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Abstract High-resolution (17 MHz) color-Doppler

ultrasound (US) is used in the evaluation of normal and

pathological skin. To analyze retrospectively the sono-

graphic pattern of healthy skin and of some skin lesions

using Doppler US and to compare the results with der-

moscopy examination and histology to identify specific

patterns of ultrasound for differentiating benign from

malignant lesions. To select among them the Melanomas to

describe their US pattern, the presence and morphology of

vascular signal and to compare their thickness at US with

the Breslow index. After signing informed consent in

accordance with the ethical standards laid down in the

Declaration of Helsinki in 1964 and its subsequent

amendments, 104 patients with skin lesions were retro-

spectively studied. Patients were evaluated with clinical

dermatological examination and Doppler US, and under-

went surgical excision with subsequent histological ana-

lysis. Statistical analysis: the difference between variables

was analyzed with statistical Chi square test or Fisher’s

when appropriate. The strength of the relationship between

variables was analyzed with Pearson’s r coefficient. The

sensitivity and specificity of US tests were also calculated.

Sixty-five malignant lesions and 39 benign lesions were

identified at Doppler US. In the 34 melanomas, typical US

and vascular patterns were identified depending on the

thickness of the lesion and a strong correlation between the

latter and Breslow index was confirmed. Doppler US is a

valuable diagnostic tool for the study of skin and for pre-

excision characterization of skin lesions.

Keywords Skin ultrasound � Color Doppler �
High-resolution ultrasound � Skin lesions �
Melanoma � Breslow index

Introduction

Early identification of the nature of an expansive lesion is

the goal of most of the current research protocols. The

superficial neoplasms often present a doubtful diagnostic

orientation, although the integration of anamnesis with

clinical dermatological examination and modern dermos-

copy examination manages to provide a clear diagnostic

identification most of the times. The integration with a

simple ultrasound test may be a valuable aid in doubtful

cases of malignancy. In recent years, diagnostic imaging

procedures have undergone a profound transformation in

parallel with the rapid evolution of technology and sci-

ence. The development of ultrasound in the dermatological

field is related to the availability of high-frequency

transducers ([10 MHz), to the introduction of techniques

that reduce the artifacts and optimize the power of reso-

lution and to the possibility of studying the vascularity of

expansive lesions of the skin and the formation of new
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Napoli ‘‘Federico II’’, Naples, Italy

123

Arch Dermatol Res (2015) 307:559–566

DOI 10.1007/s00403-015-1538-2

http://crossmark.crossref.org/dialog/?doi=10.1007/s00403-015-1538-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00403-015-1538-2&amp;domain=pdf


vessels with color-Doppler US [2, 3, 5, 11, 13–15, 19–22,

24, 25, 28–32]. Alexander and Miller in 1979 [1] used for

the first time ultrasound to study the skin, creating a one-

dimensional scan with rudimentary equipment and with

insufficient spatial resolution. The study of ultrasound

pathology frequently regards lesions with a thickness

\1 mm thus requiring high-frequency emission transduc-

ers. In the study of superficial organs, in particular in the

field of dermatology, the depth of the region to be

investigated is about 1–2 cm. Therefore, the use of high-

frequency probes, allowing high-resolution imaging, is of

paramount importance; nevertheless, currently used 5- to

17-MHz linear arrays probes also allow the visualization

of deep layers up to 3.5 cm (depth), with an axial reso-

lution of 0.090 mm, thus permitting to complete the study

of superficial tissues. Using variable frequency probes it is

possible to cover a depth of scan extended from 3.5 to

7 cm. High-resolution ultrasonography was also used for

the study of common skin diseases such as psoriasis,

scleroderma, erythema nodosum, sarcoidosis, lymphedema

as well as for the evaluation of local complications due to

the application of topical medications, of implantable

materials for esthetic use and for the monitoring of burns

[5, 15, 21, 23, 25, 31, 32]. The B-Mode technique has

already been used in several studies for the characteriza-

tion of skin growths but in a limited number of patients.

