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Abstract

The use of therapeutic ultrasound (TUS) in sports science, medicine and rehabilitation 
has increased significantly in the last decade. This growth has been accompanied by a 
great scientific interest for the study of responses during injury treatment and the finding 
of optimal dosage. Therefore, the purpose of this narrative review was to explore the 
knowledge reported to date on the use of TUS and the methodological considerations 
when applying it in sport injury assessment. An electronic search (PubMed [MEDLINE], 
Science Direct [EMBASE], Web of Science [WoS], and Google Scholar) was conducted 
following systematic review guidelines (PRISMA) and including only systematic reviews 
about TUS application in sports. The result of this review is the presentation of some 
methodological considerations when using TUS in sport practice, giving a general 
guidance for it safety use, efficiency and effectiveness considering the need to rapidly 
recover from injuries in sports.
Keywords: Injury intervention, return to play, evidence-based physical therapy

Resumen

El uso de la ecografía terapéutica (TUS) en la ciencia del deporte, la medicina y la 
rehabilitación ha aumentado significativamente en la última década. Este crecimiento ha 
estado acompañado de un gran interés científico por el estudio de las respuestas durante 
el tratamiento de lesiones y el hallazgo de la dosis óptima. Por lo tanto, el propósito 
de esta revisión narrativa fue explorar el conocimiento informado hasta la fecha sobre 
el uso de TUS y las consideraciones metodológicas al aplicarlo en la evaluación de 
lesiones deportivas. Se realizó una búsqueda electrónica (PubMed [MEDLINE], Science 
Direct [EMBASE], Web of Science [WoS] y Google Scholar) siguiendo las pautas de 
revisión sistemática (PRISMA), e incluyó solo revisiones sistemáticas sobre la aplicación 
de TUS en los deportes. El resultado de esta revisión es la presentación de algunas 
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treatment of sport injuries.
 Therapeutic ultrasound (TUS) has been use 
for more than 80 years as a technological tool for the 
recovery of musculoskeletal injuries. The ultrasound 
is a form of mechanical energy and uses mechanical 
vibration at high frequencies; this is also known as 
sound energy9,10. The human sound range is from 
16Hz to almost 20000Hz. Beyond this frequency 
the mechanical vibration is known as ultrasound, 
therefore TUS frequencies typically ranged between 
1 tot 3 MHz (1MHz = 1 million pulses per second) 
and wavelength usually ranged from 1.5mm (1MHz) 
to 0.5mm (3MHz), the velocity (m/s-1 at which the 
wave travels through the medium) is approximately 
1500m/s-1. Despite its mechanism is not electrical at 
all it is commonly grouped into the Electro Physical 
Agents. High frequency TUS is considered at 0.5-
10 MHz  with intensities up to 1500W/cm2 while low 
frequency TUS using low power is described as at 
20-120 kHz and 0.05-1.0 W/cm2  11.
 There are two types of TUS, thermal and 
mechanical; the principal difference between 
both of them lay on the rate at which the sound 
waves penetrate the tissues, but both effects are 
not separable 12 it was pointed out that physical 
therapists tended to overlook the tenuous nature 
of the scientific basis for the use of therapeutic 
ultrasound. The purpose of this review is to examine 
the literature regarding the biophysical effects of 
therapeutic ultrasound to determine whether these 
effects may be considered sufficient to provide 
a reason (biological rationale. Sounds waves 
are longitudinal waves composed of areas of 
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Introduction
 Currently elite sports players are prone 
to congested fixtures with a series of matches or 
tournaments in a few days1,2. The dynamics of elite 
sport currently requires the performance of frequent 
high intensity efforts, recent studies have called 
this type of effort congested fixture periods and 
can mean a series of matches or training sessions 
carried out in a short space of time. These efforts are 
characterized by having loads of very high intensity 
and volume. Competing up to three times a week 
during some periods of the season is very common 
in professional sports, and sometimes there are 
only three to four recovery days between these 
constant matches, which are insufficient to restore 
the normal homeostasis3,4. Therefore, repetitive 
competition combined with a short recovery time can 
cause acute and chronic fatigue, leading to impaired 
performance and possible injuries. Therefore, it is 
essential to intervene effectively and efficiently in 
the recovery of any type of functional and structural 
alteration.
 In the last decade, the sport has experienced 
accelerated growth and evolution in technological 
developments, and this is impacting the daily work 
in the area of sports sciences from researchers to 
practitioners. This development has allowed the 
creation of new and specific tools to be used in sport 
science and medicine, understood as safer, less 
invasive, and with high validity and reliability5,6. This 
is fundamental for the monitoring and control of the 
therapeutic treatment of injuries7,8. In this sense the 
ultrasound technology has certain advantages in the 

