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Introduction
A number of factors are known to influence wound healing.  Well-known negative effectors include: Diabetes, exogenous steroids, malnutrition, vitamin deficiency, infection, immunocompromise, hypoxia and smoking (Reiber, et. al., 1998). These negative effectors impede wound healing through common mechanisms, namely reducing the supply of cytokine - rich cells, nutrients and building blocks needed for the intense synthetic environment.  Factors that enhance wound healing are less well-studied, but include approaches to modulate cytokine activity, vascular ingrowth, or oxygen content at the wound site.  Recently, it has been suggested that electromagnetic radiation at selected frequencies may act as a positive modulator of wound healing.  Infrared radiation (IR) has been shown to enhance wound healing through local increases in nitric oxide which stimulate angiogenesis (Horwitz, et. al., 1999; Webb, et. al., 1998).  Additionally, microwave frequency radiation has demonstrated significant improvements in wound healing by reducing the number of microorganisms at the wound site (Korpan, et. al., 1995; Korpan, et. al., 1994).  However, data evaluating combination wavelengths are lacking.  A device developed and apparently widely utilized in China is purported to emit a unique combination of electromagnetic radiation (EMR) in the infrared and microwave range that mimics the body’s natural emission or biofrequency spectrum (BFS).  The literature and experimental data available on this new device lack appropriate controls, and many of the claims set forth by the manufacturer extend beyond the scope of available data. The purpose of this study is to evaluate, as unambiguously as possible, any potential effect of this new modality on wound healing.  Tensile strength and flap survival are two aspects of wound healing relevant to clinical and functional outcomes.  Furthermore, these aspects of wound healing have well-documented animal models which can be utilized to evaluate the influence of BFS electromagnetic radiation. 

Rationale for the Project Design
Tensile Strength

During the first four weeks of wound healing, tensile strength increases in a linear fashion.  By the third month tensile strength reaches a plateau of about 75% of unwounded skin. If an effector alters the “rate” at which tensile strength accumulates, then isolated measurements during the mid to latter phases of linear growth will best demonstrate this deviation from controls.  Because of the time constraints inherent with this initial project, tensile strength in a standardized 3 cm wound was analyzed after 19 days of wound healing/treatment. 
Flap Necrosis

The survivability of a MacFarlane flap provides an additional model to assess wound healing in general and angiogenesis in particular.  In previous experiments, the flap usually undergoes about 30%-40% perimeter necrosis, particularly at the distal end of the flap opposite the vascularized base.  Negative effectors, e.g., smoking, have been shown to increase the flap necrosis, and positive effectors, e.g., vasodilators, have been shown to decrease the flap necrosis (Davies, et. al., 1998).  Similar to other experiments with MacFarlane flaps, the flap necrosis was measured after 15 days of treatment. 

Treatment Parameters

In the experiments forwarded by the manufacturer which suggest enhanced wound healing, exposure of the wounds to the EMR device twice daily was the most standard treatment method.  The distance from the wound and the duration of exposure varied and did not appear to have been methodically optimized in any one study. A wound to device distance of 30-40 cm, however, was the most common and an exposure time of 30 minutes appeared to be a rough average of the treatment reporting enhanced wound healing.  Thus, after some preliminary comparisons between BFS and IR in temperature generated at various distances and settings, we chose 40 cm as the distance from device to wound (rat back) at the low continuous setting for the BFS device and adjusted the IR lamps to approximate the same heat generated at level of the wound (maintaining a temperature between 30 and 31oC throughout the treatment period).  This parameter was monitored and recorded for every treatment.  We followed the manufacturers recommended twice daily protocol and exposed the rats to 30 minutes of EMR at each session.  To accomplish treatment in a timely and consistent fashion, 6 rats from the same treatment group were placed together in “treatment cages” and treated simultaneously.  Although, this does not ensure precise and equal exposure for each wound, we were limited by the number of devices that could be obtained for the study and felt that the benefit of more uniform time of treatment (once in the am and once in pm) was a greater benefit than spreading out treatment with more individual therapy throughout the day for the animals undergoing treatment.  In addition, we controlled for the potential impact of social interaction on wound healing in group treatment sessions by placing control animals together in a treatment cage twice a day for 30 minutes in the same manner as those undergoing EMR therapy.
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Tensile Strength
Experiments obtained by the manufacturer of the BFS device have reported improvements in wound healing nearly 50% better than controls.  In a effort to identify a statistically significant difference (P<0.05) of as little as 10% (assuming a standard deviation of 10%), then at least 10 animals were needed per group. To account for possible unforeseen complications, 35 rats were used.  The rats were anesthetized using .6 cc of Nembutal per 100 mg of body weight.  After anesthetizing the rats, each animal was given an identification number (ear tag) and a 3 cm midline, dorsal incision was made using a standard template (see Figure 1).  The incision was then surgically closed with 6 microsurgical clips (VCS, US Surgical Corporation), (1 clip every 0.5 cm of incision).  After the rats had recovered from the anesthesia, the rats were randomly assigned by to one of the three treatment groups (12- BFS, 12-IR, 11-control) and housed individually in standard cages with access to food and water.  

