Therapeutic Ultrasound

Introduction
Energy moves from one place to another through sound waves. Ultrasound waves are partially transmitted to deeper structures, partially converted to heat and partially reflected to the transducer as echoes as they pass through tissues. Increased local blood flow, hyperdynamic tissue metabolism, elevated collagen fibre extensibility, tissue temperature are all effects of thermal therapeutic ultrasound. Mechanical stress, gas body activation, ultrasonic cavitation, and frequency resonance are examples of non-thermal mechanisms.

The reported mechanisms of action for the modality
[bookmark: _Int_Ps0CkWIe]Therapeutic ultrasound (TUS) is an electrophysical agent, frequently used in physical therapy (Emmanuel, Papadopoulos and Raj Mani, 2020). A piezoelectric effect caused by crystal vibrations inside the probe produces ultrasound waves. TUS is a form of mechanical energy, with every US beam producing longitudinal waves consisting of areas of compression and rarefaction. Compression is the process by which molecules move closer together, and rarefaction is the process by which they separate (O’Brien, 2007). When US waves travel through materials, their particles oscillate, transferring energy through the compression and rarefaction of the media. Likewise, as US travels through tissues, it generates vibrations that alter the tissues' temperature (Rojas-Valverde, Rojas-Valverde, Campos, et al., 2021). Physical therapy treatments can be classified as either thermal (continuous mode) or non-thermal (pulsed mode), but they are a combination of both phenomena (Conner-Kerr and Oestrle, 2017). Emmanuel, Papadopoulos, Raj Mani, (2020) states however it is incorrect to assume that only one effect is present at any given time because US can cause both thermal and nonthermal physical effects in the target tissues. The relationship between the two physiological mechanisms of US depends on the application's parameters. The intended outcome, the density, and the location of the tissue being treated all influence the parameters. The following treatment parameters can be changed based on the pathology of the patient: frequency, intensity, duration, treatment area, and treatment mode (duty cycle) (Yadollahpour, Mostafa, Samaneh, et al., 2014). In the pulsed mode, the US is delivered intermittently, while in the continuous mode, it is delivered continuously during the course of treatment (Vásquez, Navarrete, Farfán, et al., 2014). US can be applied at two fixed frequencies: 3.0MHz and 1.0MHz. The frequency of 3 MHz is specifically used to treat superficial tissues, while the frequency of 1 MHz is applied to deeper tissues. This is because the frequency and the depth of US energy penetration are inversely related (Emmanuel, Papadopoulos and Raj Mani, 2020). Impedance relates to the measurement of the transmission and reflection of US. The steel/air interface between the patient and the probe has the highest impedance (99.998%), but it can be overcome with either gel or water as a coupling media (O’Brien, 2007). Tendons, ligaments, fascia, capsules, and scar tissue are among the tissues with a higher protein content that absorb US energy more effectively than tissues with a low protein content, such as blood, fat, cartilage, and bone (Izdifar, Babyn and Chapman, 2017). 
[bookmark: _Int_r1dgKio8]The mechanism behind achieving a thermal effect is through higher intensities such as continuous waves or 100% duty cycle. Biological tissues, particularly those in high collagen and other protein containing fibers, absorb acoustic energy and transform it into thermal energy. Resultant tissue heating promotes blood flow and tissue elasticity, enhancing healing and mobility (Saber, 2017). Non-thermal effects of US are associated with cavitation, acoustic streaming and microstreaming (O’Brien, 2007). Cavitation is the process by which gas bubbles are created or moved within the tissue as a result of the tissue’s alternating expansion and compression during the transmission of an ultrasound wave (Izadifar, Babyn, and Chapman, 2017). It’s important to take into consideration that rapid gas bubble oscillation can cause cell damage when the bubbles rapidly expand and then collapse. Known as unstable cavitation, this violent collapse can damage cell membranes, changing how the cell functions (Lucas, Perez, Bernal, et al., 2020). Changes in the mechanical pressure within the US field cause acoustic microstreaming, which is the unidirectional movement of fluids across cell membranes. Microstreaming has been proposed to promote tissue repair by altering the permeability, function, and structure of cell membranes (Yadollahpour, Mostafa, Samaneh, et al., 2014).  


Acoustic radiation force is the steady, time-averaged force produced by the sound field when it transfers momentum to an object. By causing shear stress to open cell connections, acoustic radiation force can improve penetration into dense tissues and increase cell permeability. Acoustic streaming is the term for small scale eddying of fluid near vibrating structures (Daftardar, Bahl, Boddu, et al., 2020). By influencing nerve electrical activity, acoustic streaming can alter the distribution of calcium and potassium on either side of the cell membrane and alter the membrane's permeability to substances. Luminescence, high heat, transient microbubbles, electrical discharge, bubble bursting, and high pressure are just a few of the physical phenomena that can result from changes in acoustic streaming. These changes can also ultimately control different bodily physiological processes (Zhao, Saiding, Cai, et al., 2023).



