
 

India  has 69.2 million  patients diagnosed with diabetes 1 ( IDF atlas ) . The Indian Council 

of Medical Research India Diabetes Study (ICMR-INDIAB study) has projected ... 

– There would be an increase in diabetes patients  to about 101.2 million by 

2030.  

 

Diabetic foot ulcers (DFUs) are a well known complication of diabetes mellitus. They have a 

major long-term impact on the morbidity, mortality, and quality of life of the patient. 

ALERTS  

 

• An estimated 15% of patients with diabetes will develop a foot ulcer sometime in their 

life 

• They are 30 to 40 times more likely to undergo amputation due to a non-

healing foot ulcer(Ostomy Wound Manage. 2005 Aug;51(8):24-39) 

 

 

DFU mainly caused by ischemic, neuropathic or combined neuroischemic abnormalities. The 

healing of ulcer in patients with diabetes is reported to be poor. It has been reported that 

standard care heals only between 24% and 31% of DFU. Ultimately, unhealed DFU in the 

most cases lead to infection, gangrene, amputation, and even death if the necessary care is not 

provided .The risk of lower extremity amputation  is reported to be  15 to 46 times higher in 

patients with diabetes than in persons without diabetes.Early and optimal intervention is 

required to promote wound healing and prevent complications  

Multi-disciplinary approaches for management of DFU include  

• achieving optimal glycemic  control 

Diabetic foot ulcers (DFUs) 



•  removal of pressure by off- loading devices  

• Wound debridement  

•  eradication of infection, and  

• proper dressing 

 

Many adjunctive therapies could be used for rapid healing of DFU including 

• hyperbaric oxygen therapy (HBOT)  

•  Negative Pressure Wound Therapy (NPWT)  

• recombinant Human Platelet-Derived Growth Factor-BB (rPDGF-BB)  

• Electrical Stimulation (ES)  

• Bio-Engineered Skin (BES) 

 

In spite of these various options for healing of DFU, poor healing of DFU has been reported 

globally.  Besides, the rising costs of these approaches  may make them inaccessible to many 

patients .Therefore, design of low cost and effective methods to heal DFU seems to be 

essential 

 

 

 

  



 

Ultrasound is traditionally widely used in imaging medicine for the purpose of medical 

diagnosis. In 1927, ultrasound was first recognized to produce lasting changes in biological 

systems and this was the start of study on therapeutic ultrasound. Low-intensity pulsed 

ultrasound (LIPUS) is a form of ultrasound that delivered at a much lower intensity (<3 

W/cm2) than traditional ultrasound energy and output in the mode of pulse wave, and it is 

typically used for therapeutic purpose in rehabilitation medicine. Especially in recent decades 

of years, LIPUS can be found to have a rage of biological effects on tissues, including 

promoting bone-fracture healing accelerating soft-tissue regeneration and inhibiting 

inflammatory responses  

Ultrasound is a form of mechanical energy with its acoustic pressure wave at frequencies 

beyond the upper limit of the normal human sound range, which is from 16 Hz to something 

approaching 15–20,000 Hz (in children and young adults) or is also normally known from 20 

to 20,000 Hz. Ultrasound consists important physical characteristics as shown in the 

following description. 

 

Basic concept about ultrasound 

Ultrasound waves 

Ultrasound waves are a kind of sound waves with the frequencies beyond 20,000 Hz. There 

are usually three characteristics about ultrasound waves: frequency, wavelength, and velocity. 

Frequency is the number of times a particle experiencing a complete compression and 

rarefaction cycle in one second. Currently, the therapeutic ultrasound devices typically 

operate in 1 or 3 MHz, while LIPUS devices usually operate in 1.5 MHz .Wavelength is the 

distance between two equivalent points on the waveform in a particular medium. The 

wavelength is usually about 1.5 mm at 1 MHz or 0.5 mm at 3 MHz in an average tissue of 

human body. Velocity is the velocity at which the wave travels through the medium. The 

velocity of ultrasound is approximately 350 m/s in air and it can travels more rapidly in a 

denser medium.( Transl Androl Urol. 2016 Apr; 5(2): 255–266.) 

