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What are the reported mechanisms of action for the modality? 
Therapeutic Ultrasound (TUS) is one of the most recognised and widely utilised electrophysical treatment modalities. Sound waves are used in ultrasound therapy. The sound waves are produced by mechanical energy generated by the vibration of a quartz crystal; the sound frequency employed for therapy is normally between 1-3 MHz (Watson, 2008).
Longitudinal waves with regions of compression and rarefaction are known as sound waves. When subjected to a sound wave, particles of a material or tissues will oscillate about a fixed point rather than moving with the sound wave, this causes an increase in heat (Lentacker et al., 2014).  According to Watson (2017), the use of TUS as a therapeutic technique does not focus on utilising the generation of heat. TUS aims to concentrate on modalities that have a wide variety of effects. However, since not all tissues absorb ultrasound identically, the modality's effectiveness is determined by the tissue type being treated. Ligaments, tendons, fascia, capsules, and scar tissue are all dense collagenous structures that absorb TUS energy.

The relationship is represented mathematically as V = F.𝜆. V denotes velocity, F is frequency, and 𝜆 is the wavelength. The wave (disturbance) that moves across the medium is velocity. The velocity of TUS in a saline solution is roughly 1500 m sec-1, compared to around 350 m sec-1 in air; sound waves travel more rapidly in a denser medium. The velocity of ultrasound is estimated to be equivalent to saline in most tissues (Watson, 2008). A tissue density and elasticity determine the altered velocity, which is referred as impedance. However, if a high reflection occurs, the amount of TUS energy delivered will be reduced (Miller et al., 2012). The frequency is the number of times in one second that a particle goes through a complete compression or rarefaction cycle. Typically, 1 or 3 MHz (Bhatta et al., 2018). In each medium, the wavelength is the distance between two equivalent places on the waveform. The wavelength of an 'average tissue' would be 1.5 mm at 1 MHz and 0.5 mm at 3 MHz (Church and Miller., 2016). These three elements are intertwined, but they are not the same for every tissue (Watson, 2017). Typical therapeutic equipment TUS frequencies are 1 and 3 MHz, though some machines produce additional frequencies (e.g. 0.75 and 1.5 MHz), and 'Longwave' ultrasound devices operate at several tens of kHz typically 40-50,000Hz, a much lower frequency than 'traditional TUS' but still beyond human hearing range (Church and Miller., 2016). As mentioned by Church and Miller (2016) and Watson (2017), air has the highest impedance for TUS waves; using a coupling medium can prevent any air from interfering with the transmission.
Cream, oils, water, and gels are utilised to establish an airtight barrier between the transducer and the client's skin. The fluid nature of the mediums allows them to create the airtight barrier required to fill any available space (Saber and Saber., 2017). Spratt Jr et al, (2014) states in comparison to water, which can only be utilised if the limb is submerged, a gel-based medium is regarded the best medium to employ for TUS since its viscosity allows the treatment to be performed anywhere on the body without the risk of the gel sliding off.
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Fig.1 demonstrates the quality of TUS energy absorption through tissue (Watson, 2008).
As previously mentioned, TUS energy is absorbed through the superficial and deep tissues. The absorption of TUS energy is theorised to be exponential by López-Haro et al (2015), implying there is no point at which the tissue absorbs all the TUS energy. However, Watson (2008), states there comes a point where energy is insufficient to produce a therapeutic effect. Watson (2011) states that TUS therapy is half-value depth is a theory that describes the depth of each tissue when half of the surface energy is available and is unique to each tissue. Using half-value has various drawbacks; for example, knowing the tissue thickness of an individual, it would be difficult to employ this theory. As a result, 1MHz and 3MHz, average half depth is employed (Leighton et al., 2017). According to López-Haro et al (2015), tissue with the highest protein concentration absorbs more energy, but tissues with high-water content can only absorb a small amount. This enables for an ordered of tissues based on their quality of TUS energy absorption, as seen in figure 1. As stated, earlier tendon, ligament, fascia, joint capsule, and scar tissue absorb TUS.  Burov et al, (2015) states due to that both bone and cartilage have a high reflection rate, TUS energy is reflected to the brain, these are believed to be the most receptive to TUS therapy. In accordance with Fakoor et al, (2016) recent studies focused on the use of low intensity pulsed ultrasound (LIPUS) in the treatment of long bone and non-union fractures. TUS has generally not been utilised on bone because it is usually deep and exceedingly painful to treat when a fracture is present. Laugier and Haïat, (2011) stated that a biological response from cells can be encouraged to produce bioactive chemicals by applying a 1.5MHz pulsed ratio. These molecules can influence mineralisation, enhancing the bone healing process (Fakoor et al., 2016). The time spent on treatment (on average 20 minutes each day for 5 months) is one of the disadvantages of using LIPUS. Also, the amount of work required is less than what most TUS machines can produce (Haffner-Luntzer and Ignatius., (2020). 