Reported benefits and effects of using the modality
The main reported effect of using this modality is to promote healing and accelerate recovery. The various mechanisms include increasing the rate of fibrinolysis, promoting the production of mitogenic factors for fibroblasts derived from macrophages, increasing the recruitment of fibroblasts, speeding up angiogenesis, increasing matrix synthesis, creating denser collagen fibrils, and improving tissue tensile strength (Leung, Y Ng and Yip, 2004). 
The main goal of treating acute and subacute soft tissue injuries is usually to prevent the temperature, swelling, or inflammation from rising too much. As a result, pulsed ultrasound treatment is recommended. Pulsed ultrasound settings minimise heat generation while producing therapeutic effects on soft tissue, cavitation, and acoustic flow (Zhao, Saiding, Cai, et al., 2023). Beyond the biophysical effects of therapeutic ultrasound, LIPUS has been linked to several advantages, such as tissue regulation, trophic effects, anti-inflammatory, sympatholytic, and spasmolytic effects. LIPUS also promotes protein biosynthesis, improves cell metabolism, regulates muscle tone, increases microcirculation, and increases cell membrane permeability (Mulftic and Miladinovic, 2013). 

Effects on healing

The non-thermal effects of the US cause the degranulation of mast cells causing the release of arachidonic acid which is a precursor for synthesis of prostaglandins and leukotreine (Leung, Y Ng and Yip, 2004). TUS has a stimulative influence on platelets and white blood cells with phagocytic roles and the macrophages (Maxwell, 1992). Chemical mediators are released by mast cells and are crucial in bringing monocytes and neutrophils to the site of injury. Platelet membrane permeability is altered by acoustic streaming, revealing serotonin and wound factors. These procedures seem to speed up the acute inflammatory phase and encourage wound healing when combined with other occurrences (Yadollahpour, Mostafa, Samaneh, et al., 2014).  Watson and Young (2008) states that TUS is more pro-inflammatory than anti-inflammatory due to its increased activity. It has the advantage of acting as an inflammatory optimiser rather than boosting the inflammatory response. 
Ultrasound stimulates the production of scar tissue by fibroblasts, endothelial cells, and myofibroblasts during the proliferative phase. As a result, ultrasound does not alter the normal proliferative phase but rather maximises its efficiency by producing the necessary scar tissue in the best possible way. Low dose pulsed ultrasound also increases protein synthesis, and multiple research groups have shown increased collagen synthesis and fibroplasia (Saber, 2017). Through improved tensile strength, improved scar mobility, and proper orientation of the newly formed collagen fibres, therapeutic ultrasound application can affect the remodelling of the scar tissue (Saber, 2017).



Evidence from literature for the effects
Therapeutic ultrasound and the biomechanical impacts on soft tissue recovery have been the subject of a substantial amount of recent research in both humans and animals. 
A systematic review by Best, Wilk, Moorman, et al., (2018), looked at low intensity ultrasound (LITUS) for promoting soft tissue healing. The search included 35 appropriate studies that met the inclusion criteria, containing studies on tendons, muscles, ligaments and tendon-bone junction. The results showed after injury, pulsed LITUS (≤3 W/cm2) had been demonstrated to improve collagen synthesis and tendon strength. Following LITUS treatment, there was an increase in the expression of collagen types I and III. Additionally, treated tendons showed higher birefringence, or the coherence of collagen alignment, than controls. Furthermore, compared to later stages of healing, introducing LITUS earlier in the healing process enhanced tensile strength and matrix synthesis, according to an analysis of treatment duration and time. The application of LITUS enhanced skeletal muscle cell proliferation as well as the expression of myogenin and actin proteins. In an injured gastrocnemius muscle, LITUS almost doubled satellite cell proliferation when compared to controls. The application ITUS also showed enhanced ligament healing. One study showed that following six weeks of LITUS treatment, ligaments were 10.6% larger, 24.5% stiffer, 39.5% stronger, and able to absorb 69.1% more energy than sham-treated ligaments. At both 3 and 6 weeks, the type II collagen proportion in LITUS-treated ligaments was higher than that of controls, and the collagen fibril diameter was larger in the LITUS-treated group than in the control group. 
According to reports, TUS improves range of motion, oedema control, and pain thresholds in sports injuries. This may be due to increased collagen extensibility, decreased oedema, and consequently decreased inflammation, muscle spasms, and joint stiffness. Without providing specifics about the methods used to measure TUS parameters, a systematic review on acute ankle sprains found that TUS was no more effective than a placebo in treating pain and oedema (Bekerom, Windt, Riet., et al 2011).
Conclusion
Although TUS is frequently chosen for the treatment of skeletal disorders, pulsed and continuous techniques can both be employed. Nevertheless, there are certain issues with using ultrasound therapy as a treatment adjunct. These difficulties include inconsistent findings about the effectiveness of ultrasound in particular joints, the absence of standardised treatment protocols for different clinical scenarios, and the relative efficacy of ultrasound versus other physical therapies. Therefore, the traffic light colour I would put on this modality is amber. 
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