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A chronic wound is one where the orderly biological progression to healing has been
disrupted and healing delayed.1 Chronic wounds affect more than 6 million Americans,
with an annual cost estimated at $25 billion.2 These wounds frequently manifest in
the setting of diabetes mellitus and are associated with diminished new bloodvessel
formation (neovascularization), leading to an impaired wound-healing response.3
Advanced wound-care therapy continues to evolve, with a growing number and
type of products now available on the market. In recent years, physical and mechanical
modalities for the treatment of chronic wounds have also begun to play an important
role. Ultrasound (US) therapy and therapies implementing electric stimulation have
been used in the wound-care armamentarium for over 100 years.
Therapeutic US has gained in popularity as a modality with significant efficacy in
the treatment of chronic wounds.4 Several mechanisms for the efficacy of therapeutic
US have been proposed. These include reduction of edema,5 inhibition of bacterial
colonization,6 stimulation of neovascularization7 and subsequent tissue formation,5,7
leukocyte adhesion to endothelial cells,8 and macrophage stimulation of fibroblast
proliferation.9
Electric stimulation has been applied in various types of electrical fields, with various
currents and intensities for the treatment of soft-tissue and skin injury for over 100 years.10
Some of the effects of electric stimulation are release of growth factors,11 increasing tissue oxygenation by changing vascular permeability.12 Also, keratinocytes and fibroblasts
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Abstract: The authors evaluated a new technology – combined ultrasound and electric field
stimulation (CUSEFS) – on the immediate effect on stagnant chronic wounds. We took 18 patients
with chronic wounds that had not responded to therapy in the last month and added CUSEFS
to their treatment regimen. Using digital planimetry to evaluate the wounds, we looked at the
results after 1 week and two treatments. All wounds responded to therapy. A total of 13 out of
18 showed a reduction in surface area during the week of treatment. Of the five that did not
show a response by measured area, there was a positive change in wound volume and quality of
tissue in the base. The authors feel that after such a start, CUSEFS deserves further evaluation
as an addition to the wound-care therapist’s armamentarium.
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migrate to a pole in the electric field,13 as do some immune
cells, eg, lymphocytes.14 The authors evaluated a device using
combined US and electric field stimulation (CUSEFS) therapies for their combined effect on wound healing.

Materials and methods
Ethical approval was obtained from the Institutional Review
Board of Shaarei Zedek Medical Center. Written informed
consent was obtained from the patients for inclusion in this
study, publication of this paper, and the accompanying images.
A total of 18 wounds were evaluated for this study. All wounds
were vascular in nature, and had been present for a minimum
of 2 months. Table 1 demonstrates the demographic data
of the wounds included in the study. As a further inclusion
criterion, the wounds had exhibited no change in the 30 days
preceding enrollment in the study. Patients continued with the
same treatment they had been using during the 2 weeks prior
to enrollment in the study, and the only change made to their
treatment plan was the addition of CUSEFS twice weekly.
CUSEFS was applied using the BRH-A2 device (BRH Medical, Jerusalem, Israel) according to the manufacturer’s protocol.
Patients were administered 2 minutes of electric stimulation and
then 11 minutes of CUSEFS and a further 2 minutes of electric
stimulation. Patients were then dressed with any wound-care
products they had been using prior to the study. Patients were
invited back for follow-up treatment after 3 or 4 days and were
enrolled in twice-weekly treatments for a minimum of 4 weeks.
Wound measurement was performed with the digital planimetry system integrated in the BRH-A2 CUSEFS system.
Measurement was performed by taking a digital photograph

Results
Table 1 shows the results of the study. Thirteen of the
18 wounds exhibited reduction in surface area during the
first week of treatment. The average closure was 10.8%.
The average closure rate was 20.97% for the wounds that
showed reduction in size. Figures 1 and 2 are representative
of wounds that showed a reduction in size. Of the five that did
not show a reduction in area, there was however a significant
reduction in wound volume and depth. Figures 3 and 4 are
representative of the wounds that did not show a reduction
in area. The quality of the tissue within the wound bed was
significantly modified, showing a more robust granular
appearance almost immediately after treatment. The wound
edge, which in almost all cases had a pearly, folded-over look
prior to treatment, had a much flatter, open-looking wound
edge after treatment. There was a slight increase in drainage
from the wounds, but it was serous in nature, and there were
no signs of infection.
Upon questioning, patients related that they felt a slight
decrease in pain related to the wound. Some of the patients noted
that they felt some discomfort at the beginning of the treatment,
but it was understood this feeling was related to the motion of
the US head, and the discomfort subsided almost immediately.