TUS energy can also be adjusted for therapeutic purposes by changing the pulse rate (Watson, 2017). In accordance with Watson (2017) some manufacturers use a percentage instead of a ratio to characterise their pulsing (1:1 = 50%, 1:4 = 20%, and etc).  He also claims that the most used ratios are 1:1 (50%), 1:2 (33%), and 1:3. (25%).
What are the reported benefits or effects of using the modality? 
To explain the effects of TUS, two sorts of mechanisms are frequently postulated: thermal and non-thermal. TUS can produce both thermal and non-thermal effects within the tissue (Watson, 2017). However, positively identifying the mechanisms involved in creating biological change, as well as isolating non-thermal effects from thermal effects, is sometimes extremely challenging (Rawson et al., 2011). 
As previously mentioned, TUS can cause a thermal therapeutic effect (Kitchen, 1990) caused by the ultrasonic beams passing through tissue thereby reducing the energy. In accordance with ter Haar, (2004), an increased extensibility of collagenous structures such as tendons and scar tissue, pain relief, changes in blood flow, reduction in muscle spasm, and, at high intensities, selective tissue ablation as achieved in focused ultrasound surgery are all thought to be beneficial effects of ultrasonically induced heating. When the temperature of injured tissues is increased to 40-45°C, it causes hyperaemia, creating a therapeutic effect. Furthermore, temperatures in this range are known to aid in the treatment of chronic inflammatory conditions (Morishita et al., 2014 and Cakir et al., 2014).
Non-thermal effect methods cause a beneficial tissue change can be either cyclic or non-cyclic. Cavitation and acoustic streaming are currently thought to be the primary cause of TUS is non-thermal effects. Although it sounds attractive, there appears to be little persuasive evidence to support the concept of micro-massage (Bastianpillai et al., 2015 and Tang et al., 2015). Cavitation is the creation of gas-filled bubbles inside the tissues and body fluids in the most primitive form (Watson, 2017). There are two varieties of cavitation: stable and unstable, each with its own set of effects. At therapeutic doses of TUS, stable cavitation appears to develop. By accumulating gas bubbles that dissolved in the medium, acoustic streaming can be improved thanks to the gas-free chamber (Matsumoto et al., 2014 and Watson, 2017). The production of bubbles at the low-pressure section of the TUS cycle is known as unstable cavitation. These then burst, releasing a tremendous quantity of energy which is harmful to a tissue’s viability, causes a substantial amount of energy to be released, resulting in cell death in the surrounding tissue (Watson, 2017). In accordance with Matsumoto et al., (2014) unstable cavitation is not the best therapeutic option since it poses a risk to the patient, due to damage cause.
Acoustic streaming is the eddying of fluids near a vibrating structure, such as cell membranes or the surface of a stable cavitation gas bubble, on a small scale (Wu, 2018). Diffusion rates and membrane permeability are affected by this process. The permeability of sodium ions is altered, causing alterations to cell membrane. A shift in calcium ion transport may lead to a change in enzyme control lasing, resulting in an increased protein synthesis and cellular secretions (Watson, 2017). The combined effects of cavitation and acoustic streaming cause cells to up-regulate, resulting in increased cellular activity (Zhang et al., 2018). Micro-massage is a term used in the early literature (Summer and Patrick., 1964). The periodic character of the sound pressure field is assumed to be responsible for this effect. Within cellular systems, a variety of experimental designs appear to have successfully separated the nonthermal from the thermal effects of ultrasound (Kitchen, 1990 and Dyson, 1987).
It is theorised that TUS can help tissue recovery in all three phases of the healing process (Carrer et al., 2015). These stages are, the inflammatory stage, this is an important part of the tissue repair process and should be viewed as such rather than as an "inappropriate response" to injury (Barbieri et al., 2011). Machtaler et al., (2011) advocated that cell like mast cells and white cells, which play crucial roles in the healing process, be stimulated. The macrophages and platelets are stimulated. The release of arachidonic acid happens before synthesis of the mediators, leading to the generation of inflammatory mediators’ prostaglandins and leukotrienes when mast cells are stimulated. Carrer et al., (2015), theorised that TUS improves the inflammatory healing response, allowing a faster transition to the next stage of the healing process.
