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Abstract
Chronic wound care is a growing medical problem, reaching epidemic proportions worldwide. Even after the 

wound has healed, wound recurrence remains a significant issue, with rates approximating 40% in 6 months after 
healing. The authors evaluate a retrospective analysis of their wound care clinics healing and recurrence rates. The 
authors evaluate the efficacy of varying physical modalities on preventing recurrence of wounds after their healing. 
The authors take their evaluation out to one year.
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Introduction
Foot and leg ulcerations, depending on the individual person, heal 

at different rates. Certain wounds have simple healing routes without 
future recurrence while others last for an extended period of time 
or reoccur after initially succeeding with skin closure. In the cases 
where ulcerations fail to heal at a timely rate, infection may occur, 
leading to more serious complications which could cause significant 
loss of limb or in worst case scenarios, loss of life [1]. Underlying 
causes of ulcerations, including infections, co-morbidities, abnormal 
biomechanics, and individual lifestyle and behavior play large roles in 
determining the ultimate course of ulceration and recurrence [2-4]. 
Two such examples of ulcerations which frequently relapse include the 
diabetic foot ulcer and the venous leg ulcer. Diabetic foot ulcerations 
are an example of a type of wound which may take an extended period 
of time to heal. After healing, diabetic foot ulcers frequently reoccur. 
Peters et al. enrolled 81 subjects with ulcerations distal to the ankle into 
a cohort study evaluating risk factors for secondary diabetic foot ulcers 
[5]. The authors found that 12.3% of ulcerations did not heal by the end 
of their follow-up period. 16.0% of the patients progressed to a lower 
extremity amputation. The study concluded that peripheral vascular 
disease, repetitive injury to an insensate foot, and incorrectly fitted 
shoe gear increased risk for ulceration in the diabetic patient. Dubsky 
et al. examined data of patients who had relapses of diabetic foot ulcers 
and found that recurrence occurred in 57.5% of the patients in this 
population, with predictors for recurrence including plantar ulcer 
location, presence of osteomyelitis, C-Reactive Protein levels greater 
than 5 mg/L, and Hemoglobin A1c greater than 7.5 % [6]. Ghanassia 
et al. evaluated the long term outcomes for patients hospitalized for 
diabetic foot infection. In this population, 43.8% of patients underwent 
amputation while 51.7% died within a two year study period, albeit 
half of the mortality was from cardiovascular events. 60.9% of patients 
in this evaluation had ulcer recurrence [7]. Apelqvist et al. found re-
ulceration rates up to 40% within 3 years and up to 70% within 5 years 
within a diabetic population [8]. Galea et al. determined a 48.5% ulcer 
recurrence in subjects included in their study, with all but 1 patient 
having type II diabetes mellitus [9]. In this evaluation, the average time 
duration of patients suffering from diabetes was 12.5 years. The most 
common re-ulceration regions were on the plantar foot in 43.8% of 
the subjects, the apex of the toes in 31.3%, dorsally in 15.6%, and on 
the lateral heel in 9.4%. Different modalities and techniques have been 

utilized in attempts to prevent the diabetic foot from having ulceration 
recurrence. For example, Lavery et al. examined the use of temperature 
monitoring in a physician-blinded, randomized multicenter trial, 
enrolling patients with histories of diabetic foot ulcerations. One group 
within the study was provided with an infrared skin thermometer to 
measure temperatures on different areas of the foot. These subjects had 
less ulcerations than the study groups who were not provided with a 
thermometer, demonstrating that knowledge of skin temperature 
measurements assisted in recurrence rate reduction [10]. Venous leg 
ulcerations are also at high risks of recurrence after obtaining an initial 
skin closure. Venous leg ulcerations are the most common form of 
lower extremity ulcers in the United States, affecting about 1% of the 
population. Causes of the ulcerations include inflammation leading to 
leukocyte activation, platelet aggregation, damage to endothelium, and 
intracellular edema [11]. Obesity, deep vein thrombosis, history of leg 
injury, age (elderly), phlebitis, and sex (women) are the chief risk factors 
leading to venous stasis development and ulceration. Eczematous 
dermatologic changes, hyperpigmentation on surrounding skin, edema 
upon dependence, varicose veins, and dull pain are related to venous 
stasis recognition. Additionally, bony prominences typically underlie 
the ulceration. The venous hypertension leading to ulceration and 
recurrence can be decreased via non-invasive mechanisms including 
compression therapies, or if needed, surgical procedures [12]. McDaniel 
et al. reviewed recurrence risks based on “clinical, etiologic, anatomic, 
and pathophysiologic criteria and hemodynamic characteristics of the 
affected limb as assessed with air plethysmography [13]. Corrective 
venous surgical interventions were performed in 37 extremities of 
the 99 assessed in the study. Recurrence of venous leg ulcerations was 
approximately 37% at 3 years and about 48% at 5 years. Those who 
had surgical intervention for the venous leg ulceration had a recurrence 
rate of about 27% at 4 years, which was less than those undergoing 
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non-invasive interventions. Deep venous insufficiency was found to 
have significantly higher recurrence rates. Reeder et al. performed a 
literature search on venous leg ulcer recurrence rates, noticing that 
recurrence ranges from 0% at 6 months to 56% at 4.5 years and voicing 
a need for new strategies in post venous leg ulceration patients [14]. 
This study evaluates both diabetic foot ulcerations and venous leg 
ulcerations treated with ultrasound and electrical stimulation therapy 
and the ulceration recurrence rate post intervention.

