Electrotherapy- Literature review
This literature review will focus on electrotherapy but more specifically therapeutic ultrasound and its effects and benefits. This review will also look into the mechanism and the evidence base for the effects and mechanism and possible contraindications of the modality.
Therapeutic ultrasound as states is “alternating compression and rarefaction of longitudinal sound waves with a frequency between 0.7 MHz and 3.3 MHz to maximise energy absorption at a depth of 2–5 cm of soft tissue” (Zhang, Chow, Leung et al. 2017). Izadifar (2017) states “Ultrasound can interact with biological tissues through heating as well as through non-thermal mechanisms, including acoustic cavitation, gas body activation, mechanical stress, or other unknown non-thermal processes”.  The non-thermal effects of ultrasound are due to acoustic streaming, microstreaming and cavitation, whilst the thermal effects are when the energy is converted into heat (Zhang, Chow, Leung et al. 2017) in the tissues due to absorption. “Cavitation is defined as the creation or motion of very small gas bubbles that are produced in tissue due to the alternating expansion and compression of tissue as an ultrasound wave propagates through it” (Izadifar,2017).  While acoustic streaming is stated as “the propagation of disturbances in the fluid caused by the ultrasonically induced oscillation of gas bubbles” (Leong, Martin and Ashokkumar, 2017). More specifically the thermal effects from the mechanism of absorption are “described using linear and non-linear propagation models of FUS beams” and “both stable and transient cavitation contribute to the observed temperature change” as stated by Ebbini and Ter Haar (2015). As the waves travel through the tissues the beam is reduced due to absorption, scattering or reflection but energy loss is accounted for mainly because of absorption (80%) in soft tissue (Izadifar, 2017). During the application of therapeutic ultrasound, a coupling medium must be used on the skin as it is easier for the waves to transmit to the site (Snehota, Vachutka, ter Haar et al. 2020).
The main benefit of using therapeutic ultrasound is that it aids and accelerates healing and enhances quality of repair due to the non-thermal effects as cell permeability is increased meaning a better exchange of nutrients and oxygen to the tissue (Izadifar, 2017). It has also been stated that non-thermal effects of ultrasound decrease inflammation (Jiang, Savchenko, Li et al. 2019). Guan, Wu, Wang et al. (2024) states in an article that “there is a growing trend in its application for non-thermal effects, particularly in soft tissue reconstruction, wound healing and bone fracture recovery” and that non-thermal effects which cause an increase in cell permeability could potentially be a mechanism in the treatment for pain. In relation to the thermal effects, the benefits include an increase in metabolism, decrease pain and muscle spasm, decrease joint stiffness and increase collagen extensibility depending on the increase in temperature. However, a temperature of more than 45°C would be damaging (Zhang, Chow, Leung et al. 2017). Therapeutic ultrasound can target many different acute and chronic injuries as well as deep and superficial structures. Although, the settings chosen (intensity, pulse ratio, frequency and time) will determine whether a chronic or acute injury is treated or a deep or superficial structure (Aiyer, Noori, Chang et al. 2020). Therapeutic ultrasound can be used in the healing of ligament, tendons, cartilage, bone, etc (Jiang, Savchenko, Li et al. 2019). The manufacturer Chattanooga states that ultrasound is “popular for its therapeutic benefits because it can provide fast pain relief at the same time as it helps reduce inflammation and facilitates healing”. 
Regardless of the benefits of therapeutic ultrasound, it’s important to note that there can be potential dangers of using therapeutic ultrasound. Pregnancy is one main contraindication for the application of ultrasound as it was found that children that were often exposed to therapeutic ultrasound during pregnancy took a longer time to start speaking (Moyano, Paraiso and González-Lezcano, 2022). Other contraindications for therapeutic ultrasound include haemophilia, cancer and bleeding tissue and therapist should avoid unwanted bioeffects due to many repeated treatments like vascular injuries and burns (Rojas-Valverde, Rojas-Valverde, Fallas-Campos et al. 2021). It’s therefore clear that ultrasound devices should be checked and that the individual applying the treatment is qualified to do so to avoid the risk of possible complications and ensure efficient treatment.
