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Review Article

Abstract
Various benign and malignant tumors may arise from the skin. These may be of epidermal, dermal, subcutaneous 
or appendageal origin. Skin biopsy is the gold standard for diagnosis of skin tumors. There is paucity of published 
data on the role of imaging modalities in diagnosis of skin tumors. High‑frequency ultrasonography (7–50 MHz) is 
a potential non‑invasive, objective modality which can be utilized in the diagnosis and localization of skin tumors. It 
provides valuable information about the tumor characteristics such as size, shape, depth, consistency and vascularity 
before invasive skin biopsy or surgery is planned. Sentinel lymph nodes in malignant melanoma can be well visualized 
and studied by this technique. It is also a good modality to detect local recurrence of tumors during post‑operative 
follow up, especially those with a high likelihood of local recurrence or lesions excised with inadequate margins. 
High‑frequency ultrasonography is additive to clinical diagnosis and can be considered a useful non‑invasive method 
to plan the management of various skin tumors and is of prognostic value in some cases.
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Introduction
There is a wide spectrum of benign and malignant skin tumors 
originating from epidermis, dermis subcutaneous tissue and 
appendageal structures. Clinical acumen of the treating dermatologist 
is usually adequate to arrive at the provisional diagnosis. However, 
assessment of the depth, size and internal characteristics of these 
lesions are not always possible by mere clinical examination.

Inadequate depth of biopsy in a tumor may result in mis‑diagnosis. 
Moreover, in a heterogenous tumor, complete microscopic 
characteristics may remain undetected with a single biopsy. Hence, 
some tumors may require multiple biopsies for confirmation of 
diagnosis.

An objective, non‑invasive investigation, which may be additive to 
clinical examination, assessing the size, shape, characteristics and 

depth of skin tumors would be of great value if undertaken before 
biopsy. High‑frequency ultrasonography is one such tool which can 
be used for evaluation of skin tumors before biopsy or surgery, as 
well as following treatment.

Ultrasound Equipment
Ultrasound equipment consists of a monitor to display an 
image and a lever‑mounted transducer  (probe). The transducer 
contains piezoelectric crystals. Piezoelectric crystals are made 
up of innumerable dipoles arranged in a geometric pattern. If 
a voltage is applied across the transducer in a sudden burst 
or pulse, the piezoelectric crystal vibrates like a cymbal and 
generates sound waves. As this sound pulse travels through 
tissues, echoes are reflected back towards the transducer; this 
results in re‑orientation of the dipoles which in turn produces 
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an electrical signal serving as an image display on the monitor 
screen.

Commonly, the real‑time B‑mode gray scale display is used where 
the depth of an echo is determined by the time taken by the sound 
waves to come back to the transducer. Frequency of the ultrasound 
used is a determining factor in penetration and resolution of the 
imaging system. Frequency of ultrasound is inversely related to the 
depth of penetration and directly to the resolution.

Skin ultrasonography can be performed by various frequencies 
ranging from 7.5 to 50 MHz. Resolution and depth of penetration is 
related to the frequency of transducers used in skin ultrasonography 
and are described in Table 1.1 Since the structures of interest lie only 
a few millimeters beneath the skin surface, frequencies between 
35 and 100 MHz or 1  GHz are ideal for skin ultrasonography. 
This is termed ‘ultrasound biomicroscopy’ as the resolution of the 
image is comparable to a low power microscopic examination. The 
descriptions in this article pertain to skin ultrasonography performed 
with 35 and 50 MHz probes using Paradigm and Sonomed 
ultrasonography machines (USA). To visualize deeper infiltration 
and vascularity of the tumors, 7.5–15 MHz multi‑frequency probe 
with color and pulsed Doppler ultrasonography has been used 
(Aloka 3500 and Aloka alpha 6 ultrasonography machines, Japan) 
[Figure 1a and b].

Ultrasonographic Appearance of Normal Skin
On ultrasound biomicroscopy, the epidermis is visualized as 
a hyperechoic epidermal entry echo. Underneath this is the 
homogenous isoechoic dermis within which the obliquely 
oriented hypoechoic hair follicles, reaching up to the 
subcutaneous tissue are visualized. Underneath the dermis is the 
hypoechoic subcutaneous tissue. The subcutaneous tissue may 
show linear hyperechoic structures corresponding to the septae 
of the fat lobules [Figure 1c].

The common indications of ultrasonographic examination of 
skin are to measure skin thickness, study the atrophogenic 
effects of topical steroids and their therapeutic efficacy in 
chronic inflammatory and granulomatous dermatoses, localize 
and measure tumor thickness, to detect tumor recurrence, and 
study and compare therapeutic efficacy of drugs, lasers and other 
interventions in various skin conditions.1

In case of skin tumors, the three‑dimensional size and outline of 
a tumor as well as its relationship to surrounding structures such 
as vessels can be evaluated. Visualization of tumor characteristics 
(solid, cystic, complex, calcification and necrosis) becomes easy with 

this tool. In addition to conventional B‑mode‑real time sonography, 
newer ultrasound techniques such as compound imaging, extended 
field of vision, color and pulsed Doppler sonography, elastography, 

