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Main content 
Abstract:  

Experience in the use of low-frequency ultrasound in the treatment of 
infected wounds is analyzed. Evidence is presented supporting cavitation 
as the primary cause of the therapeutic effect. A new concept for the 
organization of feedback in ultrasound instruments based on controlling 
parameters of the cavitation zone is proposed. 

Introduction 

Despite advances in antimicrobial therapy and the use of low-invasive 
surgical methods, the problem of wound infection remains relevant [1]. 
Statistical data indicate that complications of the purulent-inflammatory type 
due to surgical infections occur in 30% of patients undergoing surgery, 
while the proportion of patients with gunshot wounds 
developing suppuration reaches 60% [2]. The greatest difficulty is 
experienced with the treatment of purulent-inflammatory processes in the 
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phase of inflammation, when the local signs of disease are most severe. 
The main effects of current treatment methods for purulent wounds are 
antibacterial, necrolytic, anti-inflammatory, antioxidant, dehydrating, and 
analgesic actions [1]. In current surgical practice, the treatment of purulent-
necrotic processes employs a complex of therapeutic measures directed at 
suppressing pathogenic microflora parasitizing the focus of inflammation, 
accelerating the processes of necrolysis, stimulating repair processes, and 
improving the circulation, including in the microcirculatory bed [3-5]. 

The conventional use of antibiotics to suppress the infective process can 
come up against resistance on the part of the pathogenic microflora, even 
to significantly greater concentrations than used at the initial stage of 
treatment. In addition, use of antibiotics is often accompanied by side 
effects, allergic reactions, toxic actions on the organs of hearing and 
nervous system, slowing of wound healing processes, and scarring of 
sterile wounds [6]. Recent decades have also seen increases in the 
numbers of pathogenic microorganisms resistant to both antibiotics 
and antiseptics [7, 8]. Thus, one potential direction in the sanitation of 
purulent foci consists of improving methods based on physical antiseptics 
[3], which need to provide the required medical effects: mechanical clearing 
of wounds, improvements in microcirculation, bactericidal actions, and 
delivery of adequate tissue drug concentrations. 

Physical antiseptic methods include treatment of wounds with pulsatile jets 
of antibiotic solution, vacuuming of wound surfaces, cryogenic treatment, 
ultrasound treatment of wounds, and laser irradiation and cold plasma 
methods [1, 2]. However, with all their benefits, these methods do not 
provide all these medical effects simultaneously. 

One potential method of physical antisepsis consists of treating biological 
tissues with low-frequency ultrasound waves with frequencies above 20 
kHz through drug solutions to obtain effective mechanical clearing of the 
wound surface, penetration and deposition of drugs in the tissues, and 
mechanical disruption and reproductive death of pathogenic 
microorganisms. This study analyzes the experience of using low-
frequency ultrasound for the combined treatment of biological tissues and 
development of the concept of an appropriate biotechnical system to 
increase the efficacy of this method. 

Description of the Method 

Development of ultrasound technology in surgery started in the mid-1960s, 
when a group of scientists at the Bauman Moscow State Technical 
University and physicians developed treatment methods based on the 
actions of low-frequency ultrasound waves on biological tissues and 
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introduced them into clinical practice [3]. Major contributions to the 
development of this area were made by researchers at the Bauman 
Moscow State Technical University: G. A. Nikolaev, V. I. Loshchilov, S. I. 
Shchukin, G. V. Savrasov, A. A. Orlova, Yu. V. Nesterov, D. I. Nevskii, S. 
E. Kvashnin, S. V. Al'kov, E. G. Ambrozevich, V. M. Gorshkova, and others 
[3, 4, 9-11]. 

Ultrasound treatment of wounds is used in inflammatory diseases in 
complex combinations with drugs. In surgical practice, ultrasound is used 
both for actual surgery for tissue dissection and for post-operative 
treatment of wound surfaces for sanitation and clearing of biological tissues 
from lesions, as well as to increase the effect of the actions of drugs and 
accelerate repair processes for the treatment of infected wounds (Table 1). 

