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Clinically, therapeutic ultrasound has been used by rehabilitation 
experts in physical therapy and other fields for more than 60 years 
[1]. Therapeutic indications have included a wide range of conditions 
(acute and chronic inflammation, tissue healing and repair, scar 
management, pain modulation and bone healing). Over the past six 
decades, high frequency ultrasound in the 1-3.3 MHz (1,000,000 to 
greater than 3,000,000 cycles per second) range has been primarily 
used in treating these conditions. However, in the past decade, we 
have seen the introduction of low frequency ultrasound for the 
management of nonhealing, recalcitrant wounds. Low frequency 
ultrasound (LFU) generators (<100,000 and > 20,000 hertz) are used 
for debridement [2], bioburden control [3] and to stimulate wound 
healing [4] through both non-contact and jet-spray modes of delivery. 

A review of the research examining the effects of LFU, 
demonstrates an evolving body of evidence to suggest a sweet spot 
in the frequency range for killing wound pathogens, enhancing 
antibiotic effectiveness and stimulating human cells. Work by a 
number of investigators has demonstrated the effectiveness of 25-
35 kHz LFU in killing common wound pathogens [3,5,6] as well as 
antibiotic resistant species [3,6]. Thirty five kHz LFU also appeared to 
re-sensitize Methicillin-resistant Staphylococcus aureus to methicillin 
in vitro [3]. Similarly, other work has demonstrated that LFU in higher 
frequency ranges (67 kHz) enhances the effectiveness of antibiotics 
when bacteria are treated with the two modalities (antibiotic and LFU 
in combination) [7]. However, at this higher frequency, LFU does not 
directly kill bacteria. Interesting in the intermediate range of 40 kHz, 
an average reduction of 33% of bacteria was seen after 5 minutes of 
treatment with LFU in vitro compared to 99.99% with 180 seconds 
using 35 kHz [8]. Forty kHz LFU treatment also increased the number 
of Methicillin-resistant Staphylococcus aureus in vitro. This finding 
was not observed with frequencies at or below 35 kHz.

When reviewing the literature, there are reports across both 35 
and 40 kHz frequencies in regards to mammalian cell stimulation. 
Conner-Kerr demonstrated a positive effect on a human neuronal 
monolayer development in vitro along with enhanced fibroblast 
migration rates in vitro for both 35 and 40 kHz [3,9,10]. As mentioned 
previously, human clinical trials have also demonstrated increased 
healing rates with LFU at the 40 kHz frequency [4]. Taken together, 
the evolving literature appears to indicate that there is a potential 
sweet spot for achieving both microbial control and cellular 
stimulation for wound healing and this sweet spot appears to be 35 
kHz. Much research is yet to be done, however, the picture that is 
emerging points to select frequencies for achieving both bioburden 
control as well as wound healing. This sweet spot may be 35 kHz. 
Frequencies above 35 kHz do not appear to be as effective at bacterial 
killing. However, research demonstrates consistently positive results 
in facilitating wound healing. Reversal of antibiotic resistance has not 
been demonstrated at any frequency other than 35 kHz. Antibiotic 
effectiveness has been enhanced at 67 kHz without the concomitant 
effect of direct bacterial killing. 

The above research has shifted the treatment paradigm for physical 
therapist and others who employee ultrasound to enhance healing. 

Practice has moved away from high frequency ultrasound to units 
that are based on low frequencies. The degree of debridement appears 
to be governed by the acoustic energy delivery method with the lower 
frequencies (35 kHz and below) used primarily in debridement. As the 
technology evolves, as well as our understanding of the mechanisms 
that underlies treatment effects, we will likely find that the clinical 
utility of LFU will expand.

References

1. Kloth, LC, Niezgoda JA (2010) Ultrasound for wound debridement and healing. 
In: McCulloch JM, Kloth LC (eds): Wound Healing: Evidence-Based Manage-
ment Davis Publishing, Philadelphia, PA, USA. 

2. Stanisic MM, Provo BJ, Larson DL, Kloth LC (2005) Wound debridement with 
25 kHz ultrasound. Adv Skin Wound Care 18: 484-490.

3. Conner-Kerr T, Alston G, Stovall A, Vernon T, Winter D, et al. (2010) The ef-
fects of low-frequency ultrasound (35 kHz) on methicillin-resistant Staphylococ-
cus aureus (MRSA) in vitro. Ostomy Wound Manage 56: 32-43.

4. Ennis WJ, Foremann P, Mozen N, Massey J, Conner-Kerr T, et al. (2005) Ul-
trasound therapy for recalcitrant diabetic foot ulcers: results of a randomized, 
double-blind, controlled, multicenter study. Ostomy Wound Manage 51: 24-39.

5. Schoenbach SF, Song IC (1980) Ultasonic debridement: a new approach in the 
treatment of burn wounds. Plast Reconstr Surg 66: 34-37.

6. Pierson T, Niezgoda JA, Learmonth S (2005) Abstracts of the 18th annual Sym-
posium on Advanced Wound Care , HMP Communications, San Diego, CA.

7. Pitt WG, McBride MO, Lunceford JK, Roper RJ, Sagers RD (1994) Ultrasonic 
enhancement of antibiotic action on gram-negative bacteria. Antimicrob Agents 
Chemother 38: 2577-2582.

8. Serena T, Lee SK, Lam K, Attar P, Meneses P, et al. (2009) The impact of 
noncontact, nonthermal, low-frequency ultrasound on bacterial counts in ex-
perimental and chronic wounds. Ostomy Wound Manage 55: 22-30.

9. Roy CJ, Oveido T, Sparks A, Najmulski J, Tracy, Sullivan K, et al. (2002) Ef-
fects of mist ultrasound transport therapy (MUST) and UVC on fibroblastic mi-
gration rates. 15th Annual Symposium on Advanced Wound Care & Medical 
Research Forum on Wound Repair.

10. Ackerman L, Jones T, Malpass G, Howlett A, Conner-Kerr T (2012) Effects of 
35 kHz low frequency ultrasound on neuronal and fibroblast migration. 25th An-
nual Symposium on Advanced Wound Care. 

*Corresponding author: Teresa A. Conner-Kerr, Department of Physical Thera-
py, School of Health Sciences, Winston-Salem State University, USA, Tel: (336) 
750-2193; E-mail: connerkerrt@wssu.edu 

Received February 16, 2012; Accepted February 16, 2012; Published February 
19, 2012

Citation: Conner-Kerr TA (2012) Therapeutic Ultrasound: Finding the Sweet Spot 
for Bioburden Control and Wound Healing. J Nov Physiother 2:e109. doi:10.4172/
2165-7025.1000e109

Copyright: © 2012 Conner-Kerr TA. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the 
original author and source are credited.

http://dx.doi.org/10.4172/2165-7025.1000e109

http://dx.doi.org/10.4172/jnp.1000e109
http://dx.doi.org/10.4172/jnp.1000e109
http://www.ncbi.nlm.nih.gov/pubmed/16365546
http://www.ncbi.nlm.nih.gov/pubmed/20511683
http://www.ncbi.nlm.nih.gov/pubmed/16234574
http://www.ncbi.nlm.nih.gov/pubmed/7394044
http://www.ncbi.nlm.nih.gov/pubmed/7872751
http://www.ncbi.nlm.nih.gov/pubmed/19174586

	Title
	Corresponding author
	References

