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Advanced soft tissue therapy and electrotherapy (SHSS6065)

Introduction 
Therapeutic Ultrasound (TUS) is a modality of electrotherapy used in a clinical setting to promote healing by using sound waves. TUS produces various biological effects in tissues using the sound waves to attain a therapeutic physiological effect (Wang et al., 2021). The therapeutic effects include thermal and non-thermal changes in the tissue, with the vibration mechanism of the treatment producing a non-thermal effect, which is the outcome we are trying to achieve. The objective for thermal ultrasound (US) is to warm tendons, muscles, and other tissue to improve blood flow, accelerate healing, increase the extensibility of collagen fibres, and reduce the viscosity of fluid elements in the tissue (Saber and Saber, 2017). A non-thermal mechanism includes ultrasonic cavitation, gas body activation, and mechanical stress. TUS comprises a waveform where longitudinal waves with high-frequency electrical currents are characterised in a compression phase where the wave has an initial rise and an increase in the density of molecules (Ronda Peñacoba et al., 2021). Furthermore, there is a wave dropping called rarefaction, a decompression or low pressure of sound waves. When the energy of a sound wave transfers to the soft tissue, it will potentially cause an oscillation of the particles of that tissue (Lyubimov et al., 2016). The primary outcome for US is optimising inflammation during the healing process of injured soft tissue. This study will review the evidence for different settings of US, including low-intensity pulsed ultrasound (LIPUS), low-intensity continuous ultrasound (LICUS), and their effects on pain and tissue healing.
Ultrasound dose setting
Factors to consider before applying treatment are frequency, intensity, pulse ratio and duration of treatment. These parameters determine how the ultrasound waves are transmitted, attenuated, and reflected through the tissue (Uddin et al., 2021). The frequency of TUS is the number of times a particle experiences a complete compression and rarefaction cycle in 1 second, with 1MHz targeting deep structures and 3MHz targeting superficial structures. The pulse ratio parameter is measured at 1:4 for an acute injury, 1:2 for sub-acute and 1:1 or continuous for a chronic injury. Pulsed US consists of on/off cycles of US waves, while continuous TUS consists of continuous acoustic waves with no on/off cycles. The intensity plays a fundamental role in the US; intensities in short intervals <0.1 W/cm2 use doppler effects, and intensities ranging between 0.1 and 1 W/cm2 are used for diagnostic imaging (Carovac et al., 2011). US intensities >10 W/cm2 generate a substantial amount of heat, and this high-intensity focused US (HIFU) is mainly used for cancer and surgical applications (van den Bijgaart et al., 2017). The intensity should begin at a low level and progress once the client is familiar with the treatment. A lower therapeutic intensity will cause cell tickle whilst starting at an intensity too high could cause a superficial burn and cell thump, which is not required. The duration of an acute injury would take between 5-10 minutes, and a chronic injury can be between 10-30 minutes.
Contraindications and dangers of ultrasound 
Some of the contraindications for US include treatment over the uterus during pregnancy, malignancy, melanoma, bleeding tissue or tissue with the potential to bleed. Significant vascular abnormalities such as deep vein thrombosis, emboli, severe atherosclerosis and arteriosclerosis and haemophiliacs not controlled with blood clotting factors. The application of the Ultrasound head should not be used over eyes, stellate ganglion, the cardiac area in advanced heart disease or pacemakers, gonads, or active epiphysis. Caution should be considered during the application of TUS to minimise injury for patients, such as beginning with using the lowest intensity. This will create cell tickle with an intensity too high, potentially causing cell damage (Bachu et al., 2021). The continuous movement of the head is required; otherwise, standing waves will occur. The increased pressure produced in standing wave fields can cause transient cavitation and free radical formation (Fant et al., 2019). If the client feels heat forming at the site, which is not desired, the machine should immediately be switched off as this can cause superficial burns. Before proceeding with treatment, the therapist must perform a hot and cold skin test at the injured site. This decides if the client is suitable for treatment by determining if the individual has sensation at the point of treatment. While ultrasound is a safe treatment modality, it may cause substantial bioeffects, and patients should be informed of possible benefits and risks of US. 