 

 

The principles of Ultrasound in wound healing  



 

Ultrasound beam 

As the ultrasound beam emerges from the treatment head of a therapy ultrasound device, the 

energy within the beam is not equal in space, it has areas of higher and areas of lower 

intensity .The ultrasound beam nearest the treatment head is called the near field (or the 

Frenzel zone), where the ultrasound energy in this part of field can be many times higher than 

the average energy of the beam. Beyond the outer boundary of the near field lies the far field 

(or the Fraunhofer zone), where the ultrasound beam is more uniform and gently divergent. 

The far field is typically out of use in the field of therapeutic applications. The beam 

nonuniformity ratio (BNR) is the numerical ratio of the intensity peaks to the mean intensity 

of the Near Field beam; it indicates the quality of the ultrasound applicators. For most 

applicators, the BNR is approximately 4–6, and the theoretical best value for BNR is 

infinitely near the number 1. 

Ultrasound intensity 

Usually, at intensities of 0.05–0.50 W/cm2, ultrasound is widely used in imaging medicine 

(11). At intensities of 0.03–1,000 W/cm2, the surgical and therapeutic benefits of ultrasound 

have been typically used and explored.. Through the review of literature, depending on the 

intensity of exposure, the therapeutic ultrasound can be divided into two groups: low-

intensity ultrasound (<3 W/cm2) and high-intensity ultrasound (≥3 W/cm2). The dosage of 

low-intensity ultrasound can be further divided into three groups: low dose (<1 W/cm2), 

middle dose (1–2 W/cm2), and high dose (2–3 W/cm2). In regular clinical applications, the 

intensity of ultrasound applied ranges from about 0.03–1.0 W/cm2 . 

Ultrasound frequency 

In addition, ultrasound waves can be divided into three ranges depending on the ultrasound 

frequency: high frequency ultrasound (1–20 MHz) used in medical diagnosis, medium 

frequency ultrasound (0.7–3.0 MHz) used in therapeutic medicine, and low frequency (LF) 

ultrasound (20–200 kHz) used in industrial and therapeutic applications .LF ultrasound is a 

specific kind of medical ultrasound in the kHz range of frequencies with its upper limit 

frequencies below 1 MHz, whose frequency mainly range from 20 kHz to 100 kHz.Of 

course, LF ultrasound can be divided into two groups: low-intensity LF ultrasound and high-

intensity LF ultrasound. Typically, low-intensity LF ultrasound is applied in the field of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4837316/#r11


enhancement of drug delivery and high intensity focused ultrasound (HIFU) is applied in the 

field of cancer ablation and palliative treatment .The classifications and applications of 

ultrasound waves depending on ultrasound intensity or frequency are summarized below . 

 

   

Ultrasound 

intensity 

 

Low-intensity ultrasound (<3 W/cm
2
) 

 

 

High-intensity ultrasound (≥3 W/cm
2
) 

 

Therapeutic medicine, imaging medicine, 
medical diagnosis, and drug delivery 

 

 

Surgery, cancer ablation, and palliative 
treatment 

 

Ultrasound 

frequency 

 

Low frequency ultrasound (20–200 kHz) 

 

Medium frequency  

ultrasound (0.7–3.0 MHz) 

 

High frequency ultrasound (1–20 MHz) 

 

Drug delivery, surgery, cancer ablation, and 
palliative treatment 

Therapeutic medicine, such as bone-
fracture healing, soft-tissue lesions healing, 
inhibiting inflammatory responses, and 
erectile dysfunction treatment 

 

Imaging medicine and medical diagnosis 

 

 



 

 

Generation of ultrasound and current equipments 

Basically, a sound source vibrating sinusoidally with time and back and forth in space around 

its initial position leads to the generation of a sound wave. When the frequency of vibrating is 

above the typical human audible range, this type of sound wave is called ultrasound. In 

practice, a simple sound source is often a circular ceramic disk that exhibits a piezoelectric 

effect and has a radius of a finite dimension  

A typical ultrasound therapy equipment offers an operating frequency choice of 1 or 3 MHz, 

while the LIPUS sound wave has been generated almost exclusively at 1.5 MHz  

Pulsed ultrasound 

Ultrasound can be output in the mode of pulse wave, and for many clinicians it is a preferable 

mode for treatment .The typical pulse ratios of pulse duration time to pulse rest time are 1:1 

and 1:4, though there are other ratios available. The proportion of time that the machine is on 

compared with off is a relevant factor in ultrasound wave dosage calculations. The pulse 

frequency is the number of times that the machines offer the ultrasound pulses in one second. 

