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Introduction
Research into acoustic science has advanced in both industry and medicine; Subsequent work in 1927 initiated experimental research into the biophysical effects of the therapeutic nature of therapeutic ultrasound (TUS) (Fyfe and Bullock, 1985). The first patients were treated with ultrasound by physicians in Europe before 1930 with the tendency to treat patients on an empirical basis rather than a clearly defined scientific reasoning has been a criticism of the 'therapeutic' use of this medium throughout its history (Zhang, Xie et al., 2016). Advances in medical knowledge and practise have resulted in shifts in TUS emphasis, and evidence of direct relevance in elucidating the mechanism of therapeutic effect of ultrasound has begun to emerge.
Ultrasound has been used as a non-invasive and safe rehabilitative modality for musculoskeletal conditions aiming to stimulate collagen formation, induce cartilage repair, and to modulate inflammatory responses (Zhang, Xie et al., 2016). High-frequency sound waves permeate deep into tissue and provide gentle heat to produce mechanical and thermal physiological effects. Mechanical efforts may aid tissue healing by facilitating ion transport, increasing cellular permeability, and modifying enzyme function (Jung Ha Lee, Herzog et al., 2019). While therapeutic ultrasound is generally safe, it can have significant bioeffects, and patients should be well informed about the advantages and hazards before using it (Aly Saber et al., 2017).
Mechanism of action
Longitudinal waves with compression and rarefaction are produced by an ultrasound beam. Ultrasound waves move through substances, causing particle oscillations that transfer energy through compression and rarefaction of the medium. Similarly, when ultrasound goes through the tissues, it creates vibrations that cause heat changes (Watson, 2008). It is inaccurate to think that only one effect is present at any given moment and that physical therapy treatment may be classified as either thermal (continuous mode) or nonthermal (pulsed mode), but rather a combination of the two (Papadopoulos, 2020). Mechanical energy created by the vibrating of a quartz crystal produces sound waves; the sound frequency used for therapy is typically between 1-3 MHz (Watson, 2008). As sound waves travel through tissues, they will encounter an impedance. The specific impedance of a tissue is determined by its density and elasticity. Because ultrasound absorption and protein concentration have a direct link, as protein concentration rises, so does ultrasound absorption (Watson, 2008). As a result, tissues with a high-water content but low protein content (such as blood and fat) absorb very little US energy, whereas tissues with a lower water content but higher protein content (such as ligaments and tendons) absorb ultrasound far more efficiently (Aly Saber et al., 2017). The effectiveness of the modality will vary depending on the tissues capacity to absorb the energy (Watson, 2016).
Thermal effects of TUS occur at 40-45°C for a minimal application of 5 minutes, resulting in hyperaemia. One of the reported thermal effects of TUS include the increase in tissue temperature, resulting in vasodilation from the direct reflective application of vascular smooth muscle via thermoreceptors (Watson, 2016). A Study by Morishita et al (2014) aimed to clarify the effects of TUS on intramuscular local blood circulation using near-infrared spectroscopy (NIRS) compared to sham treatment, and rest. For 15 minutes after ultrasound, the TUS group had a considerably higher skin surface temperature (SST) than the control (rest) group (P< 0.05), whereas for 20 minutes after the trials, the sham group had a significantly lower SST than the TUS and control groups (P<0.01). Suggesting that TUS enhances intramuscular local blood circulation (Morishita et al., 2014). Based on these findings, it may be concluded that ultrasound causes vasodilation of local tissue from the skin surface to the muscle, influencing blood circulation and oxygen dynamics, in accordance with Watson (2016). Thermal effects leading to vasodilation can be attributed to suppression of the sympathetic nervous system via indirect activation of local spinal reflexes and increases in the local release of inflammatory chemical mediators, with the compound effect resulting in dermovascular vasodilation (Morishita et al., 2014 and Aly Saber et al., 2017). As per the research conducted by Draper et al (2013) mild heating (1°C) is thought to boost tissue metabolic rate, whereas moderate heating (2°C to 3°C) relaxes muscle spasms, reduces discomfort, and increases blood flow. The viscoelastic characteristics of collagen have been hypothesised to be altered by vigorous heating (4°), therefore the desired therapeutic thermal effect should be guided by temperature and time variables (Draper et al., 2013). Watson (2017) suggests the appropriate dose for a safe and effective thermal effect is: continuous mode >0.5 W cm-2. However, accurately defining the mechanisms that cause biological change, as well as distinguishing non-thermal from thermal effects, can be difficult (Rawson et al., 2011).

