
Introduction

Detecting breast cancer at an early stage remains a

key problem, whose solution would significantly reduce

female mortality worldwide. Microcalcifications are an

important, and sometimes the only, diagnosed symptom of

early breast cancer not yet detectable by palpation [1�5].

Computed tomography (CT), X�ray mammography,

and ultrasound examination are used to detect microcal�

cifications. Ultrasound has such well�known advantages

as mobility, availability, relatively low cost of the exami�

nation, absence of harmful radiation, and, in some cases,

portability. Ultrasound is a primary means of needle guid�

ance during a biopsy. However, the diagnostic efficiency

of ultrasound for detecting microcalcifications is signifi�

cantly lower than that of computed tomography.

Attempts were made to increase the diagnostic effi�

ciency through the development of specialized mammo�

graphic ultrasound scanners [5] operating at frequencies

of 13 MHz and higher to provide high scanning resolu�

tion. The results of diagnostics with such scanners are

less operator�dependent because of the use of special

sensors and three�dimensional scanning. The use of

diagnostic modes specifically designed to detect mineral

inclusions is also known to improve the accuracy of ultra�

sound machines [6�12]. One such mode was developed

by our team. It is based on the analysis of the twinkling

artifact – a phenomenon that manifests itself in Doppler

modes and has been proven useful in the diagnosis of cal�

culi [13�20].

The goal of this work was to analyze the possibility of

ultrasound detection of microcalcifications with the spe�

cial mode developed by our team on the basis of the

analysis of the underlying mechanisms [9, 11] of the

Doppler twinkling artifact.

Materials and Methods

The study was carried out using a Sonomed�500

diagnostic ultrasound device (Spectromed, Moscow).

The device software offers a special operation mode

developed by our team at the Research and Practical

Clinical Center for Diagnostics and Telemedicine
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We analyzed the possibility to detect microcalcifications using a novel ultrasound diagnostic mode based on

advanced analysis of the color Doppler twinkling artifact. The special mode was tested with two phantoms:

a commercially available polyurethane mammographic breast phantom with dense inclusions simulating micro�

calcifications and a phantom developed in our laboratory and containing chemically grown CaSO4 microcrystals

less than 200 μm in size. The mineral inclusions in the first phantom were visible in B�mode and correctly detect�

ed with the novel mode. The presence of inclusions in the second phantom was not obvious when imaged in

B�mode; however, it was reliably detected with the special mode. The special mode used two colors to distinguish

between the physical processes behind the color Doppler twinkling artifact — elastic vibration and microcavita�

tion. This research demonstrated the applicability and usefulness of the special diagnostic mode for the detection

of microcalcifications in phantoms.
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and intended to detect solid mineral inclusions [9�12],

i.e., objects with densities significantly different from

those of the surrounding tissues and fluids; for example,

microcalcifications, calcifications, kidney and bladder

stones, etc.

The special diagnostic mode is based on the analysis

of the received radio�frequency signals [6]. Preliminary

tests involved the detection of solid objects larger than

1.5 mm in size [11]. The ultrasound device operates in

duplex mode, i.e., a map of the distribution of mineral

inclusions is superimposed on a gray�scale echogram.

Two colors are used for mapping to indicate the difference

in the nature and characteristics of the recorded signals

[10]. Turquoise is used to indicate microcavitation sig�

nals, while yellow highlights elastic microvibrations

(motion) of the object. According to [12], microcavita�

tion leads to type 1 artifact; microvibrations, to type 2

artifact. These are two types of the twinkling artifact. This

artifact appears in Doppler modes in hyperechoic objects

and is used for their detection [13�20].

Small mineral inclusions were the object of this

study. First, a Blue Phantom BP1901 polyurethane mam�

mographic phantom was used in the tests (Figs. 1 and 2).

The dimensions of the breast phantom were 170 × 120 ×
45 mm. The phantom contained artificial hetero�

geneities, some of which simulated microcalcifications.

The characteristics of the artificial inhomogeneities used

in the phantom can be found in [21]. The object under

study with simulated microcalcifications was 15 mm in

diameter. The Young’s modulus of the object was meas�

ured by shear wave elastography and found to be in the

range of 100�140 kPa.

Then, CaSO4 microcrystals grown chemically from

CaCl and CuSO4 in agar jelly were studied (Fig. 3 and 4).

The size of the crystals was up to 200 μm (Fig. 3a), which

is approximately the size of microcalcifications observed

by mammography [3]. The density of the crystals was

approximately 2.3 g/cm3. We also used a control sample

that did not contain microcrystals (Fig. 3b). Both samples

were placed 20 mm deep on a sound�absorbing substrate

and immersed in water.