Malignant neoplasms in these studies appeared mainly as

hypoechoic lesions without the identification of specific

sonographic features capable of differentiating the histo-

logical type [1, 3–9, 11, 13, 15, 20–22, 24, 25, 28–32].

The color Doppler was also used to study the vasculari-

zation of lesions such as melanomas, melanocytic nevi and

basaliomas before surgical excision, with melanomas

resulting more vascularized in particular in the central

portion [3, 11, 13, 15, 19–21, 25, 28–32]. The correlation

between the thickness of melanomas measured at US and

histological examination (Breslow index) has been widely

demonstrated in numerous studies showing to be signifi-

cant when high-resolution probes have been used [11, 13–

15, 19–22, 24, 25, 28–32]. In some studies, color Doppler

has proved to be useful in differentiating pigmented

lesions [3, 11, 13–15, 19–21, 25, 28–32] and in a study

with a 5-year follow-up, the degree of vascularization was

significantly related to the risk of metastasis [20].

Aims

The aim of this study was

– To evaluate retrospectively the characteristics of nor-

mal skin by ultrasound examinations performed with a

high-frequency transducer [5–17 MHz].

– To evaluate retrospectively the morphological aspects

of some skin growths at ultrasound B-mode and color–

power Doppler using a high-frequency transducer

[5–17 MHz]; to correlate the results of ultrasound with

dermoscopy examination and histological data to

identify specific ultrasound patterns to differentiate

benign from malignant lesions.

– To select melanomas among the malignant lesions, to

describe their sonographic pattern, the presence and

morphology of vascular signal and to compare their

thickness at US with the histological Breslow index and

check whether or not our data were combined with data

already present in the literature.

Materials and methods

Study of normal skin

The study was performed retrospectively on the material

and data available in the archive at the Radiology

Department of AOUP Federico II (Naples) and has there-

fore been performed in accordance with the ethical stan-

dards laid down in the Declaration of Helsinki in 1964 and

its subsequent amendments. Patients were informed and

expressed their consent for the use of such material for

cumulative and statistical studies.

The normal US pattern of the skin was studied using a

Philips ultrasound machine (iU22) with 5- to 17-MHz

transducer linear arrays.

For the study of normal skin, 20 healthy volunteers (5#)

with average age of 37.5 years (10–55) underwent ultra-

sound of the volar aspect of the forearm (Fig. 1).

Study of skin lesions

The study was performed retrospectively on the material

and data available in the archive. Patients were informed

Fig. 1 5- to 17-MHz transducer, young skin. Sonographic anatomy

of the skin, transverse view. White arrow head epidermis, black

arrow head dermis, black arrow muscle fascia, white arrow

subcutaneous adipose tissue
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and expressed their consent for the use of such material for

cumulative and statistical studies.

Over a period of time of 3 years (2006–2010), 104 skin

neoplasms found in as many patients (46 #) with average

age of 56.5 underwent US examination. Each patient was

subjected to a general clinical examination, a dermatolog-

ical examination and a dermoscopy examination of the skin

lesion and consequently addressed to the Radiology

Department to undergo a preoperative skin ultrasound

examination. A generous amount of gel was used to form a

bearing spacer and avoid compression of the lesions. No

stand-off pad was ever used. The focal zone has been

adapted in relation to the position of the lesion. The lesions

were detected either as a simple thickening of the skin

layers or as expansive formations. The transducer was

oriented so that the maximum axial diameter of the lesion

was parallel to the longitudinal axis of the probe; the

maximum axial diameter and the antero-posterior diameter

were measured for each lesion. The US structure (homo-

geneous–heterogeneous), the echogenicity (hyper–iso–

hypoechoic), the margins (regular–irregular), the

localization in the various skin layers and the maximum

thickness of the lesion were evaluated. In addition, the skin

growths were studied with color Doppler to test the ability

of the method to detect a vascular pattern able to distin-

guish benign from malignant ones. The color and power

Doppler parameters have been set for the study of low-

speed blood flow (color Doppler: PRF 500 Hz, wall filter

27 Hz, gain 75 %, persistent media; power Doppler: PRF

350 Hz, wall filter 45 Hz, gain 85 %, low optimization).

The presence of vascular signal inside and around the

lesion was studied and the measurement of blood flow

velocity (cm/s) and resistance index (systolic velocity -

diastolic velocity/systolic velocity) was carried out with

pulsed Doppler (Doppler frequency 7 MHz, sample vol-

ume size 1.5 mm, wall filter 40 Hz).