TUS has been widely used for its thermal effects in the past, but it has lately been suggested that the non-thermal effects of this energy type are more effective, and most therapeutic uses today focus on these effects caused by a pulsed mode of treatment (Watson, 2017).

Cavitation and acoustic streaming are currently thought to be the primary cause of TUS non-thermal effects. Cavitation is the production of gas filled voids, there are two varieties of cavitation: stable and unstable. The production of bubbles at the low-pressure section of the TUS cycle is known as unstable cavitation (Aly Saber et al., 2017).  These then burst, releasing a large quantity of energy which is harmful to a tissues viability, resulting in cell death in the surrounding tissue (Watson, 2017). Whereas tiny amplitude oscillations of the bubble about its equilibrium characterise stable cavitation. The oscillations of the bubble transmit pressure into the surrounding fluid, causing microstreaming flow around the bubble (Johns, 2002). If applied correctly, there is no evidence to suggest that this occurs at therapeutic levels (Watson, 2017).

Acoustic Streaming provides a driving force for the displacement of ions and small molecules and is the eddying of fluids near a vibrating structure, such as the surface of a stable cavitation gas bubble, amplifying diffusion rates and membrane permeability (Watson, 2017).  The permeability of sodium and calcium ions is altered, causing alterations in the cell membrane potential (Aly Saber et al., 2017). The enzyme regulatory mechanisms of different metabolic activities, including protein synthesis and cellular secretions, are altered because of changes in calcium ion transport. The cell membrane becomes up regulated as a result of the combined actions of stable cavitation and acoustic streaming, boosting the activity levels of the entire cell (Johns, 2002).

Pain
Ultrasound has been reported to reduce inflammatory pain by regulating inflammatory factors such as bradykinins, histamines, and prostaglandins to stimulate chondrocyte proliferation and matrix synthesis (Jia et al, 2016). The use of therapeutic ultrasound for pain relief has been widely associated with physical function of patients with knee osteoarthritis. The relation between TUS and pain relief is well-established; a systematic review and meta-analysis by Zhang et al (2016) concluded that both continuous and pulsed ultrasound could relieve pain in patients with knee osteoarthritis and improve function in comparison to sham treatments. TUS showed a positive effect on pain (P <0.01) and proved advantageous on improving the Western Ontario Physical Function Score (P<0.04).  The review stated that there were no adverse events reported in any of the trials, indicating that it is a safe treatment. However, in an era favouring western medicine, the limitation of sham-controlled studies should be noted; studies comparing complementary and alternative medicine's (CAM) efficacy has resulted in a slew of conflicts. The theoretical justification for using sham is ambiguous having no effect on our bias control resulting in relativistic data that, in most cases, has no useful interpretation in terms of treatment efficacy (Horn, 2011). Therefore, this research doesn’t evaluate the efficacy in terms of risks, benefits and safety compared to other interventions. Therapists must determine whether TUS is more efficacious than other forms of physical therapy, alternatively a net meta-analysis may be required. Considering State funding effecting NHS budgeting (Sharp, Lorenc and MacPherson, 2018) the epistemic work to demonstrate CAM legitimacy is being highlighted by researchers (Dodworth and Stewart, 2020). Although, TUS was shown to be no more beneficial than placebo in relieving pain and oedema in a randomised control trial (RCT) of acute ankle sprains, with no data on TUS parameter assessment procedures provided. The importance of conducting thorough RCTs to demonstrate efficacy was emphasised (Van-Bekerom et al., 2011). A further RCT compared TUS and exercise to corticosteroid injections in N=49 patients with lateral epicondylitis, identifying that after 12 weeks, TUS and exercise resulted in statistically significant improvements in VAS pain score and pain-free grip strength compared to the corticosteroid injections group (P<0.01). Overall, TUS appears to have a positive effect on lateral elbow discomfort, although more clinical evidence is needed (Murtezani, 2015). It is also important to note that the healing may differ at different phases of injury and may respond differently to treatment therefore this may account for the inconsistencies in previous studies that used different protocols for treatment. The amount of pressure on the trigger points necessary to elicit pain was evaluated before and after Canadian researchers used ultrasound or a sham to treat trigger points in N=50 individuals during an RCT. At 1, 3, and 5 minutes after treatment, trigger sites treated with ultrasound were more pressure tolerant than those not treated. 15 minutes later, the improvement was no longer substantial, implying that low-dose ultrasound elicits short-term segmental antinociceptive effects on trigger sites, which could be useful in the treatment of musculoskeletal pain (Srbley et al., 2008). The sensory nerve system's response to potentially hazardous stimuli is known as antinociception. Nociceptive information is conveyed to thalamic structures before reaching the somatosensory cortex, where pain is inhibited, after it has been integrated in the spinal cord (Papadopoulus, 2020). TUS is used in the acute and subacute stages of painful disorders, and the above-mentioned finding could explain the mechanism of action and subsequent analgesic impact. However, larger research is needed to confirm this theory. With the advancement of medicine, the efficiency of pain relief can be amplified with the use of TUS and phonophoresis. Wu et al (2019) theorises the use of phonophoresis to improve medicine delivery to the damaged area, decreased the pain and inflammation of damaged soft tissues, phonophoresis is an advanced TUS treatment that uses ultrasound and pharmaceutical gels to treat patients, by delivering pharmaceuticals to tissues beneath the skin. Although, to-date there is a lack of robust research on long-term outcomes so it is difficult to determine whether the TUS effect will last. Future studies should compare the efficacy of TUS with other physical therapy modalities over a longer period and with a larger number of patients.

