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                 Review of the Literature Surrounding Therapeutic Ultrasound (TUS)

“Therapeutic ultrasound is defined as the use of ultrasound for the treatment of diseased or injured organs or bodily structures” (Mason, 2011). A paper written by Papadopoulos and Mani (2020) states that it is a noninvasive and atraumatic therapeutic modality that has been used to manage and aid recovery from acute soft tissue injuries, chronic orthopedic and rheumatologic conditions, overuse syndromes as well as a variety of other muscoskeletal disorders for 6 decades. TUS is an acoustic energy which utilises a frequency of 1-3MHz and beyond. There is conflicting research for and against TUS, this paper aims to critically evaluate the most relevant research in order to gain an understanding of whether or not it is an effective treatment modality.

TUS is the process of applying high frequency electrical current to piezoelectric crystals, this causes the crystal to rapidly expand and contract. The rapid expansion and contraction of the crystal is reported to cause oscillations that result in Ultrasound (US) waves. To summarise the reported mechanisms of TUS, it has to be noted that there are both thermal and nonthermal effects. As for the thermal mechanism, Longitudinal US waves are said to cause areas of compression and rarefaction, which in turn cause oscillations and vibrations of particles which causes energy transfer and therefore increases the temperature of the tissue. The non-thermal mechanisms of TUS are reported to cause micromassage, stable cavitation and acoustic streaming. Stable cavitation is the formation and growth of gas bubbles, this enhances acoustic streaming which is small scale eddying of fluid near the vibrating structures. Ultrasound (US) waves also cause micromassage vibrations within the tissue.  

[bookmark: _Int_N8eXcrEX]The reported effects of TUS are firstly an increase in tissue temperature caused by the aforementioned thermal mechanism. An increase in temperature in the damaged tissue to somewhere between 40 and 45 degrees Celsius is said to result in hyperaemia (increased blood flow). Hyperemia is reported to be an important part of the inflammatory phase of healing, suggesting TUS’ effects are pro-inflammatory. Oscillations and vibrations caused by TUS are said to improve tissue fluid interchange, this possibly increases tissue mobility. Acoustic streaming is reported to increase cell permeability allowing more nutrients to be passed in and out of the cell. It's also reported to modify calcium ion transport, thus altering enzyme-controlled mechanisms like protein synthesis and cellular secretions.

