
Woundshield Background 
Selection of ultrasound application parameters is based on the desired effect and the location 
and density of the tissue to be treated. These decisions are best made by the physician and the 
therapist experienced in performing therapeutic ultrasound. 

Common indications for high frequency ultrasound therapy include treatment of tendon 
injuries and short-term pain relief. (1 -3 ) Ultrasound has also been shown to promote healing 
of some acute bone fractures, venous and pressure ulcers, and surgical incisions (1 ,4 -6 ). 
However, conventional therapeutic ultrasound can cause burns or endothelial damage if 
applied incorrectly (1 ,7 ,8 )  

   

Recently, low frequency ultrasound was tested and introduced to the market. The motivation 
of looking for alternative ultrasound parameters was due to the fact that application of high-
frequency US in clinical medicine is limited due to tissue heating. Thus, using low-frequency 
US with less tissue heating, thereby acting as a "slow release" mechanism, may become the 
standard care in treating slow-to-heal lesions, skin ulcers and nonunion fractures. In addition 
it may be able to facilitate protein secretion and enzymatic reactions.  

  

Prescription for a modality 
The elements in the prescription for a modality should include indication or diagnosis, choice 
of modality, location, intensity, and duration and frequency specifications. Before selecting a 
modality, one must understand the physiologic effects each exerts on tissues. The target 
tissue, the depth and intensity of heat or cooling desired and patient characteristics are all 
factors to consider when deciding what modality to use. The patient’s body habitus (amount 
of adipose tissue), co-morbid conditions (e.g., cancer, neuropathy, peripheral vascular 
disease), implants (e.g., pacemaker, metallic implants), age, and sex 

(during pregnancy) should all be considered in the equation 

  

Low frequency Ultrasound  
High power, high frequency ultrasound is defined as ultrasound of 0.5-10 MHz and up to 
1500W/cm2 while low power, low frequency ultrasound is defined as an ultrasound of 20120 
kHz and 0.05-1.0 W/cm2). Low frequency/low intensity US is mainly reflected in the skin or 
wound surface. Only a small portion of the energy transmitted by the probe reaches deeper 
tissue layers and the major effect is mechanical effect, which is the opposite for high frequency 
US that combine mostly thermal with mechanical effects. 



  

There is growing evidence-based information that shows the various clinical effects resulting 
from low frequency US therapy. A range of biological effects can be induced by ultrasound, 
depending on the exposure levels used. At low levels, beneficial, reversible cellular effects may 
be produced, whereas at high intensities instantaneous cell death is sought. The ‘‘low power’’ 
group includes physiotherapy, fracture repair, sonophoresis, sonoporation and gene therapy. 
Therapeutic effect through the intensity spectrum is obtained by both thermal and non-
thermal interaction mechanisms. At low intensities, acoustic streaming is likely to be 
significant, but at higher levels, heating and acoustic cavitation will predominate. While useful 
therapeutic effects are now being demonstrated clinically, the mechanisms by which they 
occur are often not well understood. 

  

In the physiotherapy setting ultrasound is used mainly in the treatment of soft tissue injuries, 
for the acceleration of wound healing, the resolution of edema and softening of scar tissue. It 
is also used, amongst other things, for bone injuries and circulatory disorders. Ultrasound was 
originally thought of as an alternative diathermy treatment, competing with hot packs, 
microwave, and radiofrequency methods to produce gentle heating. As the basic 
understanding of all the therapeutic mechanisms of ultrasound improves, treatment regimes 
are being altered in an attempt to make use of any beneficial non-thermal mechanisms that 
may exist (by use of lower intensities and of pulsed beams). There is a dearth of scientifically 
designed controlled clinical trials, and so the ultrasonic treatment regime used is usually 
empirically determined, and often to each department’s particular ‘‘recipe’’. Until more 
rigorous scientific studies are available, the mechanism by which therapeutic benefit, if any, is 
obtained will be the subject of speculation and it will not be possible to optimize treatments 
using an understanding of interaction mechanisms. A survey of randomized clinical trials of 
physiotherapy ultrasound was unable to find a relationship between ‘‘dose’’ and therapeutic 
outcome, although the majority of effective treatments were pulsed, with spatial average 
temporal average intensities lying between 0.16 and 0.5W/cm2 (9 ) 

  

There is some evidence in the literature that while high intensities of ultrasound can damage 
bone or delay healing (1 0,1 1) low intensities can enhance repair rates and reduce healing 
times (1 2,1 3). It has been shown experimentally in rat fibulae that when ultrasound 
exposures are carried out during the inflammatory and early proliferative phases of bone 
repair following fracture, healing can be accelerated, with direct ossification being observed. If 
treatment is delayed until the late proliferative phase, it is cartilage growth that is stimulated. 
1.5MHz ultrasound has been found to be more effective than 3MHz (ISATP ¼ 0.5 W/cm2, pulsed 2 
ms: 8ms for 5 min) (1 2). This suggests a non-thermal mechanism of action.  

