. 14) [1,10,11,26,89-95].

A scoring system for assessing the degree of activity of morphea
has recently been reported. This score is called US-MAS, and it can
determine the basal and the follow-up degree of activity through
the measurement of grayscale and color Doppler parameters [96].

: Active
= inflammatory

Inactive
atrophy
phase

Fig. 14. Morphea (i.e., cutaneous form of scleroderma; 24 MHz;
top, right breast; middle and bottom, frontal part of the face).
Color Doppler ultrasound images demonstrate the different phases
of activity of morphea from active (top) to inactive and atrophy
(bottom).
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Aesthetics

Cosmetic fillers

Cosmetic fillers are exogenous components used for treating
wrinkles and sagging skin or performing an augmentation in certain
corporal regions. In the last 20 years, non-surgical procedures,
including cosmetic fillers, have presented explosive growth;
however, most of these injections are performed blindly by different
physicians (and sometimes non-medical personnel), at different
institutions, sometimes in different cities and even in other countries.
Furthermore, patients do not always remember the number or types
of procedures performed on them. Therefore, the clinical history
is commonly non-reliable, although this information would be

Hyaluronic acid

Polymethylmethacrylate

Calcium hydroxyapatite

Silicone oil

Fig. 15. Ultrasonographic patterns of common cosmetic fillers (24
MHz; facial region).
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critical for planning a new cosmetic procedure or diagnosing and
managing a complication that can even simulate other dermatologic
conditions.

To date, ultrasonography is the only imaging modality that
allows the detection and identification of the most frequently used
cosmetic fillers (Fig. 15). This is done through the detection of the
main patterns of the fillers and their artifacts [10,11,97-105].

Ultrasonography supports the diagnosis of early (<4 months) and
late (>4 months) complications. Early complications include vascular
occlusions, hematomas, abscesses, overfilling, misplaced injections,
and inflammatory reactions. Among the frequent late complications
are transitory episodes of inflammation and/or edema, granulomas,
and panniculitis [1,6,10,11,101].

Granulomas appear as hypoechoic dermal, hypodermal, and/
or musculoaponeurotic nodules. They can present at the sites of
injection and sometimes as an autoimmune sarcoidal reaction that
generates multiple granulomas in areas of recent and previous
procedures (Fig. 16) [1,6,10,11,101].

Panniculitis is inflammation of the hypodermis, which could
appear at the site or distant from the injection site as a result of
an autoimmune or infectious reaction. This shows an increased
echogenicity of the hypodermis and may be classified as mostly
lobular (without septal involvement), mostly septal (with septal
thickening and hypoechogenicity), and mixed [10,25,101,106-108].

Secondary inflammation of the lacrimal, parotid, and
submandibular glands has also been commonly observed in users
of cosmetic fillers. Therefore, the ultrasound protocol for studying
cosmetic fillers in the face is suggested to include all these glands
[109].

Ultrasonography can support the guided injection of a filler by
providing a map of the main vessels and structures and, therefore,
minimizing the risk of vascular occlusion and misplacement of
the filler. Additionally, ultrasonography can guide percutaneous
treatments in cases with complications such as the use of
hyaluronidase and steroids [97].
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Nail Conditions

These include benign and malignant tumors, pseudotumors,
inflammatory conditions, and location or growth alterations. Biopsies
of the nail are commonly avoided because they can leave permanent
scarring in the matrix; thus, the possibility of identifying the type of
lesion by imaging is of great help to clinicians. On ultrasonography,
it is possible to distinguish whether a lesion originates in the
nail or the periungual region, its nature (solid or cystic), its exact
diameter and location (e.g., proximal, intermediate, distal, central or
eccentric, etc.), the degree of vascularity, and a benign or malignant
appearance, which can be critical for planning the treatment. We
will discuss some of the most common requests for ultrasound
examinations.

Glomus tumor

Glomus tumors are benign tumors derived from the neuromyoarterial
plexus, and their most common location is the nail bed. Clinically,
they usually present with exquisite pain and dystrophic ungual
changes.

On ultrasonography, it is possible to detect the tumor as an oval-
shaped, well-defined hypoechoic nodule that commonly generates
scalloping of the bony margin of the distal phalanx. According to the
size and location of the tumor, it may involve the matrix region and
cause alterations and upward displacement of the nail plate.

Their most common location is the proximal part of the nail bed;
however, other locations, such as the middle or distal part of the nail
bed, have also been observed. Glomus tumors tend to be centrally
located, but they can also be eccentrically located in the nail bed.

On color Doppler, these tumors frequently present hypervascularity
with low flow vessels (Fig. 17). Nevertheless, there are some
hypovascular variants of glomus tumors, such as the glomangiomyoma
histological subtype. Thus, the anatomical information from
ultrasonography can benefit surgical planning. Moreover, it has
been reported that glomus tumors with presurgical ultrasonography
present lower rates of recurrence than those not previously studied

Fig. 16. Granuloma after the injection
of hyaluronic acid in the right cheek
(24 MHz). Ultrasonography (grayscale;
transverse panoramic view) presents
an oval-shaped and slightly lobulated
nodule (*) in the hypodermis. This site was
previously injected with hyaluronic acid.
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A
Fig. 17. Glomus tumor of the nail (24 MHz; left thumb).

ULTRASONOGRAPHY

Grayscale (A) and Power Doppler (B) images show an oval-shaped, well-defined, hypoechoic nodule (between markers in A) in the proximal
part of the nail bed. There is a slight upward displacement of the nail plate and scalloping of the underlying bony margin of the distal
phalanx. On power Doppler, there is prominent vascularity within the nodule.