US and healing
During trauma to soft tissue structures of the body, there is an arranged process in which the body develops periods to protect and recover from injury. This process includes the bleeding, inflammatory, proliferation and remodelling phase, and together they form the healing process. At the initial stage of injury, immediately there will be local bleeding known as haematoma at the injured site. The bleeding phase varies in time dependant on the nature of the injury; more vascular tissues such as muscle will bleed for longer. The inflammatory phase is closely encountered with the bleeding phase, where we face a reaction by chemical mediators such as cytokines, histamine, heparin, and growth factors. This phase is an essential component of the tissue repair process and is regarded as a protective stage of the injured location. The inflammatory phase has a sudden onset and few hours at most. It promptly increases in the extent to its maximal reaction of one to three days before gradually settling over the next couple of weeks. During the inflammatory phase, the application of TUS stimulates mast cells, white cells, platelets, macrophages, and phagocytes which clear any debris at the injured site (Uddin et al., 2021). The acoustic streaming of TUS changes platelet membrane permeability which releases serotonin and wound factors (Bachu et al., 2021). Furthermore, TUS induces degranulation of mast cells resulting in the release of arachidonic acid, a precursor for the synthesis of prostaglandin and leukotriene. An increase in calcium ion permeability potentially causes degranulation. 
After that is the proliferation phase, which involves generating the repair material where collagen scar tissue production is encountered. This phase is active from 24 to 48hours; however, it can take around three weeks post-injury to reach its peak reactivity. TUS has a stimulating effect at this stage via cellular up-regulation (de Lucas et al., 2021). The treatment aims to primary target fibroblasts, endothelial cells, and myofibroblasts (Bohari et al., 2015). Furthermore, TUS maximises pro-proliferation which maximises its efficiency and optimises scar tissue formation. Additionally, this increases protein synthesis and enhances fibroplasia and collagen synthesis (Aleksandrowicz et al., 2021), growth factors and heat shock proteins positively affecting them (Pierini et al., 2014). Cells begin to up-regulate, which results in proliferative changes to the target tissue (de Lucas et al., 2021).
TUS enhances the appropriate orientation of newly formed collagen fibres and promotes the production of type I collagen, replacing type III collagen. The remodelling phase is associated with a highly functional car with the same characteristics as the previous scar. It results in increased tensile strength to the tissue and enhances scar tissue mobility. Furthermore, this treatment modality may have the capacity to influence collagen fibre orientation (Bohari et al., 2015). The multiple phases of tissue healing are essential for injury, with TUS being an appropriate treatment method to optimise the healing process.
Reported benefits of using ultrasound
The thermal effect for ultrasound involves vasodilation which is recognised as the activation of smooth vascular muscles via thermoreceptors. The thermal effect reduces the vasoconstriction and elevates the vasodilation element, activating intramuscular circulation (Saber and Saber, 2017). Other benefits of a thermal effect include an upsurge in the local release of inflammatory chemical mediators' histamine, serotonin, peptide, bradykinin, prostaglandins, and leukotrienes (Pierini et al., 2014). The US impedance and attenuation determines the amount of heat created in the tissue and subsequent increase the vasodilation, oxygenation, and nutrient exchange. 
Non-thermal mechanism of effects for ultrasound accumulates upon both cellular and molecular aspects of tissues. The non-thermal effect implicates the ultrasonic action on the liquid, initiating the development of cavitation bubbles. The bubbles collapse and lead to vast absorption of energy (Ronda Peñacoba et al., 2021). Cavitation and microstreaming through the application of ultrasound can imitate the stimulation of protein synthesis by fibroblasts and increase the release of growth factors via mast cells and macrophages (Aleksandrowicz et al., 2021). Cavitation is defined as the formation of gas-filled voids; stable cavitation is the formation of growth bubbles that produce dissolved gas and enhance acoustic streaming. Unstable cavitation involves the formation of gas bubbles at a low-pressure part of the US cycle, where a collapse and release of a large amount of energy occurs, causing apoptosis (de Lucas et al., 2021). Furthermore, if the cavitation peaks the threshold, bubbles may form in a liquid. Inertial cavitation