  



Low intensity ultrasound has also been used for clinical treatment of fracture non-unions (1 
4,1 5). An additional paper has demonstrated the results of treating 67 patients with 
nonunions using a commercial device (Exogen GmbH) (1 6). This high frequency device 
operates at 1.5MHz (0.03 W/cm2ISATA, 0.065 W/cm2 ISPTA, 200ms, with a p.r.f. 1kHz). Daily exposures 
lasting 20min are administered by the patient themselves. Again, no placebo group was 
presented. Non-union for these patients was defined as a failure to heal for 8 months following 
fracture. When analyzed on an ‘‘intention to treat’’ basis, repair was found in 82% of patients 
with a mean healing time of 168 days. Healing rates following surgery have been reported as 
68–90% with a mean healing time of 200 days 

(1 7-1 9).  

  

There are clinical evidences of the beneficial effects of very low ultrasound intensities on bone 
repair. However, the mechanisms by which this is produced are unclear, and warrant further 
study. At these low exposure levels, thermal effects are unlikely to be involved. 

  

Ultrasound may be used to increase the penetration of pharmacologically active drugs 
through the skin. This technique is known as sono- or phonophoresis (2 0,2 1). Mechanisms by 
which sonophoresis is achieved are unclear. It is thought that the stratum corneum is 
rendered temporally permeable by acoustic cavitation or streaming, thus allowing the 
enhanced perfusion (2 0,2 2,2 3). Low frequencies (less than 100 kHz) appear generally to be 
more effective than high, 

  

Sonoporation is the term used for the phenomenon by which ultrasound may transiently alter 
the structure of the cellular membrane, and thus allow enhanced uptake of low and high 
molecular weight molecules into the cell. There have been a large number of studies in which 
a synergistic effect between ultrasound and different drugs has been sought (2 0,2 4). Many of 
the studies reported have been carried out in vitro. It should be noted that while effects may 
be identified in these studies, the mechanisms of action in the aqueous in vitro environment, 
where acoustic cavitation and streaming may predominate and significant amounts of heating 
are not to be expected, may not be relevant when exposures are carried out in vivo. Results 
should therefore be interpreted with caution.  

  

The mechanisms for the enhancement of the thrombolytic effect are poorly understood, but a 
number have been suggested. It has been proposed that streaming may facilitate the 
permeation of the drug into the clot, or that the mechanical action of the ultrasound affects 
the fibrin mesh, allowing better access for the drug 



  

Low frequencies provide the advantage of increased penetration through the skull that may 
be advantageous in stroke applications. Frequencies in the range 26 kHz–5MHz have been 
studied (2 5). However, at high intensities, there is the suggestion that these low frequencies 
can lead to enhanced platelet and fibrin deposition. Investigation of various intensities in the 
range 1.1–3.2 W/cm2 Showed that whereas at 0.5–1 W/cm2 clot lysis was produced, at 4 W/cm2 
there was less clot lysis than in the presence of fibrinolytic agents alone (2 6). 

  

Leg ulcers are a big problem for both patients and health service resources.1–3 Most ulcers are 
associated with venous disease, but other causes or contributing factors include immobility, 
obesity, trauma, arterial disease, vasculitis, diabetes, and neoplasia. Care for patients with leg 
ulcers has improved in the past two decades as research based approaches have been 
adopted. 

  

It appears that exposure to ultrasound during the initial ‘inflammatory’ phase of tissue repair 
can lead to an acceleration of this phase, although ultrasound is not in itself an 
antiinflammatory agent. The second phase of healing is the ‘proliferative’ stage. This is the 
stage at which cells migrate to the site of injury and start to divide, granulation tissue is 
formed, and fibroblasts begin to produce collagen. Ultrasound has been shown to enhance 
collagen synthesis by fibroblasts and repairing of epithelium (2 7-2 9). 

The final phase of tissue repair is one of ‘remodelling’. There is also evidence that scar tissue 
treated with ultrasound may be stronger and more elastic that ‘normal’ scar tissue. During the 
recent years there is an accumulative data from clinical trials, case reports and observational 
results demonstrated that ultrasound can accelerate the healing of various ulcers through 
different mediators (3 0-3 4). Moreover, using low frequency ultrasound in burs care was also 
tested in few cases (3 5,3 6). In addition, since ultrasound known as a generator for nitric oxide 
release, it serves as an auxiliary tool for vasodilatation and pain relief in the treated wound (3 
7-3 8) 
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