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Ultrasound diagnostics of the patient’s surperficial tissues
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A new method of ultrasonic examination of the superficial tissues of a patient in vivo has been proposed.

The design of ultrasonic measuring module for complex non-invasive diagnostics of the physiological conditions

and processes in the superficial tissues of a patient has been developed. Precise measurements of the speed

and attenuation of ultrasonic waves were made using the echo-pulse and transmission methods. An experimental

verification of the developed ultrasonic method was carried out on reference solutions and superficial tissues of the

patient.
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The use of ultrasound as a valuable diagnostic and

therapeutic agent has now become so widespread in certain

fields of clinical medicine that it may be considered integral

to proper medical treatment of patients [1–3]. Until

quite recently, the key objective of measurements of the

sound velocity in biological tissues in medical applications

consisted in collecting the data for calibration of sonographic

visualization systems. However, it has now become evident

for many research groups that the sound velocity is a highly

informative specific tissue parameter in itself [1]. The

acoustic characteristics of biological tissues were analyzed

thoroughly in [4–7].

Attenuation (i.e., total acoustic energy loss in biological

tissues) is specified by the combined influence of refraction,

reflection, scattering, and absorption of ultrasound. Data on

the variations of velocity, acoustic impedance, absorption,

scattering, and attenuation within a certain tissue are used in

practice to characterize its structure. It should be noted that

the studies into attenuation of ultrasonic waves in various

biological media and tissues appear to be exceptionally

complex. Thus, it may be concluded that the sound velocity

is better suited for the role of a fundamental parameter

of biological tissues than the attenuation coefficient, which

depends, to a certain extent, on variations of the sound

velocity. At the same time, relative measurements of the

attenuation coefficient are rather informative in regard to

variations of the structure and the composition of a biologi-

cal tissue occurring under the influence of physiological and

pathophysiological factors and therapeutic treatment.

Since a conventional standard is lacking, calibration

testing of an instrumentation system may be performed by

conducting ultrasonic measurements for materials with well-

known parameters and reproducible measurement results.

Distilled water and aqueous solutions of ethyl alcohol are

the media used most commonly in test measurements of

the sound velocity.

A number of different methods for measuring the sound

velocity have already been developed, although many of

them are hardly applicable to biological tissues. In fact,

methods for in vivo tissue measurements are now only

beginning to shape up [8–10]. Owing to the deformation

and size variation of the studied soft tissue, measurements

of individual segments and local body regions are hard

to perform using standard ultrasonic techniques and trans-

ducers [9]. Thus, it is fair to say that novel ultrasonic

methods for examination of the status of biological tissues

and physiological processes occurring in them in the process

of therapeutic treatment of a patient are much needed.

In the present study, we propose a new method and

a versatile design of an ultrasonic diagnostic module for

non-invasive in vivo examination of the status of superficial

tissues (skin, subcutaneous adipose tissue) in an arbitrary

body region of a patient and physiological processes occur-

ring in them.

The measurement setup consisted of a LeCroy Wave

Surfer422 digital oscilloscope, a Panametrics (Olympus)
5077 PR pulser/receiver, and the constructed ultrasonic

diagnostic module. This module was designed so as to

provide temporal fixation of the studied superficial tissue

(via vacuum suction) and perform simultaneous measure-

ments of the velocity and attenuation of ultrasonic waves.

It had the form of a plastic cup, which was connected to a

vacuum system, with connector cables and an ultrasonic

transducer mounted inside it (Fig. 1). The transducer

was a cylinder with outer diameter D = 64mm, a wall

thickness of 2mm, and a height of 5mm fabricated from

a piezoceramic material (TsTS-19) of the following compo-

sition: Pb0.95Sr0.05(Zr0.53Ti0.47)O3+1%Nb2O5 [11,12]. This
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Figure 1. Ultrasonic diagnostic module for examination and monitoring the condition of superficial tissues (a) and illustration of the

vacuum tissue fixation inside a cylindrical ultrasonic transducer (b) in the process of in vivo measurement of the ultrasound velocity and

attenuation.

transducer was connected to the input terminals of the

pulser/receiver and the oscilloscope.

The cylindrical ultrasonic transducer was used both as

an emitter and as a receiver of ultrasonic waves. The

velocity of propagation of ultrasonic waves in reference

solutions and superficial tissues was determined using the

transmission and echo-pulse methods by measuring the

time of propagation of a probing ultrasonic pulse through

the studied medium. Following measurement designs with

a known fixed distance between two given planes, the

developed transducer measured both the single passage

time (transmission mode) and the overall passage time of

ultrasonic pulses that undergo multiple rereflections from

the inner surface of the cylindrical transducer (echo-pulse
mode).