[bookmark: _Int_at4M5A4c]A paper published by Papadopoulus and Mani (2020) listed the following thermal effects of TUS: increased tissue temperature, enhanced local blood flow, increased metabolic activity within the tissue, greater extensibility of collagen fibers and reduced viscosity of tissue fluid. Findings from a study conducted by Chen and Humphrey (1998) indicated that exposure to increased tissue temperature results in increased collagen extensibility, further cementing the statement that TUS increases collagen extensibility. It’s important to note that this study was published 28 years ago and therefore more research in the area has been done since, possibly hindering the reliability of the source. Increased local blood flow is an important part of the inflammatory process of injury as explained in the following quote, “The hyperemic response probably reflects an initial reaction of arterioles to injury and to the rapid release of vasoactive mediators (histamine, bradykinin, neuropeptides, prostaglandins) produced by mast cells, macrophages, fibroblasts, parenchymal cells, and the vessel wall.” (Granger and Senchenkova, 2025). A longitudinal study conducted by Daley et al.,(1990) stated that during the inflammatory phase (specifically the first 3-5 days) glucose uptake and lactate production increased as a result of increased inflammatory activity. If TUS increases metabolic activity as the aforementioned study states that it does, then this once again emphasises its usefulness in the inflammatory phase of injury as it enhances the efficiency of inflammation. The previously mentioned study from Papadopoulos and Mani (2020) stated that increased tissue temperature resulted in a reduction in tissue fluid viscosity and reduced tissue fluid viscosity enhances tissue fluid interchange. A study from Andreozzi et al., (2020) further highlights an increase in nutrient exchange, as it states that an increase in localised tissue temperature will also increase the pressure within the cell thus, causing increased cell permeability and enhanced nutrient exchange. 
[bookmark: _Int_p7e80A7U]An increase in temperature local to the damaged tissue will consequently increase synovial fluid temperature. Synovial fluid lubricates joints whilst also acting as a shock absorber. In healthy humans, synovial fluid is viscous which helps reduce breakdown of cartilage (Hui et al., 2011). This suggests that reduction in the viscosity of synovial fluid in people with conditions such as osteoarthritis can be a detriment as thinner synovial fluid results in reduced shock absorption. However, it is important to note that synovial fluid plays a role in heat transfer to cartilage, and that increasing the temperature of cartilage increases its extensibility, which will likely increase the tissues’ ability to withstand forces. This means that explaining the effects of TUS is more nuanced than stating whether or not it is good or bad. It must be noted that the aforementioned study (Hui et al., 2011) was published 15 years ago and which can affect the accuracy of the study. 
The same paper from Papadopoulus and Mani (2020) also listed the nonthermal effects listing them as; ultrasonic cavitation, activation of gas bodies and mechanical stress or frequency resonance. The most commonly documented non-thermal cellular effects of TUS are acoustic streaming and cavitation (Dyson, 1982). It’s important to note that this study was published in 1982 and therefore more research in the area has been done since, possibly hindering the reliability of the source. Another article that documents TUS’ effects states that “Therapeutic ultrasound produces a combination of nonthermal effects (acoustic streaming and cavitation) that are difficult to isolate” (Johns and Lennart, 2002). Acoustic streaming causes sonoporation which in turn increases cell permeability (Wu, 2018). As mentioned before, increased cell permeability will enhance nutrient exchange. Xin et al., (2016) defined the effects of acoustic streaming as “increased diffusion rates and membrane permeability, which leads to an alteration in the process of protein synthesis and cellular secretions”. As well as this Papaopoulos and Mani (2020) also stated that TUS produces a significant reduction in pain across multiple joints when used as an independent modality of treatment or when paired with other techniques. The aforementioned Xin et al., (2016) stated that TUS causes micromassage which causes molecules to vibrate, likely enhancing tissue fluid interchange and tissue mobility.
The evidence states that the thermal effects of TUS are an increase in tissue temperature caused by areas of compression and rarefaction that are brought about by longitudinal Ultrasound (US) waves. US waves create oscillations of the particles within the targeted tissue cells; these transfer energy via compression and rarefaction. US waves cause vibrations of particles which causes an increase in temperature in the targeted tissue. It is reported that this same mechanism causes acoustic streaming. (Papadopoulos and Mani, 2020). “Acoustic streaming is defined as the physical forces of the sound waves that provide a driving force capable of displacing ions and small molecules.” (Lennart and Johns, 2002). A study from Xin et al., (2016) also stated that the primary mechanisms of actions for TUS are acoustic streaming, stable cavitation and micromassage. The article also states the definitions of these three effects which are; that stable cavitation is the formation and growth of gas bubbles created with therapeutic doses of ultrasound. " Acoustic streaming is the small scale eddying of fluids near a vibrating structure that can affect diffusion rates and membrane permeability, which leads to an alteration in the process of protein synthesis and cellular secretions”. It describes micromassage as the “effect of molecules vibrating when the sound wave is travelling through the medium, which can possibly affect tissue fluid interchange and tissue mobility”.
When deciding whether to use TUS as a treatment modality, it is important to note which phase of healing it is most applicable to. The evidence suggests that it is pro-inflammatory and therefore the acute phase of an injury is where it will likely see the most benefit. The vast majority of reported benefits are documented in peer-reviewed articles published in varying decades over the last 60 years. The majority of articles do not contradict each other, which indicates TUS as a reliable mode of treatment. However, the vast majority of its effects are thermal and can be mimicked in much more cost-effective ways, such as effleurage and many other soft tissue techniques. For these reasons a traffic light colour of amber would be most appropriate.
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