consideraciones metodológicas al utilizar la TUS en la práctica deportiva, dando una orientación general para 
su uso de seguridad, eficiencia y efectividad considerando la necesidad de recuperarse rápidamente de las 
lesiones en el deporte. 
Palabras clave: Intervención en lesiones, regreso al juego, fisioterapia basada en evidencia.



9Rev. Ter.  Julio - Diciembre de 2021; Vol 15 Nº 2.

compression and rarefaction. As the sound waves 
pass through a tissue cause oscillation generating 
molecular vibration and friction in the area leading 
to heat generation (thermal ultrasound therapy); so 
it can be used to provoke thermal changes, though 
actual usage in therapy does not focus on this effect 
but in the vibration of the body area leading to non-
thermal effects (mechanical ultrasound therapy)9,12,13. 
The relative absorption of the tissues is critical in 
terms of clinical decision making; the best absorbing 
material are those with high collagen content (e.g. 
tendon, fascia, ligament, joint capsule). This means 
that the application of TUS in a highly absorbing 
material results in a more effective treatment 
results13,14.  
 Considering that there are several factors 
that could influence the effectiveness and efficiency 
of TUS as known: wave frequency, wavelength, 
absorption, reflection and attenuation rate of the 
tissues, pulsation, impedance of the tissue among 
others; the therapeutic decisions must be analyzed 
considering the characteristics of the injury as 
mechanism, clinic, temporality, severity, and others 
in order to take the best decisions. Therefore, it is 
needed to explore the optimal settings in the use of 
TUS. Therefore, the aim of this review was to explore 
and systematize the recent knowledge around the 
use of TUS in the approach of sport injuries.

Methods

 A systematic review was performed following 
the Preferred Reporting Guidelines for Systematic 
Reviews and Meta-analyzes (PRISMA)15,16. Two 
authors independently review manuscripts based 
on risk-of-bias. This assessment was made using a 
4-point scale ranging from low to high risk-of-bias 
qualification and discrepancies between authors 

were resolved using consensus. The internal quality 
of each study was assessed using the Office of 
Health Assessment and Translation (OHAT) Risk of 
Bias Rating Tool 17.

Data Sources

 A literature electronic search was performed 
at four different databases: PubMed (MEDLINE), 
Science Direct (EMBASE), Web of Science (WoS) 
and Google Scholar. The Boolean phrases used as 
search descriptors were: ¨therapeutic ultrasound 
AND review AND sports¨. All references were 
extracted and imported into an open-source research 
tool (5.0.64, Zotero, USA) to systematize studies.

Data Selection 

 The following inclusion criteria was 
considered: studies containing keywords in title or 
abstract, experimental designs in humans, studies 
published from 2000 to 2020, studies exploring the 
effects on injury treatment when using TUS. Studies 
initially written in Spanish or English language and 
systematic review and meta-analyses were included. 
Studies related to sport-related injuries treatment 
were included.

Data collection and extraction

 Specific exclusion criteria were used to 
discard studies with low quality or irrelevant to the 
primary purpose of this narrative review as duplicates, 
language limitations, studies in animals, full text not 
available, no systematic reviews or meta analyses, 
different evaluation methods or technologies, book 
chapters, abstracts, and articles with severe lack of 
information. Some critical reviews and fundamental 
literature were used to back up the evidence found 
and in order to clarify the findings (see figure 1).

Ultrasound dosage in sports / Rojas-Valverde y cols. 
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Results

Basic therapeutic principles and considerations

 When TUS is employed at an appropriate 
treatment dose considering optimal treatment 
parameter such as intensity, pulsing and time, the 
benefits lay into the promotion effect on the whole 
healing cascade. That’s why some methodological 
consideration must be taken into account when 
dosing TUS in sport-related injuries. 