Currently, the typical pulsed machine frequencies are 100 and 1,000 Hz, and there is no 

evidence that which frequency has any clinical advantage over the other. In addition, current 

pulsed ultrasound machines on available typically deliver ultrasound pulsed at 20% (1:4) and 

at 1,000 Hz (1 kHz), that is 200 µs ultrasound and 800 µs not ultrasound in 1,000 cycles per 

second  

Low-intensity pulsed ultrasound (LIPUS) 

LIPUS is clearly a form of medium frequency ultrasound (0.7–3 MHz) that output in the 

mode of pulse wave (100 and 1,000 Hz) and delivered at a much lower intensity (<3 W/cm2) 

than traditional ultrasound energy. As mentioned in the introduction, the power density of 

LIPUS used for fracture healing is much lower than that with the traditional ultrasound 

treatments. Almost all of the LIPUS researchers used sound wave of intensity at 0.03 

W/cm2 (or known as 30 mW/cm2), pulse ratio 1:4 at 1,000 Hz, and frequency at 1.5 MHz in 

their studies  



 

LIPUS promotes cell proliferation 

In 2004, Zhou et al. examined the effect of LIPUS on the proliferation of primary human 

foreskin fibroblasts and the underlying signalling mechanisms, and came out with a 

conclusion that LIPUS promotes cell proliferation via activation of integrin receptors and a 

Rho/ROCK/Src/ERK signalling pathway In their study, fibroblast cell was observed to have 

an increase in the total cell number and an increase of bromodeoxyuridine incorporation after 

LIPUS stimulation, and LIPUS can induce stress fiber and focal adhesion formation via 

activation of Rho. Further, they found that LIPUS selectively induced activation of 

extracellular signal-regulated kinase (ERK) 1/2, and inhibition of Rho-associated coiled-coil-

containing protein kinase (ROCK) prevented LIPUS-induced ERK1/2 activation. This 

indicated that the Rho/ROCK pathway is an upstream regulator of ERK activation in 

response to LIPUS. Moreover, activation of ROCK and MEK-1 was required for LIPUS-

induced DNA synthesis, which can be prevented by an integrin β1 blocking antibody as well 

as a RGD peptide. In addition, the phosphorylation of Src at Tyr(416) was slightly increased, 

and Src activity was required for ERK1/2 activation of cell proliferation in response to 

LIPUS. 

  



 

 

 

Improves mileu in wound to promote wound healing  

 

 

 

• Reduces bacterial bioburden  
• Improved angiogenesis 

• Therapeutic ultrasound is beneficial in the inflammatory and proliferative phases of 
the healing process because it controlled the necrotic tissue, increased the granulation 
tissue and wound contraction 

 

• Improved drug delivery and improved glycemic control  

 

The frequency resonance theory  

A new hypothesis known as the frequency resonance theory has been proposedMechanical 
energy from an ultrasound wave is absorbed by individual protein molecules, causing 

Postulated mechanisms for improved wound healing  with ultrasound   



conformational changes. Signal-transduction pathways also are stimulated from the 
ultrasound-generated mechanical energy 

Signal-transduction pathways have  cellular effects, some of which have direct implications 
for wound healing. 

–  Leukocyte adhesion 

– growth factor production 

–  collagen production 

– increased angiogenesis 

–  increased macrophage responsiveness, increased fibrinolysis, and increases in 
nitric oxide are all examples of ultrasound-induced cellular effects  

 

 

Ultrasound and improves beta cell function  

 

• In vitro studies in rat INS 832/13 beta cells  

• Application of ultrasound energy to these cells  augments insulin release. 

•  Insulin release from beta cells caused by application of 800-kHz ultrasound was 
comparable to that reported by the secretagogue glucose, thus operating within 
physiological secretory capacity of these cells. 

•  Ultrasound has potential as a novel and alternative method  aimed at correcting 
secretory deficiencies in patients with type 2 diabetes.  

          (Ultrasound Med Biol. 2017 Jun;43(6):1210-1222) 

 

 

 

 

 

 

 



 

 

Nonhealing leg and foot ulcers associated with chronic critical limb ischemia were treated 
with low frequency ultrasound . 