Healing process

To understand the effect of TUS on the healing process on damaged soft tissue, it is imperative to recognise that the healing process is not a simple event and refers to the body’s replacement of damaged tissue by the replacement of living tissue (Walter and Israel, 1987).  Tissue repair is a complicated series of chemically mediated events that result in the formation of scar tissue, which serves as an effective material for restoring the damaged tissue's continuity (Watson, 2017).  Advancements in research suggests that the healing process is rather compiled of 4 different phases: bleeding, inflammatory, proliferative and regeneration (Watson, 2016).  

Watson, 2017 novel paper on TUS reports that the goal of promoting or stimulating the healing process is not to make the response 'greater,' but to make it more efficient (Watson, 2017). The application of TUS enhances the normal process of healing during the inflammatory phase by the degranulation of mast cells, platelets, and macrophages, releasing arachidonic acid which is a precursor for the synthesis of prostaglandins, bradykinins, and histamines to act as an inflammatory mediator thus acting as an inflammatory optimiser (Aly Saber et al., 2017). TUS maximises efficiency during the proliferative phase by cellular up regulation, primarily targeting fibroblasts, myofibrils, and endothelial cells to secret collagen, increase protein synthesis and increase collagen tensile strength (Watson, 2017). In 1989, Gomez suggests that TUS enhances scar tissue optimal orientation, highlighting the enhancement of profile change from the production of Type III to Type I fibres (Watson, 2017 and Zhang, 2017 and Gomez, 1989). Because the nonthermal effects of ultrasound are thought to be responsible for such alterations during tissue healing, a pulsed type of ultrasound has been developed to reduce deep tissue heating and allow more energy to be transferred for nonthermal effects, recommending that a low dosed pulse TUS has the best effect on protein synthesis efficiency (Ranatnen et al., 1999 and Enwemeka., 1990). 

Experimental research has been conducted to support proposed benefits the on the physiological application of TUS, with an article by Saber (2017) highlighting that due to a decrease in the response and number of inflammatory cells, ultrasound therapy accelerates the repair process and increases the proliferation and regeneration of mast cells, as well as the formation of connective tissue, improving mechanical resistance within the early stages (Aly Saber et al., 2017). Although, as a source of secondary research, the data extraction and qualitative synthesis is not reported. The article did not provide study design characteristics and demographics of participants included in the empirical studies mentioned. 