The proliferative phase entails the synthesis of repair material, which in most musculoskeletal injuries entails scar material production (Tanaka et al., 2015). During this phase, cells such as fibroblasts, myofibroblasts, and endothelial cells are important to be stimulated (Karumuri et al., 2016). Karumuri et al., (2016) theorised that TUS is up-regulation effect optimises the proliferative phase, comparable to the inflammatory stage, resulting in a shorter time before moving on to the remodelling stage. In accordance with Watson (2016) using a low-dose pulsed TUS can enhance protein synthesis, collagen synthesis, and fibroplasia, helping to optimise the proliferative phase.
Zhang et al., (2017) stated that before the tissue heals, a remodelling process occurs lasting a year or more. According to Watson (2016), TUS helps the improvement of healing by enhancing the process of type III formed during the proliferative stage is converted to type I, allowing better tensile strength and scar mobility. The orientation of collagen fibres is suggested to boost the ability of generic scar tissues to acquire more functional characteristics (Zhang et al., 2017).
What is the evidence base for the effects? 
There is evidence supporting the application of TUS during the healing process. A systematic review performed by Casimiro et al., (2012), found that TUS performed as an anti-inflammatory during the healing process. This was found when the dosage was 3MHz applied to the palmer aspect of the hand. A study conducted by Durmus et al., (2010) implied that TUS showed a significant tissue healing advantages when compared to a placebo group, with dosages ranged from 1-1.5 W/cm2. Some of the impacts of thermal effects during the proliferative phase of healing accelerate tissue healing. A study performed by Mostafa et al., (2015) showed benefits of thermal effect including increased enzymatic activity, circulation, cell permeability, nerve transmission, pain threshold, and collagen extensibility. According to a study conducted by Karnes and Burton., (2002) on the effect of TUS on rats, an increase in healing in the late inflammatory early proliferative phases occurred, when an increase in ossification and cartilage development was found. Chang et al., (2002) conducted a systematic study of the effect of temperature on bone healing. The mechanism of ultrasonic stimulation in promoting fracture healing was the focus of this study. The outcome of the study was new bone production in the osteotomy site of the stimulated limb was 23.1–35.8% quicker following ultrasonic stimulation. The findings of this study illustrate that low-intensity ultrasonic stimulation (LIPUS) boosts new bone growth. 
In comparison to temperature effects, there is evidence from in vivo and in vitro research that LIPUS plays a substantial role in tissue healing by increasing myogenin and actin proteins in LIPUS-treated cells, myofiber regeneration, fast-twitch muscle regeneration, and tetanus in LIPUS-treated muscles (Chan et al., 2010). In vitro and in vivo studies with TUS on inflamed tissues discovered a variety of effects, including increased fibroblast recruitment, stimulation of macrophage-derived fibroblast mitogenic factors, and faster angiogenesis. Increases in matrix synthesis, fibrinolysis rate, and production of dense collagen fibrils, as well as an increase in tissue tensile strength, indicating that TUS speeds up and enhance tissue recovery (Hanes et al., 2004; Siani et al., 2002; Malizos et al., 2006). These results also imply TUS speeds up and improve tissue healing. 
There is a lot of evidence in this review suggesting TUS is a useful technique to employ for tissue healing during the inflammatory and proliferative phases of healing. Watson’s theories (2011; 2016; 2017) support the previously cited evidence. Though, much of the information comes from in vivo or in vitro trials, and some TUS research is outdated. Some TUS effects on the healing phase, changes during the two mediums in vivo or in vitro research, resulting in a range of outcomes. Therefore, current study using modern techniques is required to validate or refute the dated research.
What is the evidence base for the mechanism of action? 
Awan et al., (2017) published a study looking at the ‘effectiveness of therapeutic ultrasound with or without spica splint in the management of De Quervain's disease (DQD)’. A total of thirty patients were split into two groups. The control group received TUS, while the experimental group received thumb spica splitting after receiving ultrasound. The intervention-induced changes within the groups were explored using a paired sample t-test, using an independent sample t-test the two groups were compared. The findings showed that combining TUS with a spica splint for De Quervain's disease conservative treatment is more effective than TUS alone.
Özgönenel et al., (2018) conducted a randomised double-blind placebo-controlled trial determining the 'effectiveness of therapeutic ultrasound (US) in knee oOA'. Thirty-three patients were given continuous TUS (n = 15) or sham TUS (n = 18) as a placebo. Following the intervention, both groups experienced less knee pain when moving. The VAS values in both the treatment and placebo groups improved significantly (P 0.05 and P 0.05, respectively). After intervention, neither group's cartilage thickness measurements of the medial femoral condyle, lateral femoral condyle, or intercondylar area changed. The findings demonstrate that TUS is an effective treatment modality for pain alleviation and function improvement in patients with knee OA; however, TUS had no effect on cartilage repair.