 Frequency:  the tissue depth must lead the 
decision on the frequency, pulse ratio and intensity 
used during the treatment. For example, 3MHz 
could be absorbed more rapidly in the tissues and it 
must be considered more appropriate for superficial 

injuries, while 1MHz energy is absorbed less rapidly 
and can be more effective in deeper tissues. There 
is a consensus on the use of 2cm as the boundary 
between deep and superficial lesions when choosing 
therapeutic ultrasound as treatment method (see 
figure 2). When heating rate is analyzed, 1MHz could 
generate 0.2ºC per W/cm2, per min; besides 3MHz 
is a fast heater with 0.6ºC per W/cm2, per min. This 
must be considered due to the suggested theory that 
an increase of 1°C over baseline muscle temperature 
of 36°C to 37°C accelerates the metabolic rate in 
tissue. An increase of 2°C to 3°C reduces muscle 
spasm, pain, and chronic inflammation and increases 
blood flow 18. The use of 1MHz usually lead to an 
increase in tissue temperature up to 40ºC and 3MHz 
to 42ºC 19,20.

Ultrasound dosage in sports / Rojas-Valverde y cols. 

Figure 1. Identification and selection flowchart.
Source: Author’s own preparation.
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 This acoustic streaming use affects cells 
diffusion rates and membrane permeability, there 
are also changes in sodium ion permeability, so the 
cell membrane potential is also altered. Calcium 
ion transport is modified affecting enzyme control 
mechanisms especially those concerning cellular 
secretion and protein synthesis. The combination 
of stable cavitation and acoustic streaming is the 
cause of cell membrane excitation that result in 
the increase of whole cell activity levels, the real 
responsible effect of TUS22,23.
 So this review made substantial contribution 
to understand how the combination of cavitation 
and acoustic streaming could lead to tissue repair 
considering a complex series of cascaded events; 
provoking significant stimulating effects on critical 
process to repair tissues and generate scar tissue 
as inflammation, proliferation and remodeling 24–26 

damaged cells are not replaced by new cells and 
hence effective local tissue repair mechanisms are 
required. In skeletal muscle, which is a syncytium, 
additional nuclei are obtained from muscle satellite 
(stem. First, during the inflammatory phase TUS 
have a pro-inflammatory influence (inflammatory 
optimizer) rather than anti-inflammatory stimulating 
platelets, phagocytic white cells, macrophages 
and mast cells. The application of this therapeutic 
method induces degranulation of mast cells causing 
the release of inflammatory mediators (e.g., 
prostaglandins and leukotreine) 27-29.  
 During the proliferative phase, also known 
as scar tissue production process, TUS has a 
cell stimulative effect, promoting the activation 
of fibroblast, endothelial cells and myofibroblast 
function29, 30. This therapeutic method acts as a 
pro-proliferative agent in this phase, maximizing 
the efficiency of the process. In this sense, it has 
been demonstrated that TUS also increases protein 
synthesis and enhances fibroplasia and collagen 
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 Thermal vs non thermal effects:  the non-
thermal effects of TUS are mainly attributed to a 
combination of physical and mechanical effects 
as cavitation and acoustic streaming12,13. Some 
evidence points out the effect of micro massage 
but it needs future confirmation. Cavitation must be 
understood as formation of gas filled voids within the 
tissues and fluids; there are two kind of cavitation the 
stable and the unstable that may produce different 
effects. The stable cavitation is used for therapeutic 
purposes considering the unstable made gas 
bubbles that may collapse generating a large amount 
of energy that is detrimental to tissue viability. The 
stable cavitation relays on the formation and growth 
of gas bubbles by accumulation of gas, it is needed 
1000 cycles (waves) to reach maximum size, and 
this enhances the acoustic streaming phenomena. 
This acoustic streaming is defined as a small scale 
eddying of fluids near a vibrating structure such 
cell membranes and the membrane of the bubbles 
resulted from  cavitation 21 (see figure 3).

Figure 2. Representation of the 1 and 3MHz depth 
tissue penetration.