Methods 
This was a retrospective analysis of patients attending clinics 

between 2008 and 2014. Patients were treated for either diabetic 
or venous lesions. Patients had suffered from am ulceration for a 
minimum of 2 months prior to healing. Patients were enrolled in 
the study, only if they fit into only one of the treatment protocols: 
Advanced Wound Care Products (AWC), Conventional Ultrasound 
(1-3 mHz), Conventional Electric Stimulation, Surface Acoustic Wave 
Therapy (SAW) (NanoVibronix Inc. Elmsford, NY, USA), Combined 
Ultrasound and Electric Field Stimulation (CUSEFS) (BRH Medical, 
Jerusalem, Israel), and Ultrasonic Debridement. If a patient received 
more than one category of treatment other than having AWC in 
addition to a mechanical modality, in order to be included in the 
study, patients had to attend at least 60% of their follow up visits. These 
centers all utilized the same post healing treatment and prevention 
regimen which included for DFU’s: quarterly visits, specialized 
shoegear and or thoses, routine foot care including moisturizing as well 
as daily home foot exams. For VLU’s the treatment regimen included 
using compression therapy, either a bandage or stocking from toe to 
knee, as well as routine skin care with a moisturizer. Binary clinical 
outcomes were collected at 6 and 12 months following treatment. The 
binary outcome was an assessment of whether the lesion had recurred. 
Patients with recurring lesions were marked with a 1 and patients 
with no recurring lesions were marked with a zero. Thus, for each 
of the 6 treatment groups, the outcome variable of interest was the 
percent of recurring lesions at 6 and 12 months. Diabetic and venous 
lesions were combined at each assessment point. Thus, at each point 
of assessment, 6 treatment conditions were compared to each other 
in terms of whether they differ in the overall percent of both diabetic 
and venous recurring lesions Logistic regression was utilized to model 
the binary outcomes data. Because the AWS condition is considered 
the standard of care it was made the reference group against which all 
other groups were compared. Following the initial logistic regression, 
any group that was statistically different from the AWS standard of care 
was then compared to all other groups. These analyses were carried out 
for separately at the 6 and 12 month points of assessment. 

Results
The percent of recurring lesions for each of the 6 groups at 6 and 

12 month assessment points are presented in Figure 1. Tables 1 and 
2 show the data sets reported at both 6 and 12 months. At 6 months, 
logistic regression showed that the SAW and BRH conditions had 
significantly fewer recurring lesions compared to the AWS standard 
of care condition (SAW: B=2.1, OR=7.9, Wald=7.7, p<.001; BRH: 
B=2.9, OR=17.4, Wald=15.1, p<.001). The Odds Ratios and p values 
comparing SAW and AWS with all other conditions are presented 
in Tables 3 and 4. SAW had significantly fewer lesions compared to 
all other conditions except US. BRH had significantly fewer lesions 
compared to all other conditions. SAW and BRH did not differ from 
each other (SAW: B=.8, OR=.45, Wald=.6, p=.45) At 12 months, 
logistic regression showed that the SAW and BRH conditions had 

significantly fewer recurring lesions compared to the AWS standard 
of care condition (SAW: B=1.8, OR=5.9, Wald=8.1, p<..05; BRH: 
B=2.6, OR=13.5, Wald=18.2, p<.001). The Odds Ratios and p values 
comparing SAW and AWS with all other conditions are presented in 
Table 3. SAW had significantly fewer lesions compared to all other 
conditions except US. BRH had significantly fewer lesions compared 
to all other conditions. SAW and BRH did not differ from each other 
(SAW: B=.83, OR=.44, Wald=.98, p=32).