has been associated with the formation of free radicals (Fant et al., 2019), causing harmful effects. Acoustic streaming is small eddying of fluid near the vibrating structures such as the cell membrane. The physical forces of the sound waves provide a driving force capable of displacing ions and small molecules (Aleksandrowicz et al., 2021). This can affect diffusion rates and cell permeability, increasing sodium ion permeability which may change cell membrane and boost tissue repair (Maeshige et al., 2017). The upsurge in calcium ions and collagen synthesis from ultrasound is highly significant for cell membrane permeability changes (Maeshige et al., 2017). Ultrasound in injured muscle accelerates the repair process due to the stimulation of inflammatory cells. It increases the proliferation in muscle cell lines, improving mechanical means in the early stage of healing. 
Evidence for the effects
Low-intensity pulsed ultrasound (LIPUS) has been used for fracture repair and has shown a 40% reduction in healing time for fresh fractures (Higgins et al., 2014). A systematic review by Leighton et al. (2021), provided an overview of current literature for LIPUS for instrumented, infected, and fragility non-unions. The current evidence for non-union healing rates for the sub-groups were 82% in instrumented, 82% in infected, and 91% in fragility non-union patients. This most current review demonstrates a high success rate for healing, and LIPUS should be considered a conservative treatment option. Specifically, in a study by Zura et al. (2015), the heal rate (HR) for chronic non-union patients (n = 767) treated with LIPUS was 86.2%. HR was 82.7% amid 98 patients with chronic non-union ≥5 years, and 12 patients healed after chronic non-union >10 years (HR = 63.2%). However, in a study by Moghaddam et al. (2016), their findings suggest that LIPUS is not a proper treatment for long bone non-unions. They stated that LIPUS does not lead to substantial cytokine levels in patients with non-union fractures. This study took blood samples from 23 patients before starting LIPUS and continued to evaluate measurements through weeks 1 and 2 and months 1,2, and 3. A follow-up examination was also achieved at the same intervals, which is clinically relevant as it gives s stronger indication for the results being accurate.
A systematic review by Uddin et al. (2021), evaluated the effects of low-intensity continuous ultrasound (LICUS) and had a considerable number of beneficial effects. Another study by Huang et al. (2015), LICUS, promoted angiogenesis through regulating phosphoinositide 3 kinase, serine kinase, and the endothelial nitric oxide synthase pathway in human umbilical vein endothelial cells. In the same study, they perceived microtube formation in human umbilical vein endothelial cell cultures after three stimulation sessions of 9 min per day with LICUS at 1 MHz, 0.3 W/cm2 intensity. This study is in vitro may be challenging to generalise from the results and interpret into clinical-based evidence. Furthermore, clients had to perceive with treatment without supervision which may be a reason the trial was a success. 
Low-intensity continuous ultrasound (LICUS) has been further exploited by Petterson et al. (2020) with high-dose ultrasound-based treatment for accelerated tissue healing and the treatment of myofascial pain. LICUS was used in a randomised, multi-site, double-blind, placebo-controlled study in chronic neck and shoulder pain. Thirty-three participants with upper trapezius myofascial pain were randomised for treatment with active (n=25) or placebo (n=8) devices. Investigators and subjects were blinded to treatment groups. This 4-week study collected pain scores at baseline, two weeks into the study and four weeks once the intervention was completed, there was no study follow-up. The treatment group showed a significant decrease in pain from baseline as early as the first week and persisted through the study's conclusion (p<0.001). The placebo group did not show a significant difference; however, a trend toward a decrease in pain was noticed at week three and week four compared to baseline (p=0.070 and p=0.087). This study shows positive outcomes due to a RCT double-blind study comparing the US to placebo with no risk of bias and confounding factors and can be considered a statistically reliable source. 