Table 1 Patient demographics and results
Patient
number

Patient age,
years

Wound duration,
months

Sex

Size at
presentation, cm2

Size after two
treatments, cm2

% change

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Average

74
96
69
69
55
84
84
51
51
78
91
67
49
34
34
65
34
59
63

24
4
36
36
4
60
60
6
6
2
36
2
36
60
60
36
13
48
29

Female
Female
Male
Male
Female
Female
Male
Male
Male
Male
Male
Female
Male
Female
Female
Female
Male
Male

15.51
1.85
2.49
1.66
35.84
4.25
1.31
5.95
2.91
12.62
1.09
1.64
25.75
3.34
3.95
75.53
3.05
15.36
11.9

11.41
1.71
2.47
1.56
30.83
4.63
1.08
5.68
3.49
3.41
1.47
0.86
25
3.4
1.64
74.44
3.37
13.52
10.55

26
7
0.8
6
14
–9
17.5
4.5
–20
73
–35
48
3
–2
58
1.4
–10
12
10.8
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of the wound with a ruler for calibration. The wound edges
were then traced by a single, independent reviewer, in order
to reduce measurement bias. The measurement system
calculated the area of the wound. Although not part of the
study and not evaluated, patients continued using CUSEFS in
addition to their current wound-care protocol twice weekly.
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Figure 1 Before treatment with combined ultrasound and electric field stimulation.

Figure 2 After treatment with combined ultrasound and electric field stimulation,
with decreased surface area.

Figure 3 Before treatment with combined ultrasound and electric field stimulation.

Discussion
While much has been written and studied about the effect of
US and electric stimulation and the effect of these modalities on wound healing, most has been directed at overall and
Chronic Wound Care Management and Research 2016:3

CUSEFS for stalled chronic wounds

Figure 4 After 1 week of treatment: no reduction in area, but note the positive
change in the wound.

long-term changes. Little has been said about the immediate
effect, and how these therapies may produce an effect in the
wound after only one or two treatments.
In contradistinction to drug therapies, physical modalities
do not necessarily have a dosage threshold that needs to be
overcome in order to produce a result. The simplest example
of that would be the body’s inflammatory response to a
physical insult, ie, a slap will generate an erythematous flush.
When US or electric stimulation is applied to heal a wound,
the physical effect is instantaneous. Changes to the cells are
forced by the surrounding conditions.15,16 While these effects
might take a while to be effective on a subcellular level, at a
gross level they occur from the commencement of therapy.
The components of US and EFS are complementary.
Many of their cellular and subcellular effects are similar, and
the mixture of the two has an additive effect. The micromovement generated by the modalities causes an immediate effect,
with the two distinct wave types having a cellular affect both
individually and combined.
This study looked at the initial and immediate response
to CUSEFS by wounds that had been stagnant for a
minimum of 30 days. This was a pilot study, so the sample
size was small and the study design open, both of which
should be addressed in future evaluation of this device. The
investigators are continuing to evaluate the device on these
patients for wound closure, but chose an interim evaluation
of the device specifically because of the stagnant nature
of the wounds and the initial reaction of the wounds to
treatment with CUSEFS. In the authors’ experience, most
modalities for wound therapy, especially physical modalities, take some time to begin affecting the wound and its
environment and effecting closure. The authors found it
very encouraging that there was such an initial response,
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and found that very promising for a continued effect on
wound closure. Future research should compare other
devices directly for initial as well as continued efficacy.
Randomized controlled trials should be conducted looking
at both parameters, and should focus on the wound both
grossly and microscopically.

Conclusion
Although this was an open-label study, and the authors recognize the need for an RCT, the results certainly support the
statement that CUSEFS has an immediate effect on wound
healing in stalled chronic wounds. Continued use of CUSEFS
helps to heal these wounds in a much timelier fashion.
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