The IR and BFS rats received two 30-minute treatment sessions daily.  The IR and BFS treatments involved placing 6 rats in a group cage and irradiating the rats with the respective apparatuses (see Figures 2 & 3).  The IR and BFS apparatuses were both placed 40 cm above the rats.  To control for the possible effects of heat on wound healing, thermometers were placed in the treatment cages to ensure that the temperatures were held constant (less than 35 degrees Celsius) between the IR and BFS groups.  To account for any effects of social interaction on wound healing, including such behaviors as preening of the wound area, the control animals were also placed in a group cage for 30 minutes twice daily.  Between treatment sessions, all rats were housed individually in standard cages and were given an ample supply of food and water.  

At 19 days, the rats were removed from their respective cages and anesthetized using 0.6 cc of Nembutal per 100 mg of body weight.  After the rats were fully anesthetized, they were euthanized using 1 cc of Euthasix, a mixture containing 1 cc Potassium Chloride/Nembutal solution, and 2 cc’s saline solution.  The incision area was shaved of excess hair, and three 1 cm x 3 cm strips across the wound area were removed (see Figure 4).  An additional 0.1 cm strip across the wound area was removed to examine cellular changes in the wound area.  The strips were labeled, measured for length, width, and thickness, and refrigerated overnight in a saline solution.

To examine the tensile strength of the wound area, a tensiometer was used (see Figure 5).  The tensiometer is a machine that measures the breaking strength (in Newtons) of tissue samples.  The numbered samples were placed in the tensiometer and stretched until the tissue separated (breaking point).  The force at the breaking point was then normalized for width and thickness by calculating the force (Newtons) per area (mm2) of wound tissue.  
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Results
Tensile Strength 

The results indicated that both IR and BFS radiation have a significantly effect on wound breaking strength as compared to controls (see Table 1).  The results also demonstrated that although there was not a statistically significant difference between the IR and BFS groups in wound breaking strength, there was a trend towards greater wound breaking strength in the BFS-treated rats (2.62 +/- 0.44 N/mm2) when compared with the IR-treated rats (2.36 +/- 0.38 N/mm2) (see Table 2).
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Flap Necrosis
Utilizing the same rationale as in the tensile strength model, to identify a statistically significant difference (P<0.05) of as little as 10% (assuming a standard deviation of 10%), then at least 10 animals were needed per group. To account for possible unforeseen complications, particularly as the MacFarlane flap procedure is a more invasive procedure, 40 rats were used. The rats were anesthetized using .6 cc of Nembutal per 100 mg of body weight.  After anesthetizing the rats, a 4 x 10 cm MacFarlane flap was surgically induced in the rats (see Figure 6).  The flap edges were then surgically closed using 10 surgical staples (1 staple per 0.5 cm of the incision).  Seven rats did not recover from the anethesization.  The remaining 33 rats were assigned a number, placed in individual cages, and randomly assigned to a treatment group (12-BFS, 12-IR, 9-control).  The treatment protocol for the three groups was the same as for the tensile strength groups.

At 16 days, the rats were removed from their respective cages and anesthetized using 0.6 cc of Nembutal per 100 mg of body weight.  After the rats were fully anesthetized, they were euthanized using 1 cc of Euthasix, a mixture containing 1 cc Potassium Chloride/Nembutal solution, and 2 cc’s saline solution.  The MacFarlane flaps were removed and placed on a standard 4 x 10 cm template (see Figure 7).  The flaps were examined for areas of necrosis and marked with a surgical pen and photographed with a Sony digital camera.  The numbered digital images were then transferred to Image Pro Plus (version 3.0.01.00 for Windows95/NT) program and measured (utilizing the measurements command in the measure window) for total area of necrosis.  Measurement was done blindly, having only flap number and not treatment group, to control for any experimenter bias.  Necrosis area was then converted to percent necrosis on each flap.
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The results indicated that only the BFS radiation had a significant effect on percent necrosis in MacFarlane flaps when compared to controls (see Table 3).  Additionally, while not statistically significant, there was a trend towards less percent necrosis in the BFS radiated rats (22.0% +/- 11.8%) compared to the IR radiated rats (30.3% +/- 10%) (see Table 4).
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