Electrotherapy: The Effects and Benefits of Contemporary Therapeutic Ultrasound 

Introduction
Therapeutic ultrasound (TUS) has been a widely used and effective treatment in sports therapy and physiotherapy for many years. Despite its effectiveness, electrotherapy modalities, including therapeutic ultrasound, are often subject to debate and misconceptions regarding their efficacy  (Watson, Tim, 2008). However, extensive research indicates that TUS is a safe and effective treatment option for various conditions, such as sprains, tendonitis, and strains (Watson, T., 2000) (Watson, Tim, 2008). Therapeutic ultrasound penetrates deep into the tissues using high-frequency sound waves, promoting natural tissue healing and increasing blood flow. While its primary use was previously as a thermal modality, non-thermal aspects of TUS are more commonly utilised today (van der Windt et al., 1999).

Evidence suggests that TUS primarily aids tissue repair and soft tissue lesion management by supporting the inflammatory, proliferative, and remodelling phases (Watson, Tim, 2008). However, research and clinical outcomes are dose-dependent. When deciding how to use TUS appropriately, consider the frequency, intensity, and pulse ratio carefully. Certain studies indicate that TUS will only be beneficial if applied correctly; otherwise, it may not have any impact (Warden and McMeeken, 2002).

To provide a comprehensive introduction to the use of therapeutic ultrasound, this paper covers the reasons for its use and its current applications. This paper aims to provide a clear and concise explanation of therapeutic ultrasound to those needing to become more familiar with this modality. 

Mechanism of Action
Ultrasound waves are a crucial tool used in clinical medicine to diagnose and treat different medical conditions. Understanding how these waves behave in various media is essential to fully appreciate the benefits of diagnostic ultrasound. Sound waves are longitudinal waves that move through materials, including human tissues. When sound waves encounter a material or tissue, the particles within it move around a fixed point because the wave's energy transfers to the material. As ultrasound waves move through tissues, they create echoes that allow medical professionals to diagnose medical conditions. The amount of echo returned after hitting a tissue interface is determined by acoustic impedance, a physical property of the medium defined as the product of the medium's density and the velocity of ultrasound wave propagation (Watson, T., 2000). 

The ultrasound machine generates sound waves at either 1 or 3 MHz.These waves travel through the tissues and are absorbed by dense collagenous tissues such as ligaments, tendons, fascia, and joint capsules. This wave energy absorption has several physical effects, notably stable cavitation, and acoustic streaming (Warden and McMeeken, 2002) (Watson, T., 2000). These effects alter the cell membrane potential and transport mechanisms, making the membrane more permeable to ions such as calcium and sodium than usual. The result is that the membrane, and hence the cell itself, becomes more excited, carrying out its usual role but in an enhanced or activated fashion. Ultrasound effectively produces cellular excitation, enhancing cellular activity rather than dampening or inhibiting it. 

When used during the inflammatory stage following injury or pathology, ultrasound can act as a pro-inflammatory mediator rather than an anti-inflammatory treatment. This means that its overall effect is to stimulate or enhance the inflammatory cascade, which in turn helps to strengthen the tissues and prepare them for the next phase of repair, known as proliferation. During this phase, ultrasound stimulates the active cells and maximises the production and quality of scar tissue. This includes enhancing the activity of both fibroblastic and endothelial cells to improve their efficacy without increasing inflammation or proliferation. Later in the repair process, soft tissues undergo remodelling to make the scar as functional as possible within the constraints of the parent tissue. Ultrasound is a valuable tool for enhancing this remodelling phase, making it proper from the early stages of inflammation to later scar refinement (Robertson, V. J. and Baker, 2001) (ter Haar, 2007).

The more acute and irritable the tissue in question, the lower the required dose to achieve a stimulating effect. 1 or 3 MHz frequency selection will influence the adequate treatment depth. 3 MHz is more superficial to a depth of approximately 2 cm, while 1 MHz is effective at 4 or 5 cm. The pulse ratio must be higher for more acute lesions (1:4) and lower for more chronic ones (1:1 or continuous). Intensities vary from 0.1-0.3 W/cm² for acute lesions to 0.4-0.7 or 0.8 W/cm² for chronic lesions. Treatment times are based on the principle of 1 minute of ultrasound per treatment head area, although the pulse ratio employed must also be considered. If the machine is pulsed 1:1, it only delivers ultrasound 50% of the time, so the time needs to be adjusted accordingly (Robertson, V. J. and Baker, 2001).

Application and Coupling Medium
The current study brought attention to certain aspects related to TUS usage. The primary factor for determining treatment duration was the injured area. It is widely understood that the effective radiation area influences treatment time, and the heating rate should be inversely proportional to the size of the injury. Clinical evidence supports circular movement as the most effective TUS head technique. This movement pattern allows for uniform dissipation of ultrasound energy, which helps prevent harmful effects caused by stationary waves and cavitation. Optimal mechanical wave propagation was found to require the use of gel. A thinner layer of gel provides better conductivity, resulting in improved wave propagation (Watson, Tim, 2008).
When undergoing ultrasound treatments, the ultrasound must travel through a medium to reach the patient's tissues. This medium is called a coupling medium, and various types are utilised in practice, such as water, oils, creams, and gels. The ideal coupling medium should possess a fluid consistency to fill all available spaces, a dense texture to remain in place, an appropriate impedance to connect with the media and allow for the transmission of ultrasound energy with minimal absorption, attenuation, or disturbance (Watson, Tim, 2008).