 

 MIST  Placebo  

% patients who  achieved 
greater than 50% wound 
healing at 12 weeks  

63%  29% 
P < .001  

 

 

The rate of healing of cutaneous foot and leg ulcerations in patients with chronic critical 
limb ischemia improved significantly when MIST Therapy was combined with the 
standard of wound care 

(Adv Skin Wound Care. 2007 Apr;20(4):221-6.) 

 

 

 

 

 

 

 

 

 

Treatment of ischemic wounds with noncontact, low-frequency ultrasound: The 
Mayo clinic experience 



 

 

 

Low frequency ultrasound has been used in America for treatment of foot ulcers since 
2004 . 

Low frequency ultrasound has been approved by the US FDA as an adjunct in wound 
healing  

 

 

 

Low frequency ultrasound  has been certified as safe in America in 2004  

 

 

 

 

 

 

 

 

 

 

 

Regulatory approvals for use of ultrasound for wound healing  



 

 

GlyBeta C causes airborne ultrasound energy to enhance the cell permeability and help in the 
transportation of drugs into them thereby enhancing the effectiveness of existing  drugs. 

GlyBetaC aerostimulators are electronic transmitters of mixed frequency sound waves which 
are above the frequency limit of human audibility. They emit sound waves at normal decibels 
that  are harmless to humans. 

GlyBetac C uses state of the art quartz crystal technology to generate ultrasound waves which 
can penetrate human tissues  and stimulate the receptors of low electrical resistance in the 
human body. Ultrasound waves help to re-establish or normalize effective metabolic 
temperatures in areas where the blood flow has been compromised   

 

GLYBETAC 

 

GLYBETAC is a low frequency ultrasound treatment device now available in India  

GLYBETAC is used for management of diabetic foot ulcers  

GLYBETAC meets international standards of safety  

 

Administration  

• Low-frequency ultrasound is used as an adjunct (supplement) to wound care.  

• A noncontact low-frequency ultrasound device is intended to provide debridement 
and cleansing to a wound. 

•  The device is kept 5 feet away from the wound  to deliver ultrasound waves to the 
wound bed in order to promote healing through stimulation of cellular activity. 

•  Therapy is usually given in 10 minute sessions, three times per week  

 

 

 

 

GLYBETAC 



 

Noncontact, low-frequency ultrasound therapy enhances neovascularization and wound 

healing in diabetic mice. 

Maan ZN1, Januszyk M, Rennert RC, Duscher D, Rodrigues M, Fujiwara T, Ho N, Whitmore 
A, Hu MS, Longaker MT, Gurtner GC. 

BACKGROUND:  

Chronic wounds are a major source of morbidity for patients and represent a significant 
health burden. Implementing noninvasive techniques that accelerate healing of these wounds 
would provide great benefit. Ultrasound appears to be an effective modality for the treatment 
of chronic wounds in humans. MIST Therapy is a noncontact, low-frequency ultrasound 
treatment delivered through a saline mist. A variety of mechanisms have been proposed to 
explain the efficacy of ultrasound therapy, but the underlying molecular and cellular 
pathways impacted by this technique remain unclear. The in vivo effect of noncontact, low-
frequency ultrasound was therefore examined in a humanized excisional wound model. 

METHODS:  

The treatment group received noncontact, low-frequency ultrasound therapy three times per 
week, whereas the control group received a standard dressing change. Wounds were 
photographed at regular intervals to calculate healing kinetics. Wound tissue was harvested 
and processed for histology, quantitative polymerase chain reaction, and enzyme-linked 
immunosorbent assay. 

RESULTS:  

The MIST group demonstrated significantly accelerated wound healing, with 17.3 days to 
wound closure compared with 24 days in the controls (p < 0.05). This improvement became 
evident by day 9, with healing evidenced by significantly decreased mean wound area 
relative to original size (68 percent versus 80 percent; p < 0.01). Expression of markers of 
neovascularization (stromal cell-derived factor 1, vascular endothelial growth factor, and 
CD31) was also increased in the wound beds of noncontact, low-frequency ultrasound-treated 
mice compared with controls. 

CONCLUSION:  

Noncontact, low-frequency ultrasound treatment improves neovascularization and wound 
closure rates in excisional wounds for diabetic mice, likely because of the stimulated release 
of angiogenic factors. 
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Int Wound J. 2014 Dec;11(6):586-93. doi: 10.1111/iwj.12005. Epub 2012 Nov 19. 

