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Abstract

Purpose: Current color- and power-Doppler techniques cannot demonstrate

vascularization of the dermis. Aim of this prospective study was to investigate

whether the new superb vascular imaging (SMI) technique improves the ultrasound

(US) depiction of dermis vessels in healthy volunteers. SMI was compared side-by-

side to conventional power-Doppler (PD) imaging.

Methods: Thirty adult subjects (18 men and 12 women, mean age 45 years old) were

evaluated with US at level of five body areas: forehead, forearm, palm, buttock, and

thigh. The vascular index (VI) was employed to objectively quantify the difference

between SMI and PD imaging in terms of dermis flow amount.

Results: Forehead VI was higher for SMI than for PD in 93% of cases, forearm VI was

higher for SMI than for PD in 97% of cases, palm VI was higher for SMI than for PD in

87% of cases, buttock VI was higher for SMI than for PD in 100% of cases, thigh VI was

higher for SMI than for PD in 100% of cases. SMI-detected vascular signals in 100% of the

body areas. PD failed to show any flow signals from the forehead in 23% of cases, forearm

in 37% of cases, palm in 33% of cases, buttock in 47% of cases, and thigh in 50% of cases.

Conclusion: SMI can demonstrate normal dermis vascularization whereas conven-

tional PD cannot. SMI is a sensitive and promising technique in the study of dermis

abnormalities, particularly when quantifying the disease activity is important.

K E YWORD S

dermal vessels, dermatology ultrasound, Doppler ultrasound (US), power-Doppler (PD), superb
microvascular imaging (SMI)

1 | INTRODUCTION

The skin is composed by the epidermis and the dermis, the latter con-

sisting for 70% of connective tissue.1–3 Dermis thickness varies in the

different body areas, decreasing with aging.1–4 The dermis has an

intense vascularization, particularly in its deeper aspect.1–3 This vascular

network serves a number of vital functions such as nutritional support

for tissues and homeostasis.5 However, dermis vessels are usually not

Abbreviations: PD, power Doppler; SMI, superb microvascular imaging; US, ultrasound; VI,

vascular index.

We confirm that this work is original and has not been published elsewhere nor is it currently

under consideration for publication elsewhere.

Received: 6 August 2021 Revised: 28 August 2021 Accepted: 5 September 2021

DOI: 10.1002/jcu.23068

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. Journal of Clinical Ultrasound published by Wiley Periodicals LLC.

J Clin Ultrasound. 2021;1–7. wileyonlinelibrary.com/journal/jcu 1

https://orcid.org/0000-0002-6608-6252
https://orcid.org/0000-0002-2593-8148
mailto:an.cor@hotmail.it
http://creativecommons.org/licenses/by/4.0/
http://wileyonlinelibrary.com/journal/jcu
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjcu.23068&domain=pdf&date_stamp=2021-11-10


detectable in healthy subjects using color-Doppler and power-Doppler

(PD) imaging.3,5–8 This limitation is due to the small size of the vessels

and to their slow velocity, commonly equal to or less than 2 cm/s. In

the last years, several companies have developed advanced technolo-

gies for the ultrasound (US) study of the microvasculature. We hypoth-

esized that these new techniques may allow detecting some more flow

signals in the dermis compared to conventional PD imaging. Conse-

quently, we prospectively compared PD and superb microvascular

imaging (SMI, Canon Medical Systems, Tokyo, Japan) in the assessment

of dermal vessels in healthy subjects (Figure 1).

2 | MATERIALS AND METHODS

2.1 | Study design and subjects

The study was developed as a single-center, prospective experience

on healthy adult volunteers. The study protocol was reviewed and

approved by our institutional review board and was conducted

according to Good Clinical Practice and the Declaration of Helsinki.

All participants provided written informed consent. The skin of the

selected anatomical areas was inspected and subjects with cutaneous

abnormalities were excluded. Hence, inclusion criteria were age above

18 years old and absence of any skin abnormality at both physical

inspection and ultrasound exploration.

Thirty Caucasian subjects were enrolled between September

2020 and December 2020. There were 18 males and 12 females, aged

20–77 years (mean, 45 years old).

2.2 | Ultrasound technique

Two radiologists with respectively 23 and 12 years of experience with US

acquired each one the images of 15 random subjects. Care was taken to

avoid an excessively low temperature in the room. We choose to study

the following five body areas: forehead, dorsal aspect of the forearm, hand

palm, buttock, and anterior aspect of the thigh. These anatomical sites

were chosen considering some published articles on US assessment of

skin thickness skin and echogenicity in sun-exposed and non-sun exposed

areas as well as to study both glabrous and non-glabrous skin.2,9–11

Gray-scale US, SMI, and PD images were obtained on an Aplio i800

system (Canon Medical Systems Corporation) equipped with a 22-MHz

hockey stick-shaped linear array transducer. First a good quality skin

image was taken on the gray-scale, using a large amount of ultrasound

gel. SMI was then performed, in the color mode, with the following

parameters: velocity scale, 1.5 cm/s; frame rate, 57 frames per second;