After surgical excision, the lesions were subjected to

histological examination at the Department of Pathology,

Faculty of Medicine and Surgery of the University of

Naples Federico II. The lesion was removed, fixed in

neutral buffered formalin, included in paraffin and then

4-lm-thick sections stained in hematoxylin and eosin

Fig. 2 Benign lesions. a Nevus

nodular. Right arm,

dermoscopic examination: the

picture shows a pigmented

lesion characterized by a double

component: peripheral globular

pattern and bluish central

pigmentation; ultrasound

examination: transverse view,

homogeneous hypoechoic

lesion, avascular. b Surface

Nevo. Gluteus region,

dermoscopic examination: the

picture shows a large area with

asymmetric pigmented lesion

regression ([50 %) and

eccentric hyperpigmentation;

ultrasound examination:

longitudinal view, slight

thickening of the dermal–

epidermal junction, avascular.

c Keratoacanthoma. Torso,

dermoscopic examination: the

picture shows a lesion

characterized by a vascular

hairpin pattern and a central

keratin plug with bluish areas

along the periphery; ultrasound

examination: transverse view.

Expansive lesion occupying the

entire dermis region with

inhomogeneous echogenicity,

predominantly hypoechoic, with

very irregular superficial

margins and epidermal

thickening (arrows)
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were set up. In the case of melanomas the histological

index of Breslow was determined. And finally, the mor-

phological pattern at US was correlated with the histo-

logical one.

Statistical analysis

The difference between the ultrasound parameters was

analyzed with the Chi square statistical test. The strength of

Fig. 3 Malignant lesions.

a Squamous cell carcinoma.

Right ear, dermoscopic

examination: the picture shows

a lesion characterized by crust

and hairpin blood vessels in the

periphery. Ultrasound

examination: transverse,

longitudinal view.

Inhomogeneously hypoechoic

lesion with irregular margins

occupying the entire epidermis

and dermis region,

hypervascular. b Basal cell

carcinoma. Right sub-scapular

region, dermoscopic

examination: the picture shows

a lesion characterized by blue–

gray ovoid areas and numerous

telangiectasias. Ultrasound

examination: transverse view.

The hypoechoic and

inhomogeneous lesion extends

to the level of the epidermis and

dermis, and shows regular

margins, hypervascular signal

Fig. 4 Malignant lesions.

a Melanoma. Torso,

dermoscopic examination: the

picture shows a lesion

characterized by an asymmetric

atypical vascular pattern, blue–

white structures of regression

and residual pigmentation.

Ultrasound examination:

transverse view, nodular

hypoechoic lesion; solid nodular

lesion, prevalently hypoechoic,

raising from the dermo-

epidermic junction. The lesion

shows regular margins and is

hypervascular

562 Arch Dermatol Res (2015) 307:559–566

123



the relationship between variables was analyzed by Pear-

son’s correlation coefficient r. The sensitivity and speci-

ficity of the various sonographic patterns were also

calculated.

Results

Study of normal skin

The US appearance of healthy skin is a layer of variable

thickness depending on the site, the age and the constitu-

tional habitus of the patient and is characterized by the

succession of bands with different echogenicities [12]. The

distinction between the layers of the skin is important

because different skin diseases can originate from different

layers (Fig. 1).