The evidence towards cellular activation from US facilitation suggests an increase in blood flow during indication of macrophage migration into the injury site to regulate acute inflammation (Sahu et al., 2019). However, this study was conducted on bovine osteochondral explants in a laboratory setting. Therefore, this evidence is not relevant for a clinical-based application of US towards the healing of a human. More concrete evidence would be a clinical trial study and an intervention on a human model. Moreover, this study claimed that LICUS influenced the formation of new collagen fibres, and the treatment expressively increased tendon breaking strength, tensile strength, tensile stress, and energy absorption (Sahu et al., 2019). Mann et al. (2012) indicate that ultrasound promoted cell proliferation and osteoblastic cell migration, supported by Atherton et al. (2017). Live-cell imaging was used, showing LIPUS stimulation, acting through integrin-mediated cell-matrix adhesions, and rapidly induced Rac1 activation associated with dramatic actin cytoskeleton rearrangements (Atherton et al., 2017).  Efficient wound healing requires cells to migrate into the injured site, requiring changes to cell motility; therefore, the result of these studies provide valuable evidence to support the mechanism of effect for US. 
However, de Lucas et al. (2021), states that the LIPUS stimulation protocol did not impact cell proliferative potential. They performed both bromodeoxyuridine incorporation and manual cell counting. The results indicated no differences in the proliferation rate of cells subjected to LIPUS stimulation when compared with control cells. Furthermore, they declare that the treatment does not modify the expression of protein kinase, type 1 collagen, growth factor, laminin B1 and integrin B1. The settings used in their study were not optimal to activate specific signalling routes; they used the lowest possible intensity during the intervention. Intensity is the most relevant parameter to consider, as studies mentioned previously in this paper have used slightly higher intensities that brought on a positive effect for the use of US. 
Conclusion
The purpose of US during the inflammatory, proliferation and remodelling phases emerges to be of significance due to the capacity that it potentially stimulates or enhances the routine tissue healing. As a result, the treatment promotes the efficiency of the healing process. If a tissue is repairing in an inhibited fashion, the use of US at a suitable dose would appear to enhance the process of healing. Injured tissue aims to reach its endpoint of full recovery; therefore, the application of US can potentially achieve this quicker. US devices permit variation of the parameters, which can target different pathologies. The settings can be pulsed or continuous, the intensity can be controlled, and the treatment can be applied to many areas around the body. Indicating that US is a convenient and safe mode of treatment.
Regarding the studies that claimed that the US was ineffective, this could be because treatment can be attributed to spontaneous healing. Although tissue structures are the same and the healing time frame applies differently with muscle, tendons, and ligaments, recovery is different for everyone. Furthermore, US can optimise inflammation, which is required for optimal recovery and the generation of cellular upregulation during healing. I would consider US to be amber as a traffic light colour because there is evidence of it as a supportive mechanism for enhancing healing and reducing pain. Although there is conflicting evidence in the literature, if you inform clients of the benefits and dangers, then US should be used appropriately. Future research should include human subjects in a clinical setting for more significant and precise findings to confidently be able to apply US as a treatment method to promote healing. 
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Ultrasound produces various biological effects in tissues
using sound waves to attain a therapeutic physiological
effect! Thermal effects include an upsurge in the local
release of inflammatory chemical mediators. Non-thermal
effects - implicates the ultrasonic action on the liquid,
initiating the development of cavitation bubbles and lead to
vast absorption of energy.

DOSE PARAMETERS

Superficial - 3MHz &3

Deep - TMHZz

Pulse ratio - Acute - 1:9/4/3

Sub-acute - 1:3/2/1
Chronic - 1:2/1 or continuous

Intensity - Acute - .1-.3W/cm?2
Sub-acute - .2-.5W/cm?2
Chronic - .3-.8 W/cm?2
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Low-intensity pulsed ultrasound
used for fracture repair - 40%
reduction in healing time for
fresh fractures.
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Low-intensity continuous
ultrasound - promotes
angiogenesis.
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Cellular up-regulation
Optimise inflammation =
promotes healing

CONTRAINDICATIONS

Pregnancy - no Rx over uterus
Malignancy
Bleeding tissue or potential to

bleed
Vascular abnormalities - DVT

Haemophiliacs

No treatment over - Eyes,

stellate ganglion,
cardiac area in advanced heart disease

(pacemakers),
gonads, active epiphysis x
DANGERS 0D

Standing waves =
transient cavitation. Keep head

moving.

No heat felt = turn off machine,
can cause superficial burns.