This shows that the range of ultrasound frequencies used for physical 
antisepsis is 20-100 kHz with intensities of 0.1-3 W/[cm.sup.2]. Russian 
works generally use frequencies of about 26 kHz, more rarely about 40 
kHz, while non-Russian works use frequencies of 30-40 kHz and above. 

Mechanism of Action of Ultrasound on Biological Tissue 

The mechanism of action of ultrasound on biological tissues is regarded as 
a set of states and processes generating the desired therapeutic action on 
the biological object. In the case of the medical use of low-frequency ultra 
sound through drug solutions, physical signs appear in the liquid and give 
rise to a series of specific processes such that biomedical effects are 
obtained which determine the efficacy of the therapeutic action of 
ultrasound (Fig. 1). 

The most important signs arising in the "drug solution/biological tissue" 
system are identified by most authors as cavitation, variable sound 
pressure, acoustic currents, and the absorption of sound wave energy [4, 5, 
10-12, 18-20], cavitation being the most marked of these [9, 20] and 
initiating physicochemical processes in the "drug solution/biological tissue" 
system. 

To verify this assertion, this study carried out numerical modeling of 
pulsatile cavitation bubbles with the parameters given in Table 1 and with 
parameters reported by other researchers [5, 6, 9, 21-23]. This was 
implemented by numerical integration of the Kirkwood-Bethe equation [24] 
using the Runge-Kutta method with subsequent analysis of the resulting 
relationships between bubble radius and time. The cavitation threshold was 
selected as the sound pressure amplitude in water at which periodic 
oscillations in the bubble radius were replaced by collapse. For 
convenience, the intensity or amplitude of the mechanical oscillations of the 



ultrasound instruments reported by the authors were converted to 
intensities. The results showed that the ultrasound regimes used by the 
various authors were above the cavitation threshold (Fig. 2). Thus, 
achievement of a significant effect using combined low-frequency 
ultrasound and drugs requires cavitation to occur. 

According to studies reported in [24-26], cavitation significantly increases 
the acoustic current in the liquid and the transformation of acoustic energy 
into heat energy when bubbles collapse and the concomitant relaxation 
process takes place. The pressure amplitudes in shock waves 
accompanying bubble collapse obtained by modeling are significantly 
greater than the pressure amplitudes of compression/expansion waves in 
the liquid. These facts indicate that cavitation is the main property 
determining the effectiveness of the action of low-frequency ultrasound on 
biological tissues via the liquid medium, the extent of physical processes in 
the medium, and the medical effects (Fig. 1). 

The mechanical processes identified in Fig. 1 involve transmission of 
kinetic energy from sound waves into biological tissues, resulting in 
disintegration of necrotic tissues and acceleration of their detachment; in 
addition, "micromassage" of underlying tissues [27] improves blood supply. 

The chemical effects noted by the authors (Fig. 1) include depolymerization 
of high molecular weight proteins [1, 20, 28], acceleration of biochemical 
oxidation processes [20, 28], and oxidative phosphorylation [29]. Exposure 
of tissues to ultrasound creates metabolic shifts favorable for the course of 
the inflammatory process and wound clearing, as evidenced by the rapid 
normalization of the pH of the medium [3, 20, 22, 30]. Water molecules in 
cavitation cavities dissociate into [H.sup.+] and O[H.sup.-] ions, which have 
bactericidal and bacteriostatic actions on pathogenic bacteria and viruses 
[20, 23]. 

Results from experimental studies [22, 31] identify a mass transfer process, 
where ultrasound enhances the diffuse penetration of drug molecules, 
particularly into the interstitial space. Drugs can penetrate the depths of 
tissues to up to 3 cm, thus increasing their pharmacological activity, 
because ultrasound degradation of macrophages and mast cells leaves the 
cell degradation products and transmitters. An increase in the actions of 
ultrasound in solutions containing surfactants, such as chlorhexidine 
solution, has also been demonstrated [31]. Published data [6, 19, 20, 28, 
29, 32] indicate that low-frequency ultrasound accelerates the processes of 
diffusion within cells. 