filter 4 (range, 0–7); and dynamic range, 75 dB. The systolic cardiac

phase in which the vascular codes were brightest and largest was caught

in all cine images to exclude differences caused by pulsatility.12 In each

body area, the flow signals were first searched by using SMI. Then, once

that a clear SMI scan showing dermis vessels was taken, this image was

freeze on the split-screen and then a corresponding PD scan was quickly

obtained. The operator froze the PD acquisition and went back to the

frame showing the largest amount of flow signal, storing it in the scan-

ner archive. PD parameters were as follows: monochromatic code,

velocity scale, 2.8 cm/s; frame rate, 19 frames per second; filter 2 (range,

0–7), and dynamic range, 75 dB. For both SMI and PD imaging care was

taken to avoid motion of the operator's hand or the transducer, which

F IGURE 1 Subjective scoring of the flow signals amount in the dermis. No flows at SMI and PD (a), comparable flows at SMI and at PD (b),
more flows at SMI than at PD (c), more flows at PD than at SMI (d). Flow signals in the subcutaneous layer were not considered in this study
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was placed gently above the gel layer. The beam focus was placed at

the dermis-hypodermis edge both for SMI and PD imaging. The color

gain was not changed between the two techniques.

2.3 | Images analysis

To obtain an objective, quantitative assessment of flow signals in PD

imaging and in SMI we employed the vascularity index (VI), which deter-

mines the number and percentage of color pixels in the total gray-scale

pixels in a defined region of interest (ROI).12–14 Starting from the saved

double-screen image containing the SMI scan on the left and the PD

scan on the right, we placed an identical rectangular ROI on both images

to assess the VI. Care was taken to exclude the subcutaneous vessels

and to include in the ROI only signals from the dermis. The color arti-

facts, defined as random and transient colored pixels not representing

true flows, were always excluded from the ROI. These noise artifacts

were sometimes present in the images, particularly on the SMI scans

and, especially at the uppermost portion of the field of view, but care

was used to review the frames and choose clear scans without any

motion color artifact. The number of pixels with flow signals was

recorded for both SMI and PD imaging for each anatomical site.

2.4 | Statistical analysis

All of the statistical analyses were performed with MedCalc for

Microsoft Windows (version 13.1.2.0, MedCalc). For comparison of

F IGURE 2 Sixty-year-old
asymptomatic male. Dermis
vascularization in the thigh at SMI (left
part of the image), with 8208 colored
pixels, and at PD (right part of the
image), with 990 colored pixels

F IGURE 3 Fifty-seven-year-old
asymptomatic female. Dermis
vascularization in the forearm at SMI
(left part of the image), with 1933
colored pixels, and at PD (right part of
the image), with 0 colored pixels

4 CORVINO ET AL.



the sensitivity between the SMI and PD in detection of flow signals

for each anatomical site, the McNemar test was applied. A two-tailed

P value of less than 0.05 was considered to indicate a statistically sig-

nificant difference.

3 | RESULTS

The mean number of colored pixels was 2047 for SMI and 769 for PD

at level of the forehead, 3215 for SMI and 1256 for PD at level of the

forearm, 3118 for SMI and 1029 for PD at level of the palm, 3667 for

SMI and 600 for PD at level of the buttock, and 3192 for SMI and

436 for PD at level of the thigh (Table 1). Overall, mean VI was higher

for SMI than for PD for all 30 subjects (100%). Regarding each ana-

tomic area, forehead VI was higher for SMI than for PD in 28 out of

30 cases (93%), forearm VI was higher for SMI than for PD in 29 out

of 30 cases (97%), palm VI was higher for SMI than for PD in 26 out

of 30 cases (87%), buttock VI was higher for SMI than for PD in

30 out of 30 cases (100%), thigh VI was higher for SMI than for PD in

30 out of 30 cases (100%; Figure 2).

SMI, by detecting vascular signals in all 180 body areas, showed a

sensitivity value much higher than PD (100% vs. 86%). PD even failed

to show any flow signals in 7 out of 30 cases in the forehead (23%),

11 of 30 cases in the forearm (37%), 10 of 30 cases in the palm (33%),

14 of 30 cases in the buttock (47%), and 15 of 30 cases in the thigh

(50%; Figure 3). The difference in terms of sensitivity was statistically

significant for all the body areas investigated. The P value was less

than 0.0001 for the forehead, forearm, and palm. It equaled 0.0002

for the buttock and 0.0003 for the thigh.

4 | DISCUSSION

The dermis has a mesodermal origin and is dominated by packages of

organized collagen, providing the supporting structure to the skin.15

On US it appears as a moderately echoic layer just below the thin,

more hyperechoic epidermis.3,6 From the histological point of view,

the dermis includes the thinner, superficial layer of the papillary der-

mis, and the thicker and more profound layer of the reticular dermis.