Water and gel-based media are more desirable than oil and cream-based media due to their lesser tendency to absorb, change, or disturb the ultrasound energy. A recent study indicated variations in transmission characteristics and absorption levels among frequently used ultrasound gels. However, the clinical significance of these differences was found to be minimal. Most used gels exhibited absorption characteristics that varied by only 3% compared to water, which is insignificant given the clinical machine calibration's inaccuracy (Watson, Tim, 2008) (de Brito Vieira et al., 2012). Recent studies have shown that using the gel as a coupling agent is essential for optimal mechanical wave propagation. Thinner layers of gel offer better conductivity.

Physiological Effects: Thermal and Non-Thermal
Ultrasound therapy can cause thermal effects when tissue temperature is raised to 40–45°C for at least five minutes. However, excessive thermal effects from high ultrasound intensities can damage tissues. The vasodilation resulting from thermal effects is attributed to direct activation of vascular smooth muscles, suppression of the sympathetic nervous system, local spinal reflexes, and increased release of inflammatory chemical mediators (Watson, Tim, 2008).

Through frictional heat generation, ultrasound therapy can increase tissue temperature and cause changes in nerve conduction, enzymatic activity, contractile activity of skeletal muscles, collagen tissue extensibility, local blood flow, and pain threshold reduction. These thermal effects can help relieve pain and promote healing (Haile, Hailemariam and Haile, 2021) (Watson, Tim, 2008).

Additionally, non-thermal mechanisms of ultrasound therapy include ultrasonic cavitation, gas body activation, and mechanical stress or frequency resonance nonthermal processes. Although these mechanisms can cause local tissue injury, including cell death and bleeding of blood vessels, the benefits of ultrasound therapy outweigh the risks. Acoustic microstreaming can help alter cell membrane structure, function, and permeability, allowing for better treatment absorption (Watson, T., 2000).

Studies have shown that ultrasound therapy can cause growth retardation of cells in vitro, increases in protein synthesis, and membrane alterations. These findings suggest that ultrasound initially "injures" the cell, resulting in growth retardation, and then initiates a cellular recovery response characterised by an increase in protein production. Overall, ultrasound therapy is a beneficial treatment that can help improve the quality of life for many people (Warden, 2003).
Conclusion
Ultrasound is a vital component of electrotherapy and is frequently utilised in medical settings. Nevertheless, there is limited data regarding the precise parameters employed and the physiological consequences of specific injuries. Although insufficient evidence supports TUS's clinical efficacy, we have found that practitioners widely use and consider it essential (Warden and McMeeken, 2002) (de Brito Vieira et al., 2012). 

According to medical professionals, Therapeutic Ultrasound (TUS) in clinical settings should be based on the type of tissue injury being treated (Watson, Tim, 2008). Tissues with a higher absorption rate of mechanical energy and containing dense collagen, such as bones, cartilage, and tendons, have demonstrated notable improvements when treated with ultrasound. A recent study primarily examined the use of TUS in treating muscular tissue, tendons, and ligaments in shoulder, elbow, knee, and ankle disorders. TUS proved effective in treating acute and chronic conditions (de Brito Vieira et al., 2012).
It has been found that Therapeutic Ultrasound (TUS) can be applied in both continuous and pulsating modes. The continuous mode provides faster delivery of the intended energy and emphasises thermal effects, while the pulsating mode focuses on non-thermal effects. However, both modes can overlap and are affected by the intensity used. A frequency of 1.0 MHz is the most widely used, regardless of tissue depth. The ultrasound wave frequency is associated with how far the ultrasonic waves can reach a particular biological tissue. 1.0 MHz is better suited for deeper tissues, while 3.0 MHz is more effective for superficial tissues (Warden and McMeeken, 2002). 
A recent study explored the most effective therapeutic ultrasound (TUS) intensity levels based on tissue depth and the type of treated pathology. The TUS mode was carefully adjusted depending on whether the injury was acute or chronic. The study found that pulsate TUS with higher intensities, ranging from 0.6 to 1.0 W/cm2, was particularly effective for treating soft tissue inflammation, as it focuses on non-thermal TUS effects. Conversely, continuous TUS with higher intensities ranging from 0.6 to 1.0 W/cm2 and 1.1 to 1.5 W/cm2 was preferred for chronic disorders to maximise TUS thermal effects. The study recommends continuous TUS on intensities ranging from 0.8 to 1.0 W/cm2 for treating chronic injuries, relieving pain, and increasing the temperature and extensibility of soft tissues (Warden and McMeeken, 2002). A lack of knowledge about these topics can be innocuous or potentially harmful to patients, especially concerning the physiological effects of the TUS or its absolute contraindications. However, this treatment method can be incorporated into a patient's overall treatment plan to help their body recover faster and more efficiently. It works by stimulating the cells in the targeted area, increasing blood flow and oxygen supply, reducing inflammation, and promoting tissue repair (Robertson, Valma J. and Baker, 2001). By doing so, therapeutic ultrasound can help alleviate pain, improve range of motion, and speed up recovery time. It is a safe and effective treatment option combined with other therapies to improve overall outcomes (de Brito Vieira et al., 2012) (Robertson, Valma J. and Baker, 2001).
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