Source: Author’s own preparation.
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and frequency of the TSU dose. Heating rates may 
depend on frequency and intensity as follows: an 
intensity of 0.5 W/cm2, 1 W/cm2, 1.5 W/cm2 and 2 W/
cm2 may lead to a 0.04ºC, 0.2ºC, 0.3ºC and 0.4ºC 
when applying  continuous 1MHz and 0.3ºC, 0.6ºC, 
0.9ºC and 1.4ºC respectively when using 3MHz39.

 Absorption and attenuation:  there are energy 
levels not sufficient to produce a therapeutic effect. 
This could be cause due to the absorbed energy by 
the tissues when ultrasound beam penetrates the 
different tissue layers. So, more energy is absorbed 
in the superficial tissues than in the deep ones. It 
must be understood that it is difficult to know the 
thickness of each tissue layers in an individual 
patient, so it is well known that 3MHz could penetrate 
at 2cm and 1MHz at 4cm (50% of energy absorption 
at this level).

Figure 3. Representation of A) progressive heating by dissipation of the acoustic energy, B) formation, 
growth, and collapse of gas bubbles (cavitation) and C) fluid flow and possible formation of convection 

cells (acoustic streaming).
Source: Author’s own preparation.
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synthesis31. It is also known that this method could 
boost the angiogenesis 32. Finally, in the remodeling 
process TUS helps the scar to adopts functional 
characteristics of the tissue that it is repairing 33,34. 
Mainly, there is an effect on the orientation of the 
collagen fibers in the scar developing and changing 
type III collagen to type I collagen. These effects 
should result in an increase of tensile strength and 
scar mobility35-37.
 Finally, some recommendations in the use 
of TSU have been made depending on the tissue 
temperature increase. Non-thermal effects are 
usually applied to acute injury and tissue healing, 
mid thermal effects (1ºC) for sub-acute injury and 
tissue healing, moderate thermal effects (2-3ºC) 
are used for chronic inflammation, pain and trigger 
points treatment, and vigorous heating (+4ºC) is 
performed with the purpose of stretching collagen 
38. This is fundamental when choosing the intensity 
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 Impedance and coupling medium:  it is 
necessary to remember that tissues present an 
impedance to the passage of the ultrasound waves, 
defined by its density and elasticity. Considering the 
difference between the impedance of the generator 
and tissues, it is needed a coupling medium, in this 
case gel-based media seems to be ideal40. Otherwise, 
there would be no energy transfer, the greater the 
difference in impedance the greater the reflection 
of energy. The addition of some active agents as 
anti-inflammatory drugs  and other substances as 
cortisol or lidocaine to the gel is widely used but 
needs more research to confirm the real effects, this 
method is called sonophoresis or phonophoresis 
and usually is performed using 1-3MHz, 1-2 W/
cm2, during 5-10min continuous or pulsed mode 41. 
Some evidence suggests strong aseptic protocols 
to avoid bacterial contamination between patients 
and prevent some tissue damage due to individual 
tolerance to substances.

 Critical application angle:  additionally to 
the differences in impedance, there could be some 
refractions if the wave does not strike the surface 
with an angle of 90º, perpendicular to the skin 
(see figure 3): if not possible positions where the 
treatment head tiled above 15º should be avoided.

 Pulsation:  TUS could be applied in pulsed 
mode with 2ms and 2ms off period (1:1); but this 
off period could be changed in actual equipment 
(e.g., 1:2, 1:3, 1:4) allowing greater rest periods 
(e.g., 4ms, 6ms and 8ms) (see figure 4). This type 
of output is usually well accepted in the approach 
of acute lesions. The use of higher pulsations (1:4, 
20%) is commonly accepted when treating acute 
lesions compare to those most chronic that need 
a continuous beam output. Based on this principle, 

1:4 or 1:3 are used for acute injuries, 1:2 and 1:1 
for sub-acute and 1:1 or continuous for chronic 
injuries. The ratio between pulse and rest is defined 
as pulse output expressed in duty cycle presented 
in percentage (%), calculated using the following 
formula:

Duty Cycle=(Pulse (on)) / (pulse (on)+off) * 100

 Intensity:  the decision when choosing 
intensity lays on the tissue state. The more acute the 
lesion, le less intensity is needed to achieve tissue 
excitement, in the other hand the more chronic the 
tissue state, the less sensitive and hence, higher 
intensity is required to provoke a physiological 
response. Acute 0.1 to 0.3 W/cm2, sub-acute 0.2 
to 0.5 W/cm2 and chronic injuries may require 0.5 
to 1W/cm2. New evidence has suggests the use of 
1.5 up to 2W/cm2 19 repeated-measures design with 
ultrasound device (Omnisound 3000C, Dynatron 
950, Excel Ultra III.  In addition, the injury depth 
could incidence on the decision of which intensity 
may be selected. Considering that there is energy 
absorption when the wave travels through the 
tissues; it is fundamental to estimate the intensity 
considering the tissue depth and the frequency of 
the wave. For these purposes, the figure 5 was made 
to estimate the real settings to achieve the intensity 
require at the lesion.

 Application time:  it is commonly considered 
that the greater the size of the injury, the longer the 
duration of the ultrasound application. The most 
common method to estimate the time is to measure 
how many times the ultrasound treatment head can 
be placed over the target area. The final intention 
is to apply 1 min of energy per treatment head area 
covered.  It must be calculated following this formula:

Time=1min*Φ*Ψ

Ultrasound dosage in sports / Rojas-Valverde y cols. 
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 Where Φ= n of head fitting over the lesion 
area, and Ψ= the sum of the two components of the 
pulse ratio (ratio 1:4= 5).

 Dose calculation:  in order to calculate the 
dosage when applying therapeutic ultrasound, figure 
6 could be used to guide the applicant in the practice.

New dosimetry parameters
 Effective radiating area (ERA):  is the area 

of a therapeutic ultrasound head that produces 
useful ultrasonic energy. It is measured in square 
centimeters and calculated by the identification of all 
points where the energy is at least 5% of the maximum 
measured intensity at the transducer´s surface42. 
ERA is always smaller than the transducer surface 
and it may vary depending on the manufacturer and 
treatment area should not exceed 2-3 times ERA 
(see figure 7.a).

Ultrasound dosage in sports / Rojas-Valverde y cols. 

Figure 4. Representation of the pulsation ratio with pulse and off periods.
Source: Author’s own preparation.

Figure 5. Dosage of therapeutic ultrasound considering depth of injury, intensity required and frequency 
based on Watson et al. 9,13

Source: Author’s own preparation.
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Figure 6. Ultrasound dose calculation based on depth of injury, pulse ratio, intensity required and area 
to be treated based on Watson et al. 9,13

Source: Author’s own preparation.

Figure 7. New approach to therapeutic ultrasound dosimetry parameters. A) effective radiating area, B) 
beam profile, C) spatial average- temporal average/peak intensity.

Source: Author’s own preparation.

 Beam non-uniformity ratio (BNR):  refers to 
the ratio between spatial-peak and spatial average 
intensities within the ultrasound beam43. A perfect 
beam must have a relation of 1:1. It describes 
the amount of variation in the beam, minimally 
acceptable is 8:1. The actual peak output is equal to 
the SAI* BNR.

 Spatial average intensity (SAI): It is the most 
used dose-determining parameter among clinicians. 
This measure is assessed in W/cm2 and it is obtained 
by dividing the experimental power (total power) by 
the experimental ERA 42 (see figure 7.b). If 20 W 
being applied with a 10cm2 ERA resulting in 1.5W/
cm2.
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 Spatial peak intensity (SPI):  the energy 
is uniform as it gets closer to the middle of the 
transducer head, this is called near zone or Fresnel 
Zone. The beam becomes less consistent farther 
away from the head, that’s where spatial peak 
intensity is found. The point of maximum acoustical 
intensity is located between the near and the far 
zone also known as spatial average intensity (see 
figure 7.b).

 Spatial Average-Temporal Average Intensity 
(SATAI):  this variable is meaningful only during 
pulsed output. It could be understood as the SAI 
during time. This variable is estimated by the 
following formula 44 :

SATAI (W/cm²) = SAI * duty cycle%

 Spatial Average-Temporal Peak Intensity 
(SAPTI):  the average energy delivered during 
pulsing (on) time of the duty cycle. It could be 
understood as the SPI during time.