The ultrasound image of the non-pathological skin is

composed of three layers: epidermis, dermis, and subcu-

taneous tissue or hypodermis. The echostructure of the skin

layers depends on its main components. In the case of the

epidermis, its echogenicity is influenced by the presence of

keratin, the dermis by its content of collagen, and last, the

subcutaneous tissue by the amount of fat lobules. On

sonography, the epidermis appears as a hyperechoic line in

nonglabrous skin (i.e., not from the palmar and plantar

regions) and as bilaminar hyperechoic and parallel lines in

glabrous skin (palms of the hands and soles of the feet).

The dermis appears as a hyperechoic band, usually less

bright than the epidermis, and the subcutaneous tissue

appears as a hypoechoic fatty layer with hyperecho fibrous

septa in between [31, 32]

With high-frequency and multifrequency transducers,

including the 17-MHz probe, a smooth distinction between

the deep dermis and the superficial dermis begins to be

possible, the latter being slightly more hypoechoic, espe-

cially in case of photoaged skin [23, 26, 27].

Study of skin growths

Of the 104 neoplasms examined, 39 were histologically

benign and 65 malignant. The malignant had thickness

between 0.47 and 11 mm, the benign between 0.6 and

15 mm (Table 1a). At the B-mode ultrasound examination

(Table 1a) 39/65 malignant neoplasms showed prevalent

heterogeneous echogenicity and 26/65 hypoechoic homo-

geneous echogenicity. In distinguishing neoplasms on the

basis of the extension in the various skin layers into lesions

with superficial location, if only the epidermal layer was

interested, and deep lesions, in the case of involvement of

two or more layers, it was observed that most of the

growths showed surface localization, in particular 26/39 of

benign growths and 42/65 malignant ones. The majority of

the lesions presented regular margins, in particular 26/39 of

benign and 37/65 of malignant (Fig. 2). The study with

color Doppler showed internal vascular signal in 54/65

malignant neoplasms and in 10/39 benign lesions

(Tables 1a).

The different vascular pattern showed by malignant and

benign lesions (inner and irregular signal in the former

case, regular and predominantly perilesional in the second

case) has strengthened our hypothesis by which color-

Doppler US added to B-mode US allows to better differ-

entiate the nature of the lesion, constantly to be related to

clinical information (Figs. 3, 4).

The 34 melanomas were also divided into three sub-

groups (Tables 2a, b, c = thickness ultrasound\1,[1,\3

and [3 mm); among the latter, 24/34 (Tables 2b, c) had

intense vascular signal context.

Statistical analysis

The difference between the ultrasound parameters analyzed

with the Chi square statistical test revealed a statistically

significant difference only for the vascular signal parame-

ter. The calculation of the sensitivity and specificity of the

various sonographic patterns indicated that only the eval-

uation of the vascular signal with color and power Doppler

showed good sensitivity and specificity in the identification

of malignant lesions [sensitivity = 0.83 (83 %) confidence

interval (95 % from 73.96 to 92.19 %) and a specific-

ity = 0.74 (74 %) confidence interval (95 % from 60.65 to

88.6 %)]. Furthermore, an increase of the sensitivity (94

versus 83 %) of the ultrasound study in discerning between

benign and malignant lesions was observed if the vascular

pattern was associated with echostructural inhomogeneity

of the lesion. However, a slight decrease of the specificity

(73 versus 74 %) of the latter group was found. It has been

observed also a significant correlation between the US-

detected thickness and Breslow index in Melanomas

(r = 0.9845212–0.9632), in accordance with recent data

from the literature [11, 13–15, 19–22, 24, 25, 28–32].

Discussion

The use of high-frequency ultrasound transducers can be a

non-invasive tool for in vivo pre-excisional characteriza-

tion of the skin lesions [3, 10, 11, 13–15, 19–22, 24, 25,

28–32]. The increased spatial resolution achievable with

the high-frequency transducers greatly improves the ability

of imaging ultrasound in defining the margins and the

depth of the skin growths [3, 10, 11, 13–15, 19–22, 24, 25,

28–32]. Of all the ultrasound parameters detectable, how-

ever, only the vascular pattern detected with color and

power Doppler showed in our study a satisfying capacity in
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the differentiation between malignant and benign lesions

[3, 10, 11, 13, 15, 19–21, 25, 28–32].