A pilot study evaluating non-contact low-frequency ultrasound and underlying 
molecular mechanism on diabetic foot ulcers. 
Yao M1, Hasturk H, Kantarci A, Gu G, Garcia-Lavin S, Fabbi M, Park N, Hayashi H, Attala 
K, French MA, Driver VR. 

Author information 

• 1Limb Preservation and Wound Care Research, Department of Surgery, Center for 
Restorative and Regenerative Medicine, VA New England Health Care Division, 
Providence, RI, USA; Department of Surgery, Boston University Medical Center, 
School of Medicine, Boston, MA, USA. 

Abstract 

Non-contact low-frequency ultrasound (NCLF-US) devices have been increasingly used for 
the treatment of chronic non-healing wounds. The appropriate dose for NCLF-US is still in 
debate. The aims of this pilot study were to evaluate the relationship between dose and 
duration of treatment for subjects with non-healing diabetic foot ulcers (DFUs) and to explore 
the correlation between wound healing and change of cytokine/proteinase/growth factor 
profile. This was a prospective randomised clinical study designed to evaluate subjects with 
non-healing DFUs for 5 weeks receiving standard of care and/or NCLF-US treatment. 
Subjects were randomly assigned to one of the three groups: application of NCLF-US thrice 
per week (Group 1), NCLF-US once per week (Group 2) and the control (Group 3) that 
received no NCLF-US. All subjects received standard wound care plus offloading for a total 
of 4 weeks. Percent area reduction (PAR) of each wound compared with baseline was 
evaluated weekly. Profiles of cytokines/proteinase/growth factors in wound fluid and 
biopsied tissue were quantified to explore the correlation between wound healing and 
cytokines/growth factor expression. Twelve DFU patients, 2 (16·7%) type 1 and 10 (83·3%) 
type 2 diabetics, with an average age of 58 ± 10 years and a total of 12 foot ulcers were 
enrolled. Average ulcer duration was 36·44 ± 24·78 weeks and the average ABI was 0·91 ± 
0·06. Group 1 showed significant wound area reduction at weeks 3, 4 and 5 compared with 
baseline, with the greatest PAR, 86% (P < 0·05); Groups 2 and 3 showed 25% PAR and 39% 
PAR, respectively, but there were no statistically significant differences between Groups 2 
and 3 over time. Biochemical and histological analyses indicated a trend towards reduction of 
pro-inflammatory cytokines (IL-6, IL-8, IL-1β, TNF-α and GM-CSF), matrix 
metalloproteinase-9 (MMP-9), vascular endothelial growth factor (VEGF) and macrophages 
in response to NCLF-US consistent with wound reduction, when compared with control 
group subjects. This proof-of-concept pilot study demonstrates that NCLF-US is effective in 
treating neuropathic diabetic foot ulcers through, at least in part, inhibiting pro-inflammatory 
cytokines in chronic wound and improving tissue regeneration. Therapeutic application of 
NFLU, thrice (3) per week, renders the best wound area reduction.  
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Int Wound J. 2013 Feb;10(1):65-72. doi: 10.1111/j.1742-481X.2012.00944.x. Epub 2012 Jan 
31. 

Effects of non contact low-frequency ultrasound on healing of suspected deep tissue 
injury: a retrospective analysis. 
Honaker JS1, Forston MR, Davis EA, Wiesner MM, Morgan JA. 

Author information 

• 1Central Baptist Hospital, 1740 Nicholasville Road, Lexington, KY, USA. 
jeremy.honaker@BHSI.COM 

Abstract 

The purpose of this study was to assess the effectiveness of non contact low-frequency 
ultrasound on the healing of suspected deep tissue injury (SDTI). Participants were adults 
ranging in age from 28 to 93 years old, with multiple diagnoses including anaemia, diabetes 
mellitus and hypertension. Data were examined retrospectively on 85 patients (intervention 
group = 43 and non intervention group = 42) with 127 SDTI (intervention group = 64 and 
non intervention group = 63). Participants in both groups received standard of care for 
treating pressure ulcers. A severity score was used to assess SDTI severity before treatment 
and healing/progression after treatment. This scale measures surface area, wound 
colour/tissue assessment, and skin integrity with potential scores of 3 to 18 (higher scores 
indicate greater severity). A significant difference in changes in wound severity was found (t 
= 5·67, P < 0.000). Difference in mean change scores was 2·52 on the 3-18 severity scale. 
The decrease in wound severity for the intervention group was 1·45. Severity in the non 
intervention group increased by 1·06. This exploratory study of the effect of the non contact 
low-frequency ultrasound provides initial findings that support its use with SDTI. 