 Energy density per treatment:  this variable 
respond to the following equation 44:
Energy density (J/cm²) = SATAI(W/cm²) * time per 

treatment (s)

 Total energy per treatment:  this variable 
respond to the following equation44:
Total energy (J)=SATAI (W/cm²)*ERA (cm²) * time 

per treatment (s)

 Total exposure:  is the sum of total hours 
that patient was exposed to an specific treatment, 
resulting from the following equation44: 
Total exposure (hrs)=n of treatments*timer per 

treatment (s)

 Total energy delivered:  is the sum of total 
energy applied among the treatments, resulting from 
the following equation44: 
Total energy (J)=total energy per treatment (J)*n 

treatment

 Application speed and movement:  some 
studies have suggest that the movement of the 
transducer in the application area should be slow 
(±4cm2/s) and in circles45.

 Low intensity pulsed ultrasound (LIPUS):  
over the last decade, TUS has amplifies its 
usefulness to the intervention on bone fractures, 
healing the fracture and increasing the rate fracture 
heals. The proposed mode is low intensity pulsed 
ultrasound (LIPUS) and the benefits seem to 
be significant using low-intensity (<0.1 W/cm2). 
LIPUS seems to have some effect on calcium 
turnover46, prostaglandin signaling pathways47, gene 
regulation and chondrocyte differentiation48. LIPUS 
in vitro effects are increase in collagen synthesis, 
intracellular calcium and proteoglycan synthesis, 
calcium incorporation, collagen and non-collagen 
proteins synthesis, IGF-I, osteoblast proliferation, 
TNFa, NO production and length of calcified 
diaphysis43.
 Ultrasound on bone fracture was usually 
introduced at an intensity ranging from 0.5 to 2 
W/cm2 but with certain complications and bone 
damage, that is why LIPUS uses SATA below 0.1W/
cm2, with the most predominant SATA of 0.03 W/cm2. 
It is usually applied at 1-1.5MHz of frequency using 
a pulsing regimen of 1:4 (duty factor: 20%). This 
new LIPUS modality only increases the temperature 
<1.0°C, reducing tissue damaging43. It is essential to 
point out that LIPUS must be applied using stationary 
treatment head over the fracture side, this is possible 
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due to the low SATA (0.03 W/cm2) and the low BNR 
of the ultrasound treatment heads used (BNR <4-
6), additionally the spatial-peak intensity is <0.12 W/
cm2 and ERA of 3.8 to 5cm2. During fracture repair 
LIPUS is usually applied daily for 20min43. Despite 
this very promising results much research remains 
to be done in vivo to determinate whether LIPUS as 
a mode to treat fractures49.

Conclusion

 Ultrasound is suggested as one of 
the treatment options available for soft tissue 
musculoskeletal injuries related to sport practice. 
Considering some limitation in the TUS equipment’s 
used as that individual transducer from different 
manufacturers may differ up to 60% in their ability to 
heat tissue19,50 and there are some misreported ERA 
and SAI among almost all ultrasound equipment 
with an intra manufacturer and inter manufacturer 
variability of 35% and 61% respectively in the 
measurement of SAI42; it is essential for therapists 
to address all methodological and protocolary 
guidelines in order to obtain better results.
 Other clinical local contraindications must be 
carefully analyzed when choosing TUS as therapy 
modality as pregnancy, cancer, bleeding tissue, 
hemophilia and other absolute contraindications. 
Despite there are no cumulative doses defined for 
any TUS, therapist need to avoid unwanted bioeffects 
such as burns and vascular injury due to repeated 
treatments. Therapeutic ultrasound devices are 
typically complex and subject to deterioration or 
failure they should be checked for safety operation 
and verification of appropriate ultrasonic fields to 
ensure efficient treatment.
 The use of low-frequency therapeutic 
ultrasound (0.5-1W/cm2) has been raising in recent 

years. It seems to improve the rate of tissue repair 
following tendon, skeletal muscle, ligament, and 
tendon-bone junction injuries51 and promises very 
good insights for its applications in vivo.
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