In the evaluation of 34 melanomas we detected the

presence of the vascular signal in 24/34 lesions, all of a

thickness greater than 1 mm, and analyzing the morphol-

ogy of the vascular signal we found a majority of regular

signal type with one or two afferent vessels to the lesion.

Only 3/34 lesions with anterior–posterior thickness greater

than 1 mm showed no vascular signal but showed greater

echostructural inhomogeneity. This is in agreement with

literature data that have amply demonstrated that the vas-

cular density detected within the tumor by color Doppler

directly correlates with the metastatic potential. Indeed, in

particular in the case of melanomas, the histopathologically

measured thickness (Breslow index), which is the most

important prognostic factor [4], can be accurately and non-

invasively measured using ultrasound [1, 6, 9–11, 13–32].

Lassau et al. have indeed reported that the thickness of the

tumor indicated by the Breslow index, as well as the vas-

cular density of the tumor identified by color Doppler, is

significantly correlated with metastatic potential and dis-

semination of melanomas [19, 20]. Serrone et al. [28] have

confirmed this and added that for melanomas of thickness

greater than 0.75 mm, the correlation between the

Table 1 a. Study of skin lesions

Histological examination Ultrasound Features

B-MODE Color Doppler

Type Number Echostructure Margins Site Vasculature

Homogeneous Inhomogeneous Regular Irregular Surface Deep Present Absent

Benign lesions

Not melanocytic

Angioma 6 3 3 4 2 2 4 6 0

Keratoacanthoma 4 1 3 1 3 3 1 2 2

Actinic Keratoses 1 1 0 1 0 1 0 0 1

Sebaceous cysts 3 0 3 1 2 1 2 0 3

Fibrohistiocitoma 2 0 2 2 0 1 1 0 2

Granulomas 1 0 1 0 1 1 0 0 1

Pilomatrixoma 1 0 1 1 0 0 1 0 1

Scleroderma 1 0 1 1 0 0 1 0 1

Melanocytic

Blue Nevi 3 2 1 2 1 1 2 0 3

Spitz Nevi 2 2 0 2 0 2 0 1 1

Dermal Nevi 4 3 1 3 1 3 1 0 4

Dysplastic Nevi 10 7 3 6 14 10 0 1 9

Sebaceous Nevi 1 1 0 1 0 1 0 0 1

Total Benign lesions 39 20 19 25 14 26 13 10 29

Malignant lesions

Not melanomas

Basal cell carcinoma 20 6 14 12 8 9 11 19 1

Squamous cell carcinoma 10 1 9 2 8 1 9 10 0

Liposarcoma 1 0 1 1 0 0 1 1 0

Melanomas

Melanomas 34 19 15 23 11 32 2 24 10

Total malignant lesions 65 26 39 38 27 42 23 54 11

b. Frequency of echographic characteristics

Number Inhomogeneous

echostructure (%)

Homogeneous

echostructure (%)

Regular

margins

(%)

Irregular

margins

(%)

Site

surface

(%)

Site

deep

(%)

Vascular

signal (?)

(%)

Vascular

signal (-)

(%)

Benign 39 48.00 51.00 64.00 35.00 66.66 33.00 25.64 74.00

Malignant 65 60.00 40.00 60.00 40.00 64.00 35.00 83.00 16.90
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thickness at ultrasound and the histological thickness was

significantly high; Catalano et al. [9] also demonstrated

that the intralesional Color Doppler signal correlates with

the Breslow index and with patient survival.

However, the detection of vascular signal at color

Doppler within a skin lesion should not be considered as an

absolute marker of malignity, as several benign lesions can

show vascular signal too, among which angiomas are the

most common because of their histological configuration.

In these cases, the color-Doppler findings should always be

related to the clinical examination.