Primary research has been conducted on low-intensity ultrasound for soft tissue healing (LITUS) to support the use of LITUS to improve the outcomes of the healing process. LITUS optimises skeletal muscle healing by enhancing actin proteins, myofiber regeneration, and fast-twitch muscle regeneration (Chan, 2010). An in-vitro study was conducted, with the gastrocnemius muscle in the left leg of the animal subjects (mice) lacerated. The sham ultrasound group did not receive LITUS treatment, with the LITUS group receiving 20 minutes of treatment every day for 7, 14, 21, and 28 days. Chan (2010) determined that between days 6 and 8 within the proliferative phase, LITUS produced more cells with a higher proliferation rate, both of which are associated with muscle regeneration. When compared to no intervention, myogenin and actin protein expression was higher in LITUS treated muscle on days 4, 6, and 8, boosting the rate of muscle repair and regeneration. Furthermore, the decrease in inflammatory COX-2 shows that LITUS hastened the healing process (Chan, 2010). However, there are few credible research on the physiological benefits of TUS on human subjects. In vitro experiments, have a significant flaw in that they do not replicate the conditions of cells in an organism; for example, isolated and cultivated primary cells usually differ significantly from the corresponding cell type in an organism, limiting the value of in vitro data to predict in vivo behaviour.

Low-intensity pulsed ultrasound (LIPUS) has emerged as a potential treatment option for fracture repair, both for new fractures and those with delayed healing. Previously, a fracture was thought to represent a local contraindication to therapeutic ultrasound, but this is not the case (Watson, 2008). Chang et al., (2002) studied the influence of temperature on bone healing in a systematic review. This research looked at the mechanism of TUS stimulation in improving fracture healing. The study found that following ultrasound, fresh bone formation in the osteotomy location of the stimulated limb was N=23.1–35.8% faster. This study's findings show that LIPUS potentially stimulates new bone formation. Heckman et al (1994) studied LIPUS for simple closed or Gustilo I open tibial shaft fractures immobilised by a cast and found statistically significant improvements in time to clinical healing, time to overall (clinical and radiographic) healing; proportion of fractures healed within 120 days (LIPUS, N=88%; control, N=44%), and proportion of fractures healed within 150 days (LIPUS, N=94%; control, N=62%). Another study speculating LIPUS treatment as a method for fracture healing by John et al (2008) was split into two parts: using rats with left tibia fractures in the first phase, and clinical patients with distal radius fractures in the second phase (extra-articular simple fractures). When the diameters of the callus at the fracture site in the anteroposterior and lateral views were measured, the researchers found that the TUS group had a higher rate of callus formation. Because neurotransmitters function through receptors, this could mean that ultrasound delivery greatly boosted the receptor levels of these neurotransmitters at the fracture site (John et al., 2008). Furthermore, additional research in larger populations are needed to validate the postulated mechanism through which ultrasound stimulates fracture repair. The critical role of LIPUS for fracture healing is still unknown because of the heterogeneity of results in clinical trials


Amber is the traffic light colour I would give to TUS as a treatment modality. Although TUS is a widely used therapeutic modality, to date there lacks robust retrospective research on the long-term effect in comparison to other modalities. Often papers written by one or two experts in a field are subject to potential bias and gaps in literature searching practices that may lead to the omission of relevant research. The research included in these papers rely heavy on foundational research that dates over 10 years. By recognising that evidence-based practice can be described as all interventions should be based on the best current available scientific evidence (MG, 2008) modern research is required to validate or repudiate the dated research. However, the reported effects of TUS outweigh the possible limitations and dangers being that if the heat is left in the same area for too long, it might cause harm. One concern with TUS is that the fast change in pressure can induce a ‘microplosion’ during cavitation which can impair cellular activity. This is unlikely to happen in most cases where the treatment is used correctly (Watson, 2008). To repute the data, it is imperative that all research conducted includes a control for the interpretation in terms of treatment efficacy in comparison to other modalities. 
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THERAPUTIC
ULTRASOUND

Therapeutic ultrasound is a form of therapy that uses ultrasound for
therapeutic purposes, both thermal and non-thermally, with the most

commonly reported effects being improved healing efficiency and pai
reduction (Saber et al., 2017)

NON-THERMAL

The soundwaves produced by ultrasound cause pressure
differences in tissue fluids, which causes bubbles to develop.
These bubbles cavitate and release low aptitude pressure into
the surrounding fluid, allowing acoustic streaming to occur,
causing an up regulation of cellular activity to aid with the
heaealing process (Saber et al,, 2017).

PAIN RELIEF

The sound waves permeate the body, generating heat
and relaxing muscles and connective tissues, relieving
pain and muscular spasms Pain relief is aided by the
activation of nociceptive fibres (Chan et al., 2010).
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