Aiyer et al., (2020) performed a systematic review and meta-analyses (PRISMA) into ‘the Effectiveness of Therapeutic Ultrasound for Chronic Pain Management in Joints’. This review looked at ten studies that were published between 1980 and 2017. Randomised controlled trials (RCTs) evaluating TUS (continuous and pulsed) in patients with chronic knee and shoulder were included. The results demonstrated that TUS had a statistically significant improvement in knee and shoulder pain. However, several trials have shown that TUS is inferior to the comparator modality in the treatment of shoulder discomfort. The study's findings revealed that TUS can help treat chronic pain in joints when used in conjunction with other physiotherapeutic methods. According to the findings of the study, TUS can impact chronic pain management in joints.

The studies cited above, Özgönenel et al., (2018) and Aiyer et al., (2020), give evidence that TUS can be utilised to treat chronic pain in joints like the knee and shoulder. There is evidence that TUS should be used in conjunction with a spica splint for patients with DQD (Awan et al., (2017) and Aiyer et al., (2020), which states that a combination of different physiotherapeutic modalities is required to achieve pain reduction. The studies conducted by Awan et al., (2017), Özgönenel et al., (2018), and Aiyer et al., (2020) contained many low-quality evidence studies and high-risk of bias studies, which suggests the results from these studies should be interpreted with caution until there is an abundance of high-quality evidence to determine whether TUS is or is not effective in reducing pain and ROM in patients.
What traffic light colour would you put on this modality? 
I would give electrotherapy treatment modality a traffic light colour of amber for a variety of reasons. Theorised tissue healing effects from TUS use during the inflammatory and proliferative phases of healing have been proven. However, some of these studies are in vivo and in vitro, which provide lower-level evidence than human trials, and more high-level human-based ultrasound trials are needed to acquire a complete understanding of ultrasound's effects on the human body. TUS has also been proven to have additional benefits, such as pain alleviation; one theory is that the ultrasonic head's contact with the skin stimulates A-beta fibres, resulting in a pain gate effect. There was a significant quantity of evidence in the literature that there was a lack of current research. This is a limitation because the literature provided could have been developed over the year, providing new information and new techniques, which could change the traffic light colour given.  
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TUS was given a trafficlight N aneviation; one theory is that the ultrasonic
colour of amber. The reasons for | head's contact with the skin stimulates A-
this are that there is evidence to || beta fibres, resulting in a pain gate effect.

5 Although there was a significant quantity of|
B evidence in the literature, there was a lack

however these studies incldude | of current research. This is a limitation
in vivo and in vitro studies because the literature provided could have

which provide lower-level been developed over the year, providing
: new information and new techniques.
evidence compared to human

trials.