Limitations One of our limits was to have not performed

an integration with the administration of contrast medium,

which surely would have been beneficial to the study of the

vascularity of neoplasms, but unfortunately, being ours a

retrospective study, at the time of the survey such an

integration was still not expected. Furthermore, in the lit-

erature the use of contrast medium for the study of mela-

nomas and skin lesions was then, and is still now, widely

described for the assessment of lymph node metastatic

lesions prevalently with 12-MHz transducers, so there were

not enough data to state a correct setting of the ultrasound

systems and 17-MHz transducer for a contrast media study,

and thus it would have been necessary to use 12-MHz

transducers, with lower resolution in the view of the

uppermost layers [7–9, 16–18, 23–25, 28–32]. However,

given the results of more recent studies [16–18] and the

technological developments of the transducers and ultra-

sound systems, our group has also begun to evaluate the

tumor neovasculature with contrast-enhanced ultrasound.

The use of high-performing ultrasound systems, high-

resolution transducers, abundant quantity of gel, very low

pressure of the probe on the skin by the operator, and the

setting of color and power Doppler for the study of slow

and superficial flows was done in an attempt to minimize

the number of false-negative neoplasms at the vascular

study, which unfortunately seem to affect, as widely

reported in the literature, lesions of thickness less than

1 mm and in particular 0.75 mm according to some authors

[28]. On the other hand, it has been amply demonstrated in

the literature that lesions with these small thickness have a

reduced risk of metastasis [7–9, 19–22, 24, 25, 28–32].

The evaluation of margins can also be of great help to

the surgeon who will remove the lesion. Basal cell carci-

nomas and squamous cell carcinomas even more, in fact,

have a high probability of local recurrence after surgical

excision [13–15, 19–21, 25, 31, 32]. It would also be useful

to apply routine ultrasound study of the surgical scar,

allowing for early detection of any recurrence.

Conclusions

In conclusion, the use of high-frequency ultrasound trans-

ducers (17 MHz) can therefore be a non-invasive tool for

in vivo pre-excisional characterization of the skin lesions.

The use of vascular signal and the US thickness in melano-

mas allows a valid indication to surgical excision, in agree-

ment with the most recent literature [3, 6–9, 11, 13, 14, 19–

22, 24, 28–32]. Sonographymay provide reliable support in a

Table 2 Pattern at vascular ultrasound in \1 mm thickness

melanomas

Thickness (mm) Vascular signal Number afferents Distribution

a. Pattern at vascular ultrasound in\1 mm thickness melanomas

0.60 0

0.90 0

0.80 0

0.55 0

0.45 0

0.20 0

1.00 1 1 II

0.70 0

b. Pattern at vascular ultrasound in\1 mm,[3 mm thickness

melanomas

1.30 1 1 I

1.50 1 2 II

1.65 1 1 I

1.10 1 1 I

1.10 1 1 I

1.30 1 1 II

1.30 1 1 II

1.15 1 1 II

1.15 1 1 II

1.25 0

2.80 1 1 II

2.30 1 1 III

2.45 1 1 III

2.20 1 1 III

3.00 1 2 III

2.00 0

c. Pattern at vascular ultrasound in[3 mm thickness melanomas

3.35 1 2 III

5.80 1 1 III

4.70 1 1 II

7.60 1 2 III

4.75 1 1 III

3.40 1 1 III

9.00 1 2 III

3.10 0

3.50 1 1 I

3.50 1 1 III

Vascular Signal 0 = absent, 1 = present; Number of afferents detected;

Distribution I = widespread, II = peripheral, III = radial
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wide range of common dermatologic conditions. It allows

reasonable discrimination between diseased tissue and

healthy skin tissue, of dermatologic and non-dermatologic

origins, hypovascular and hypervascular lesions. It can also

show critical information otherwise invisible to the naked

eye of a clinician, including, for example, depth and activity

of skin lesions [15, 22, 31, 32]. Therefore, it is clear that

ultrasound examinations of the skin should be performed and

interpreted by a radiologist with a high level of expertise and

training in skin ultrasound, with a standardized technique to

avoid diagnostic errors.
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of interest related to the publication of this article.
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