Table 1: Various frequencies of transducers and related 
resolution and depth of penetration used in skin 

ultrasonography

Frequency of 
transducer (MHz)

Resolution and depth of 
penetration

7.5-15 Axial and lateral resolution: 350 μ
Depth of penetration: >1.5 cm

20 Resolution: 50-200 μ
Depth of penetration: 6-7 mm

35-50 Resolution: 39-120 μ
Depth of penetration: Only 4 mm

Figure  1a: High-frequency ultrasound machine with 7.5–15 MHz multi 
frequency probe with color and pulsed Doppler ultrasonography

Figure 1b: Ultrasound biomicroscopy machine with 35 and 50 MHz probes

Figure 1c: Ultrasound biomicroscopy of normal skin
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three‑dimensional‑four‑dimensional ultrasonography as well as 
ultrasound‑guided fine needle aspiration cytology have emerged as 
very helpful measures in the diagnosis of skin tumors.2

Measurement of Tumor Thickness and Regional 
Lymph Nodes
High‑frequency ultrasound equipment using 20–50 MHz probes are 
used conventionally in pre‑operative assessment and post‑operative 
follow‑up of skin tumors.3 In general, malignant neoplasms appear 
as hypoechoic to mixed echogenic focal lesions.4 Using this 
diagnostic method, the surgeon may obtain important pre‑operative 
information about the size  (lateral extension and depth) of a 
cutaneous tumor. This is advantageous because the extent of the 
surgical procedure  (margins of tumor excision and sentinel node 
biopsy) depends on the tumor thickness.5 Compression with the 
probe should be avoided while measuring tumors as this may result 
in false thinning. In patients with invasive cutaneous malignancies 
and sentinel lymph node, high-frequency ultrasonography should 
be performed to detect early lymph node metastasis. Criteria for 

ultrasonographic characteristics of lymph node metastasis have 
been described.6,7 Some differentiating features between metastatic 
and reactive lymph node involvement are summarized in Table 2.6‑11 
If the regional lymph nodes clearly show metastatic changes on 
high‑frequency ultrasonography, the sentinel lymph node biopsy 
can be omitted; in this situation, a total lymph node dissection of the 
region should be performed after exclusion of additional systemic 
metastases by further staging procedures such as magnetic resonance 
imaging with contrast and positron emission tomography scan. This 
would improve the scope of tumor management by radiotherapy, 
cryotherapy or surgery.

High‑Resolution Ultrasonography of Benign Skin 
Tumors
Compound nevus
Compound nevus is a common benign growth on skin. The diagnosis 
is clinical but sometimes atypical presentations, such as large size, 
increased pigmentation and absence of overlying hair may pose a 
diagnostic difficulty; differentiation from other pigmented lesions 
such as seborrheic keratosis, warts or even melanoma is necessary 
in such cases [Figure 2a].

Ultrasound biomicroscopy of compound nevus shows a well‑defined 
hypoechoic mass lesion in the lower epidermis extending to the 
dermis and causing mass effect on the underlying dermis [Figure 2b]. 
Both epidermal and dermal involvement suggests the diagnosis of 

Table 2: Ultrasonographic differentiation between metastatic and reactive lymph nodes 

Metastatic lymph nodes Reactive lymphadenopathy
Appearances of lymph nodes Round with generally sharp borders and hypoechoic Enlarged elliptical or oval lymph nodes 

with central hyperechogenicity
Findings on Doppler ultrasonography Absence of hilar vessels

Asymmetric vascular pattern and marginal flow
Presence of hilar vessels
More central pattern of vascular flow

Figure 2a: Compound nevus. Hyperpigmented dome-shaped papule on the 
right infra-orbital area

Figure 2b: Compound nevus. Ultrasound biomicroscopy (50 Hz) showing 
a well-defined hypoechoic mass lesion in the epidermis extending into the 
dermis, causing mass effect on underlying dermis
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Demarcation of normal to abnormal tissue is very sharp suggesting 
its benign nature [Figure 3b and c].

F i g u r e   2 c :  C o m p o u n d  n e v u s .  H i s t o p a t h o l o g y :  N e s t s 
of nevus cells at the dermo-epidermal junction and in the dermis 
(H and E, ×100)

Figure  3b: Seborrheic keratosis. Ultrasound biomicroscopy (50 MHz) 
showing a well defined mixed echogenic mass lesion in the epidermis with 
a thickened entry echo

Figure 3c: Seborrheic keratosis. Demarcation of normal to abnormal tissue 
is very sharp

Figure 3a: Seborrheic keratosis. Hyperpigmented nodule with convoluted 
surface located on the back

compound nevus. Seborrheic keratosis has predominantly epidermal 
involvement. Well‑defined borders may be helpful in differentiating 
it from melanoma [Figure 2c].

Histopathologically, it is characterized by the presence of nests of nevus 
cells at the dermo‑epidermal junction as well as in the dermis [Figure 2c].

Seborrheic keratosis
Seborrheic keratosis is a common epidermal tumor seen in 
the middle‑aged and elderly. It is characterized by multiple 
hyperpigmented papules or plaques, often on the face [Figure 3a].

Ultrasound biomicroscopy shows a well‑defined mixed echogenic 
mass lesion in the epidermis with a thickened epidermal entry echo. 