A

Fig. 18. Onychomatricoma (24 MHz, right index finger).

Grayscale (A) and three-dimensional reconstruction (B) of the nail (with a color filter) show an ill-defined, hypoechoic structure (*) in the
proximal nail bed that presents multiple hyperechoic lines protruding into the nail plate (arrowheads).

[10-13,110-116].

Onychomatricoma

Onychomatricoma is a benign tumor derived from the nail matrix
that commonly generates a yellowish band in the nail plate;
however, some hyperpigmented variants can clinically simulate
melanoma. This tumor may also be clinically confused with other
causes of onychodystrophy.

Ultrasonography can support the diagnosis and management
because onychomatricoma has a pathognomonic appearance that
shows an ill-defined eccentric hypoechoic subungual tumor with
hyperechoic lines or spots that protrude into the nail plate.

On color Doppler, the vascularity varies and may range from
hypovascular to an intermediate degree of vascularity with slow-
flow vessels (Fig. 18) [1,13,116-118].
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Myxoid synovial cyst

Myxoid synovial cyst is a periungual cyst originating in the
distal interphalangeal joint that is commonly associated with
osteoarthrosis. The cyst protrudes into the dermis of the proximal
nail fold and is commonly connected to the joint through a tortuous
tract. It is important to detect the connection of the cyst to the joint
because it should be sealed during surgery; otherwise, the cyst will
tend to recur.

On ultrasonography, it presents as oval-shaped anechoic
structures located in the proximal nail fold, sometimes with
lobulated borders. These cysts can generate an extrinsic compression
of the proximal part of the nail plate and the area of the matrix,
which usually produces a concavity and irregularities of the nail
plate on the same axis of the cyst. The connecting tract to the joint
appears as a tortuous anechoic duct that could go through the
dorsum or the lateral borders of the joint.

On color Doppler, the vascularity is variable and ranges from
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Fig. 19. Periungual myxoid (synovial) cyst (24 MHz; left middle
finger).

Ultrasound grayscale images (longitudinal [A] and transverse view
of the proximal nail fold [B], transverse view of the middle of the
nail [C]) demonstrate an oval-shaped, well-defined anechoic cystic
structure (*) that is compressing the proximal part of the nail plate
(arrows) and therefore, the matrix region. There is a concavity in the
nail plate (C) on the same axis of the cyst.

Fig. 20. Ultrasound patterns of nail psoriasis (color Doppler; 24
MHz; fingernails).

The hypervascularity of the nail beds should be noticed, as well as
the morphological alterations. A-C. On ultrasonography, loss of
definition of the ventral plate, hyperechoic deposits in the ventral
nail plate (A), thickening and decreased echogenicity of the nail bed
(B), and a wavy and thick nail plate (C, arrows) are suggestive of
nail psoriasis.
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hypovascular to hypervascular in the periphery of the cyst (Fig. 19)
[10,11,13,116].
Frequently, there are osteophytes and mild synovitis of the distal
interphalangeal and/or interphalangeal joints [10,11,13,116].
Sometimes there are myxoid cysts in multiple fingers, many of
them small and subclinical [10,11].

Nail psoriasis

Nail involvement in psoriasis has been linked to a higher frequency
of psoriatic arthropathy. This could precede or be concurrent with
the cutaneous disease. One of the main clinical problems of nail
psoriasis is that it could present challenges for discriminating this
entity with onychomycosis and other inflammatory conditions.

On ultrasonography, there are patterns suggestive of nail psoriasis,
such as the thickening and decreased echogenicity of the nail bed,
hyperechoic deposits in the ventral nail plate, loss of definition of
the ventral plate, and a wavy and thick nail plate.

Nail plate

= ~Proximal naiffold
: = L3y
o>

Distal phalanx
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In some cases, there is also epidermal and dermal thickening
with decreased dermal echogenicity in the proximal nail fold and
hyponychium.

On color Doppler, the vascularity is variable according to the
degree of inflammatory activity of the disease, with slow-flow
vessels (Fig. 20) [1,10,11,119-130].

Retronychia
Retronychia refers to the posterior embedding of the nail plate, and
it is commonly associated with onychomadesis (i.e., fragmentation
of the nail plate). This condition can clinically simulate an infection
because it can cause erythema and swelling of the proximal nail
fold; however, it is an alteration of the location of the nail plate
frequently related to trauma.

The ultrasonographic signs of retronychia include the presence of
a hypoechoic halo surrounding the proximal part of the nail plate,
shortening of the distance between the origin of the nail plate and

Fig. 21. Retronychia at 24 MHz.

A. Power Doppler (left first toe) presents
thickening and hypoechogenicity of the
nail bed, fragmentation of the proximal
nail plate (onychomadesis), thickening and
hypoechogenicity of the proximal nail fold.
There is a halo sign (*, hypoechoic band)
in the periphery of the origin of the nail
plate with hypervascularity of the proximal
nail fold. B. Grayscale comparative views
side-by-side show a decreased distance
between the origin of the nail plate and
the base of the distal phalanx on the left
side (retronychia) versus the right side (4.8
mm vs. 9.2 mm).
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the base of the distal phalanx (affected side versus non-affected
side), and decreased echogenicity and thickening of the proximal
nail fold. In the acute phases, there is hypervascularity of the
proximal nail fold and proximal part of the nail bed with low-flow
vessels (Fig. 21). Ultrasonographic criteria for diagnosing bilateral
retronychia have also been reported in the literature [10,131-133].

Summary

Ultrasonography can be a powerful tool in dermatology to support
the diagnosis and the provision of critical anatomical information for
common dermatologic entities, which can allow management to be
modified.
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