 

 

Ostomy Wound Manage. 2005 Aug;51(8):24-39. 

Ultrasound therapy for recalcitrant diabetic foot ulcers: results of a randomized, 
double-blind, controlled, multicenter study. 
Ennis WJ1, Foremann P, Mozen N, Massey J, Conner-Kerr T, Meneses P. 

Abstract 

An estimated 15% of patients with diabetes will develop a foot ulcer sometime in their life, 
making them 30 to 40 times more likely to undergo amputation due to a non-healing foot 
ulcer than the non-diabetic population. To determine the safety and efficacy of a new, non-
contact, kilohertz ultrasound therapy for the healing of recalcitrant diabetic foot ulcers - as 
well as to evaluate the impact on total closure and quantitative bacterial cultures and the 
effect on healing of various levels of sharp/surgical debridement - a randomized, double-
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blinded, sham-controlled, multicenter study was conducted in hospital-based and private 
wound care clinics. Patients (55 met criteria for efficacy analysis) received standard of care, 
which included products that provide a moist environment, offloading diabetic shoes and 
socks, debridement, wound evaluation, and measurement. The "therapy" was either active 40 
KHz ultrasound delivered by a saline mist or a "sham device" which delivered a saline mist 
without the use of ultrasound. After 12 weeks of care, the proportion of wounds healed 
(defined as complete epithelialization without drainage) in the active ultrasound therapy 
device group was significantly higher than that in the sham control group (40.7% versus 
14.3%, P = 0.0366, Fisher's exact test). The ultrasound treatment was easy to use and no 
difference in the number and type of adverse events between the two treatment groups was 
noted. Of interest, wounds were debrided at baseline followed by a quantitative culture 
biopsy. The results of these cultures demonstrated a significant bioburden (greater than 10(5)) 
in the majority of cases, despite a lack of clinical signs of infection. Compared to control, this 
therapeutic modality was found to increase the healing rate of recalcitrant, diabetic foot 
ulcers. 

 

Noncontact, low-frequency ultrasound therapy enhances neovascularization and wound 
healing in diabetic mice. 
Maan ZN1, Januszyk M, Rennert RC, Duscher D, Rodrigues M, Fujiwara T, Ho N, Whitmore 
A, Hu MS, Longaker MT, Gurtner GC. 

BACKGROUND:  

Chronic wounds are a major source of morbidity for patients and represent a significant 
health burden. Implementing noninvasive techniques that accelerate healing of these wounds 
would provide great benefit. Ultrasound appears to be an effective modality for the treatment 
of chronic wounds in humans. MIST Therapy is a noncontact, low-frequency ultrasound 
treatment delivered through a saline mist. A variety of mechanisms have been proposed to 
explain the efficacy of ultrasound therapy, but the underlying molecular and cellular 
pathways impacted by this technique remain unclear. The in vivo effect of noncontact, low-
frequency ultrasound was therefore examined in a humanized excisional wound model. 

METHODS:  

The treatment group received noncontact, low-frequency ultrasound therapy three times per 
week, whereas the control group received a standard dressing change. Wounds were 
photographed at regular intervals to calculate healing kinetics. Wound tissue was harvested 
and processed for histology, quantitative polymerase chain reaction, and enzyme-linked 
immunosorbent assay. 

RESULTS:  

The MIST group demonstrated significantly accelerated wound healing, with 17.3 days to 
wound closure compared with 24 days in the controls (p < 0.05). This improvement became 
evident by day 9, with healing evidenced by significantly decreased mean wound area 
relative to original size (68 percent versus 80 percent; p < 0.01). Expression of markers of 
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neovascularization (stromal cell-derived factor 1, vascular endothelial growth factor, and 
CD31) was also increased in the wound beds of noncontact, low-frequency ultrasound-treated 
mice compared with controls. 