Discussion
Ultrasound application has the ability to alter blood flow, 

angiogenesis, cellular protein synthesis, vascular permeability, and 
collagen make-up and configuration [15]. Yao et al. determined that the 
use of ultrasound promoted a reduction in pro-inflammatory cytokines 
and enhancement of tissue regeneration [16]. The study evaluated non-
healing diabetic foot ulcerations in patients with neuropathy treated via 
ultrasound for 5 weeks. The group who used ultrasound at increased 
intervals throughout the treatment period had significant wound 
area reduction. Ultrasound was deemed effective in treating chronic 
neuropathic diabetic foot ulcers. Electrical stimulation therapy affects 
the electrochemical wound process. Intact skin has a transepithelial 
potential, with the skin surface having negative chloride ions and 
the dermis having positive sodium ions. Ulcerations have abnormal 
potentials which promote wound healing. The potential decreases in 
chronic wounds, leading to less healing potential. Electrical stimulation 
reestablishes the currents found in the transepithelial potential and 
stimulates the healing process [17]. Peters et al. evaluated high voltage, 
pulse galvanic electrical stimulation on diabetic ulcerations, noticing 
increased healing in 65% of patients compared to a control group with 
no electrical stimulation [18]. Similarly, Baker et al. examined electrical 
stimulation therapy waveforms on diabetic ulceration healing rates, 
determining that patients have significantly increased healing rates 
of nearly 60% when utilizing asymmetric biphasic waveforms in 
comparison to a control group with no electrical stimulation therapy 
[19]. Ultrasound and electrical stimulation have also been shown to 
treat venous leg ulcerations. Taradaj et al. examined 81 patients treated 
either with surgery or less invasive measures, including therapeutic 
ultrasound. The study concluded that ultrasound is useful and efficient 
as a non-invasive measure for venous leg ulcerations [20]. Samuels 
et al. noticed that ultrasound promoted wound closure by leading to 
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Figure 1: Overall Results of the Study.
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proliferation and cellular metabolism [21]. Junger et al. evaluated the 
economic and therapeutic results of electrical stimulation on venous 
leg ulcerations [22]. The authors noted that pain level, ulceration 
measurements, transcutaneous oxygen partial pressure, and capillary 
density had beneficial results with the use of electrical stimulation. This 
study was retrospective in nature. The patients selected for evaluation 
met very strict criteria and were divided into treatment groups that 
were inviolable. They were individually followed at a single clinic, 
so that even though the overall inter clinic protocol was the same, 
in each patient’s case it did not vary at all. The study population was 
large enough in each group to give significant data as to efficacy results 
in preventing recurrence. The overall efficacy among the clinics was 
superior to that reported in the literature. Mechanical modalities 
each contributed towards further lowering recurrence rates. SAW 
and CUSEFS were significantly better than the other modalities at 
preventing recurrence. The reasoning behind this is that these therapy’s 
both capture more of the healing properties of these modalities, as well 
as giving them in a more significant and efficacious protocol. SAW has 
a focal depth of approximately 4cm. This means that almost all of the 
acoustic energy is localized to the tissue involved in wound healing. 
The effect is maximized and the healing that occurs is stronger and thus 
there is less recurrence. CUSEFS utilizes two physical modalities and 
they each have an effect both on the tissue and on each other. When 
the electric wave affects the acoustic wave, it alters it in a way that the 
energy is refocused at a different angle and along a plane in the tissue 

that concentrates the energy more specifically. Ultrasound Assisted 
Debridement showed the least efficacy among the physical modalities 
evaluated. While acoustic energy is applied to the liquid debriding 
medium, much of the energy is dampened by the air before contact 
with the tissue. Centrifugal debridement is very effective, less painful 
than sharp debridement, and more exact, but adding Ultrasound does 
not seem to have a vast effect. The major drawback to this study is that 
it was retrospective. A prospective study evaluating both the healing 
rates, efficacy of closure, and then evaluating the recurrence rates 
would have been preferred. 

Conclusion
Although further research is necessary, it is clear that physical 

modalities have a positive effect on preventing wound recurrence. 
Ultrasound both as Surface Acoustic Waves and when combined with 
Electric Field Stimulation have the most efficacy, while Ultrasound 
Assisted Debridement has the least effect above Advanced Wound 
Care Products. A prospective, randomized controlled trial would 
provide further evidence to this phenomenon. 
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