These two layers differ in the way collagen fibers are arranged, being

denser in the reticular dermis.1,8 US cannot readily differentiate these

two portions, although the papillary dermis may be less echoic than

the reticular one. The dermis includes blood vessels, lymphatics,

nerves, hair follicles, and sweat glands.1,16 Dermis vascularization

decreases with aging, with a lower vascular density and a smaller ves-

sels diameter in the elder than in the young.7,17,18 The structure of

vessels is arranged into superficial and deep horizontal plexuses

(Figure 4).5 A deep plexus, made by relatively larger vessels, mostly

veins, is located at the interface of the dermis and subcutis. It is fed

by branches of the large subcutaneous arteries. Vessels caliber in the

reticular dermis, ranges from 50 to 150 μm.19 The border between

papillary and reticular dermis hosts a superficial plexus that supplies

the dermal papillae through a candelabra-like capillary system.8,20 This

superficial plexus is located 1–1.5 mm below the skin surface and

consists of vessels less than 50 μm in caliber. The two horizontal plex-

uses are connected by direct, vertical, arborizing channels.19

In the US assessment of vascularization of breast and thyroid

nodules, for example, the difficulty resides in the small caliber of the

vessels and in the slow flow of the blood inside them. For the skin

assessment, there are two additional obstacles. The first one is the

pressure applied by the transducer, even if the operator hold the

probe gently. The second difficulty is the closeness of the skin vessels

to the transducer footprint. It is known that the field-of-view area

close to the transducer, called the Fresnel zone or near field, is the

one better seen at ultrasound since the beam is collimated and the

resolution is high. Instead, at some point distal to the transducer, in

the far-field or Fraunhofer zone, the beam begins to diverge with

decreased resolution. However, the region nearest to the probe is

compressed in ultrasound image, for a length that depends on the

transducer quality and on the emission frequency.21–23

Several strategies have been proposed to improve the ultrasound

display of superficial, slow flows at color- and PD imaging. These include

optimization of scanning setting sensitivity (small color box, high trans-

mission frequency, low pulse repetition frequency, low or null wall filter,

high color gain),6,24 interposition of gel stand-off pads,21 use ultra-high

frequencies,25 injection of microbubbles.26 Due to the intrinsic limitations

of Doppler techniques, however, none of these options allows an ade-

quate assessment of normal dermis vessels.

SMI applies clutter suppression algorithm that separates flow sig-

nals from overlying tissue motion artifacts. Consequently, SMI allows

preserving the low-flow components, which are removed by conven-

tional wall filters in color- and PD imaging, while displaying flow sig-

nals with a high spatial resolution and high frame rates.27 SMI uses

higher frame rates than PD, more than 50 Hz, and lower pulse repeti-

tion frequencies ranging between 220 and 234 Hz.12 It analyzes the

characteristics of motion artifacts arising from nearby structures and

extracts the relevant information.28 SMI has proven effective in

detecting small vessels in cases where color- and power-Doppler

failed to identify any flow signal.27,29 By now, this technique has been

F IGURE 4 Drawing showing schematically the normal skin

vascularization. Large, subcutaneous vessels reach the dermis and
form a superficial and a deep horizontal plexus

CORVINO ET AL. 5



tested in a number of superficial and abdominal anatomical

sites.13,14,27–29 Govind and coworkers found that SMI is more sensi-

tive than color Doppler in demonstrating microvenous reflux in limbs

with venous disease and SMI.30 _Islamo�glu and Uysal employed SMI to

assess plaques of cicatricial alopecia.31 To our knowledge, no study

has investigated yet the value of SMI in studying skin vascularization.

Dermatology is a growing field of application of ultrasound.4,7,24,32

The availability of a technique capable to demonstrate dermal flows

can be useful in evaluating the activity status of a number of skin

abnormalities, including morphea, psoriasis, cutaneous vasculitides,

suppurative hidradenitis, burns, wounds, and surgical flaps.4,19,33,34

Our study proved that SMI is by far more sensitive than PD in

detecting dermal flows. The difference is probably even higher than

what found in our study. In SMI, the color signal is visible only in the

vessels while in PD color typically bleeds out of the lumen. This

blooming partially compensated at VI assessment the poor sensitivity

of PD. Despite this, SMI was significantly more sensitive than PD.

There are some limitations to our study. Firstly, it was conducted

in a single center, and the number of cases was relatively small. Sec-

ondly, the choice of the anatomical sites to be sampled was somehow

arbitrary. However, since the difference between SMI and PD imaging

performance was so marked, it is our opinion that similar results

would have been obtained also if scanning other anatomical locations.

Thirdly, although care was taken to obtain adequately matching scans

between SMI and PD, these scans could not be perfectly identical

each other. Finally, we made no attempt to differentiate dermis ves-

sels into arteries and veins. This aspect was not relevant for the study

purpose and, additionally, the vessels we investigated were too small

to obtain an adequate spectral sampling.

In conclusion, new microvascular imaging techniques such as SMI

allow reliable ultrasound display of normal dermis flows while conven-

tional PD imaging cannot. This opens new perspectives in the assess-

ment of dermal abnormalities.
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