CONCLUSION:  

Noncontact, low-frequency ultrasound treatment improves neovascularization and wound 
closure rates in excisional wounds for diabetic mice, likely because of the stimulated release 
of angiogenic factors. 
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The Effect of Combined Ultrasound and Electric Field Stimulation on Wound Healing 
in Chronic Ulcerations. 
Avrahami R1, Rosenblum J2, Gazes M3, Rosenblum S, Litman L4. 

INTRODUCTION:  

Ultrasound and electric stimulation are known therapies for the treatment of chronic 
ulcerations. Combined modulated ultrasound and electric field stimulation (CUSEFS) have 
never been studied as a single modality. The authors evaluate the results of CUSEFS (BRH 
Medical Ltd, Jerusalem, Israel) on a variety of wound types in a number of clinics. 

METHODS:  

This retrospective analysis looked at ulcers treated with CUSEFS in 4 clinics. Wounds were 
evaluated by an independent assessor and data was evaluated by an independent statistician. 
Of the 300 wounds treated with the CUSEFS device, only those classified as diabetic foot 
ulcers (DFUs) or venous leg ulcers (VLUs) were evaluated. A treatment was deemed 
successful if the wound was 50% closed within 4 weeks. Subjects were then followed to see 
if their wounds completely closed within 16 weeks. 

RESULTS:  

Of the 27 DFUs treated, 59.3% (16) achieved 50% closure within 4 weeks. Of the 38 VLUs 
treated, 71.1% (27) achieved 50% closure within 4 weeks. It was found that variables such as 
gender, size of the wound at presentation, and longevity of the wound had no bearing on the 
outcome. The age of the patient had an effect on the outcome of the VLUs. The wound 
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healing trajectory was supported in that there was a significant difference in the achievement 
of total closure between those subjects who had a successful trial and those who did not. 

CONCLUSION:  

Combined modulated ultrasound and electric field stimulation has a place as adjunct therapy 
that aids wound healing and provides an effective noninvasive treatment option. 
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A cohort study of 4,190 patients treated with low-intensity pulsed ultrasound (LIPUS): 
findings in the elderly versus all patients. 
Zura R1, Mehta S2, Della Rocca GJ3, Jones J4, Steen RG5. 

BACKGROUND:  

Patient age is one of many potential risk factors for fracture nonunion. Our hypothesis is that 
older patients (≥ 60) with fracture risk factors treated with low-intensity pulsed ultrasound 
(LIPUS) have similar heal rate (HR) to the population as a whole. We evaluate the impact of 
age in conjunction with other risk factors on HR in LIPUS-treated patients with fresh fracture 
(≤ 90 days old). 

METHODS:  

The Exogen Bone Healing System is a LIPUS device approved in 1994 to accelerate healing 
of fresh fracture. After approval, the FDA required a Post-Market Registry to assess 
performance. Patient data collected from October 1994 until October 1998 were individually 
reviewed and validated by a registered nurse. Four distinct data elements were required to 
report a patient: date fracture occurred; date treatment began; date treatment ended; and a 
dichotomous outcome of healed v. failed, by clinical and radiological criteria. Data were used 
to calculate two derived variables; days to treatment (DTT) and days on treatment (DOT). 
Every validated fresh fracture patient with DTT, DOT, and outcome is reported. 

RESULTS:  

The validated registry had 5,765 patients with fresh fracture; 73% (N = 4,190) are reported, 
while 13% of patients were lost to follow-up, 11% withdrew or were non-compliant, and 3% 
died or are missing outcome. Among treatment-compliant patients, HR was 96.2%. Logistic 
estimates of the odds ratio for healing are equivalent for patients age 30 to 79 years and all 
age cohorts had a HR > 94%. Open fracture, current smoking, diabetes, vascular 
insufficiency, osteoporosis, cancer, rheumatoid arthritis, and prescription NSAIDs all reduced 
HR, but older patients (≥ 60) had similar HRs to the population as a whole. DTT was 
significantly shorter for patients who healed (p < 0.0001). 

CONCLUSIONS:  
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Comorbid conditions in conjunction with aging can reduce fracture HR. Patients with fracture 
who used LIPUS had a 96% HR, whereas the expected HR averages 93%. Time to treatment 
was significantly shorter among patients who healed (p < 0.0001), suggesting that it is 
beneficial to begin LIPUS treatment early. Older patients (≥ 60) with fracture risk factors 
treated with LIPUS exhibit similar heal rates to the population as a whole. 
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