The maximum error of pulse measurements of the signal

propagation time based on the time delay recorded with an

oscilloscope may be reduced to 0.5% [1].

In order to enhance the measurement accuracy, we also

used the method of relative measurements with reference

solutions for calibration of the ultrasonic transducer. The

error of such measurements of the sound velocity with dis-

tilled water used as a reference did not exceed 0.03% [1,2].

The resulting accuracy and error of determination of

the sound velocity in biological tissue samples depend

substantially on the correctness of determination of the

sound path length in the studied sample. It often turns

out to be rather hard to determine the path length in

relative measurements. The design of the developed

diagnostic module provides for vacuum fixation of biological

tissues inside the cylindrical ultrasonic transducer with given

diameter D and ensures accurate determination of the path

length and velocity of ultrasound V = nD/tn, where tn is

the passage time of ultrasonic pulses that were rereflected n
times.

Table 1. Sound velocity in distilled water measured at different

temperatures

Water temperature,◦C Sound velocity, m/s

50 1564.5

45 1555.2

40 1509.4

35 1500.0

20 1474.9

Prior to in vivo measurements for superficial tissues of

a patient, the diagnostic transducer was calibrated with a

reference solution (distilled water). In order to perform

this calibration, the transducer was introduced into a heated

chemical vessel filled with distilled water and fitted with

a thermocouple for temperature monitoring. An excitation

pulse with its length equal to half a period of the resonance

frequency (1MHz) was fed from the pulser/receiver to the

cylindrical piezotransducer, and transmission and successive

echo signals received by the same transducer were recorded

by the digital oscilloscope.

Examples of oscilloscope records obtained in measure-

ments of the sound velocity and attenuation with the use of

transmission and echo-pulse techniques in distilled water at

a frequency of 1MHz are shown in Fig. 2.

The measured values of sound velocity in distilled water

at different temperatures are given in Table 1. The obtained

results agree well with literature data [2,4].

In vivo measurements of the sound velocity and the

attenuation of ultrasonic waves in superficial tissues were

performed in different body regions of a patient with the

use of the precalibrated diagnostic transducer. Examples of

oscilloscope records obtained in measurements of the sound
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Figure 2. Oscilloscope records of excitation, transmission, and echo pulses in measurements of attenuation (a) and velocity (b) of sound

in distilled water at a frequency of 1MHz at room temperature.

velocity and attenuation in the abdominal region of the body

of a patient are presented in Fig. 3.

The values of sound velocity in superficial tissues of

a patient measured at different temperatures are listed in

Table 2. These measurements were repeated at least three

times at each temperature with a repetition period of

5min to allow for superficial tissue recovery after vacuum

suction. The reproducibility of results did not exceed the

measurement error.

The body was heated through the transparent transducer

cup by an infrared heater. The body surface temperature

was monitored with a built-in thermocouple. It should be
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Figure 3. Oscilloscope records of excitation and transmission pulses in in vivo measurements of velocity (a) and attenuation (b) of sound
at a frequency of 1MHz in the abdominal region of the body of a patient.

noted that ultrasonic waves produced in experiments with

the current configuration of the diagnostic transducer are

localized completely in a 10-mm-thick surface layer (i.e.,

in the skin and subcutaneous adipose tissue). In complete

agreement with literature data [1,2], the velocity of sound

in adipose tissue is lower than its velocity in water and is

characterized by a negative temperature coefficient.

The current configuration of the diagnostic module cannot

be used to measure the absolute value of attenuation,

since the primary contribution to the measured attenuation

(1.46 dB/cm) is produced by divergence of the acoustic

beam and rereflections inside the transducer rather than

by attenuation in the medium (0.002 dB/cm for water at

a frequency of 1MHz). However, any changes in the
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Table 2. Sound velocity in superficial tissues of a patient

measured in different body regions at two fixed temperature values

Body temperature, ◦C
Sound velocity, m/s

Abdominal region Thigh

36 1447.9 1449.6

40 1438.0 1439.7

temperature of a body and the state of its structural

components induce measurable variations of the sound

velocity and the relative attenuation of an ultrasonic wave.

In addition, the velocity and attenuation of ultrasound in

biological tissues change drastically under therapeutic treat-

ment, thus serving as indicators of physiological processes

and modifications of the tissue structure and composition

(lysis of adipose tissue, dehydration, necrosis, coagulation,

blood filling) [2,3].

This provides an opportunity to use the developed

method and the ultrasonic diagnostic module for non-

invasive diagnostics and monitoring of superficial tissues

of patients with various diseases and for monitoring and

evaluating the efficiency of physiotherapy treatment and

other types of therapeutic intervention.
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