 

The biological processes occurring on exposure to ultrasound (Fig. 1) are 
mainly the consequences of increases in mass transfer processes which, 
apart from introducing drugs into body tissues, lead to clearing of the 
surface of pus, detritus, fibrin, and other layers [31]. As the intensity of the 
ultrasound was decreased, these consequences could be put in order as 
follows: impairment of cell integrity [right arrow] changes in membrane 
properties [right arrow] changes in substance concentrations in the 
cytoplasm [right arrow] impaired viability [30]. The positive effects of 
ultrasound on the treatment of infected biological tissues is linked with 
degradation of the cellular elements of wound discharge and release of 
lysosomal enzymes, chemotactic factors, bactericidal cationic proteins, and 
biogenic stimulators during cavitation. These factors lead to fragmentation 
and delamination of necrotic layers and increases in the proteolytic activity 
of exudates, promoting increases in the number of phagocytic neutrophils 
and stimulating the phagocytic activity of blood leukocytes and their 
antibacterial activity, which accelerates the process of reparative 
regeneration [33]. 

The role of thermal effects appears to consist mainly of activating biological 
processes and mass transfer processes [34]. 

A Method for Monitoring Ultrasound Effects 

In serial ultrasound instruments, oscillation amplitude, intensity, or acoustic 
power are generally used for settings or monitoring as parameters 
characterizing treatment efficacy. In biotechnology, the energy density in 
the medium is measured on application of low-frequency ultrasound [20]. 
Frequency is usually fixed for each instrument and is determined by the 
parameters of the mechanical oscillation system providing increases in the 
amplitude of ultrasound oscillations produced by the instrument. 

However, levels of cavitation and the associated effects are known to be 
influenced by other parameters which change over time or are difficult to 
measure during ultrasound treatment: fluid temperature, contaminant 



composition and concentrations, gas content, irradiation conditions 
(boundary conditions), and others. Thus, maintenance of an effective 
regime for ultrasound treatment of biological tissues requires cavitation 
itself or the area of cavitation to be monitored [35], this being the main 
cause of the medical effects of low-frequency ultrasound. 

Monitoring of cavitation parameters is also required for objective 
interpretation and analysis of clinical experience, which without quantitative 
criteria is difficult to compare with experimental data obtained using 
different medical instruments. 

The biotechnical system (BTS) proposed here for ultrasound treatment of 
infected biological tissues, apart from the conventional automatic frequency 
tuning loop (first control loop), includes a power control loop based on 
feedback using parameters of the cavitation area (the second control loop) 
(see Fig. 3). This type of feedback provides integral assessment of the 
effects of oscillation amplitude and various parameters of the medium on 
the efficacy of using ultrasound and should lead to wider use of ultrasound 
technology in surgery and treatment. 

Conclusions 

The BTS proposed here contains a second feedback connection, including 
a power control loop for parameters of the cavitation area, allowing 
ultrasound surgical and therapeutic instruments to be designed using 
existing knowledge of cavitation processes in the medium at the boundary 
of drug solutions and biological tissues. 
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Caption: Fig. 1. Mechanisms of the therapeutic action of ultrasound. 

Caption: Fig. 2. Results from numerical modeling of ultrasound treatment 
regimens: 1) limits of cavitation threshold; 2) area of applied ultrasound 
treatment parameters. 

Caption: Fig. 3. A biotechnical system for ultrasound treatment of infected 
biological tissues: USG--ultrasound generator, EAT--electroacoustic 
transducer; AFT--automated frequency tuning; APC--automatic power 
control; 1) first control loop; 2) second control loop. 

TABLE 1. Use of Low-Frequency Ultrasound in the Treatment of 

Infected Wounds 

 

Area of use               Frequency,     Intensity,     

Reference 

                             kHz       W x [cm.sup.2] 



 

Clearing of epidermis        25.6         0.2-0.8         [12] 

Trophic ulcers               25.6         0.5-3.0         [13] 

                              40          0.2-0.6         [14] 

Diabetic foot, chronic      25-75         0.3-1.5         [15] 

  leg ulcers                20-120        0.05-1.0        [16] 

 

Treatment of wound            25          2.0-2.2          [1] 

  infections                22-100        0.2-1.0         [17] 

                              29            1.4           [18] 
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