One systematic review looked into the efficacy of therapeutic ultrasound for rotator cuff tendinopathy. The conclusion of this article showed that there was no significant evidence to show that therapeutic ultrasound was beneficial and that other interventions could have greater benefits for individuals (Desmeules, Boudreault, Roy et al. 2015). Another study by Wu, Zhu, Lv et al. (2019) showed that therapeutic ultrasound significantly relived pain, increased active range of motion and reduced physical function score in individuals with knee osteoarthritis. Haffey, Bansal, Kaye et al. (2020) states that “LIU/LIPUS is a promising and noninvasive means of facilitating nerve regeneration in the animal model and in the treatment of carpal tunnel syndrome.” (Low-intensity ultrasound (LIU), low-intensity pulsed ultrasound (LIPUS)), showing the benefits ultrasound can have on neural tissue. Finally, a study researching the effectiveness of ultrasound on adhesive capsulitis concluded that all the studies used in the systematic review showed significant improvement in symptoms of adhesive capsulitis patients after receiving therapeutic ultrasound combined with exercise, mobilization and other physical modalities compared to placebo (Sung, Lee and Kim, 2022).
[bookmark: _Int_Yq00uOvu]It is possible for therapeutic ultrasound to have a placebo effect on individuals, therefore suggesting that the supposed mechanism of action isn't effective and that the placebo effect is responsible for the improvements. This is supported by Chipchase and Trinkle (2003) as they state “ultrasound was thought to be most effective in producing a placebo effect. These findings suggest that ultrasound is perceived as an effective treatment tool when applied appropriately. Its placebo quality may contribute to its effectiveness”. As mentioned previously, there are many benefits for the individuals because of the thermal effects of ultrasound due to the temperature rise in the tissue.  Albuquerque, Martins, Aguiar et al. (2020) investigated if there was a rise in surface temperature when therapeutic ultrasound was administered due to the thermal effects. The study that was conducted on dogs showed that there was an increase in surface temperature on average of 3.76 ± 1.4 °C and found that cooling happened quickly after the treatment. The settings for this research were “3.3 MHz continuous therapeutic ultrasound, with 1.5 W/cm² intensity” (Albuquerque, Martins, Aguiar et al. 2020). Non-thermal effects of ultrasound on the other hand increases cell permeability through microbubbles due to cavitation and acoustic streaming which therefore leads to tissue healing. This mechanism was tested by Padilla, Puts, Vico et al. (2015) and it was found after the experiment that “no cavitation events could be recorded for intensities below 500 mW/cm2”. The article by Padilla, Puts, Vico et al. (2015) also illustrates how therapeutic ultrasound gives rise to acoustic streaming, the illustration also shows how “acoustic streaming velocity is gradually increasing from the transducer surface to the focus region.” (Padilla, Puts, Vico et al. 2015). Additionally, the article shows how ultrasound works at each stage of fracture healing, it shows how ultrasound effects inflammation, hematoma formation, its effects on angiogenesis and proliferation. It also shows ultrasound “enhanced chondrogenesis and osteoblast maturation” and how it accelerates bone formation and remodelling (Padilla, Puts, Vico et al. 2015). 
To conclude, the ‘traffic light colour’ I would put on therapeutic ultrasound as a modality is orange. This is because there is evidence to support that therapeutic ultrasound is beneficial and does have beneficial effects like healing tissues, however there are other studies that have found that there is no significant evidence to state that therapeutic ultrasound is beneficial for individuals and that other methods or modalities could be a better option for patients. Additionally, the placebo effect may also be linked to ultrasound and could affect the outcome of the treatment and there are contraindications which does increase the risk of complications with the modality, but studies have also researched into the mechanism and have proved that it does occur within the tissues.  Miller, Smith, Bailey (2012) states “Overall, ultrasound for physical therapy has therefore provided a modest level of efficacy and patient benefit but also a low level of risk”. This statement shows that therapeutic ultrasound is shown to be a beneficial modality and even though there are possible risks of the modality these risks are low.
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