All experiments were carried out using a 7.5L37 lin�

ear transducer in duplex mode. Imaging in B�mode was

performed at 9.4 MHz; in the Doppler mode with a pulse

repetition rate of 500 Hz, at 6.3 MHz.

Results and Discussion

Figure 1 shows a CT image of the mammographic

phantom. This phantom incorporated various simulated

tumors, some of which contained mineral inclusions sim�

ilar in properties to microcalcifications. These simulated

tumors were visible in B�mode (Fig. 2a). In the color flow

mapping mode with a standard breast examination preset,

the twinkling artifact did not appear. When imaged in the

special visualization mode, all these objects were high�

lighted in yellow to indicate that the machine registered

the motion or microvibration of the scatterers (type 2

artifact; Fig. 2b). This is an expected result because the

nucleation of microbubbles through cavitation requires

the presence of a liquid, which is absent in the

polyurethane phantom.

A method for detecting microcalcifications by

recording elastic vibrations is also described in [7, 8].

However, this method requires additional pushing pulses

hundreds of microseconds long, while the mode consid�

ered in this work uses standard Doppler signals [9].

Figure 3 shows images of the sample with microcal�

cifications (a) and the control sample (b). As they grew,

microcrystals formed clusters on the surface of the mate�

rial. Inside the tissue�simulating material, there were

fewer crystals and they were smaller in size. However, it is

these crystals that are of the greatest interest. That is why

we used for ultrasound examination relatively thin sam�

ples cut from the bulk of the tissue�simulating material,

Fig. 1. CT image of the breast phantom (microcalcifications are

indicated with an arrow).

15 mm
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where the microcalcifications were the smallest. The

enlarged photograph in Fig. 3a shows that the microcal�

cifications did not exceed 200 μm in size.

Figure 4 shows ultrasound images of the sample with

microcalcifications (left) and the control sample (right).

It can be seen from Fig. 4a that in B�mode the two sam�

ples have similar echogenicity. In Fig. 4b, the B�image is

overlaid with the map obtained in the mode under con�

sideration. The map shows the surface areas of the sample

with microcalcifications highlighted in two colors. This

means that both types of signals were detected, i.e., not

only elastic vibrations, as in the polyurethane phantom

(Fig. 2b), but microcavitation signals (type 1 artifact [11])

as well.

It is of special interest that the developed mode

allowed the detection of microcalcifications (Fig. 4b).

Visualizing such microcalcifications with conventional

ultrasound techniques is challenging due to the small size

and the absence of acoustic shadows. Rather than being

completely reflected, as in the case of large kidney stones,

a b

Fig. 3. Microphotographs: a) sample with microcalcifications 200 μm in size; b) control sample without microcalcifications.

2 mm

1 mm

a b

5 mm

Fig. 2. Echograms of calcifications in the breast phantom: a) mineral inclusions are visible in B�mode; b) the mode for detecting mineral

inclusions highlights them in color.
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the ultrasound wave incident on such microcalcifications

is for the most part scattered, which makes detection dif�

ficult. In contrast to B�mode, the mode under considera�

tion uses Doppler signals, which are sensitive to phase

changes. Phase methods are more effective than ampli�

tude methods for detection purposes because they can

provide additional information about the signal [6]. As a

result, the mode under consideration makes it possible to

detect dense objects that are indistinguishable to conven�

tional ultrasound techniques. Such objects do not pro�

duce ultrasound shadows and do not stand out in bright�

ness against the surrounding tissues.

Conclusions

A special diagnostic mode for detecting calculi in

ultrasound images was studied. The mode had been

developed by our team and previously tested in various

relatively large objects (more than 1.5 mm in size) [10,

11]. Similar to color flow mapping, which creates a map

of blood vessels, our mode builds a map of mineral inclu�

sions. The obtained maps are superimposed on B�images.

The mapping utilizes a two�color scheme to indicate the

difference in the nature and characteristics between the

echoes from mineral inclusions.

In this paper, microcrystals grown in agar jelly and a

breast phantom with small mineral inclusions were used

as test objects. The study showed that the developed mode

can detect microcalcifications less than 200 μm in size.

However, as the study was conducted only in phantoms,

further clinical trials are needed to evaluate the applica�

bility of the developed diagnostic mode in mammography

patients.

This work was supported by the Russian Foundation

for Basic Research (Grant No. 17�01�00601).
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