PRIVATE 
Methods

To analyze the effect of combined EMR on wound healing, we examined the wound healing process in Sprague-Dawly rats.  Experiments obtained by the manufacturer of the combined EMR device have reported improvements in wound healing nearly 50% better than controls (Kun, et. al., 1995).  These experiments, however, lacked appropriate controls.  To examine if these claims could be replicated in a controlled research setting, the following protocol was established.  

As per manufacturer’s treatment methods, rats were exposed twice daily.  The distance from the device to the wound and the duration of exposure varied and did not appear to have been methodically optimized in any one study.  A device to wound 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.  After some preliminary comparisons of temperature generated at various distances and settings, a device to wound distance of 40 cm was chosen at the medium continuous setting for the combined EMR device.  The IR lamps were adjusted to approximate the same heat generated at a device to wound distance of 40 cm.  To monitor the heat generated during treatment, thermometers were placed in the treatment cages.  The temperatures were held constant (between 30 and 31 degrees Celsius) between the combined EMR and IR groups.  

To accomplish treatment in a timely and consistent fashion, six rats from the same treatment group were placed together in treatment cages and treated simultaneously.  Although this did not ensure precise and equal exposure for each wound, the treatment conditions were identical for both combined EMR and IR treated animals.  Additionally, to control for the potential impact of social interaction (including behaviors such as preening of the wound and establishment of dominance), on wound healing in group treatment sessions, rats in the control group were placed together in a treatment cage twice a day for 30 minutes in the same manner as those undergoing EMR therapy.  Between treatment sessions, all rats were housed individually in standard cages and were given an ample supply of food and water ad lib.

We utilized two types of wounds, a simple midline incision and a McFarlane flap.  After treatment, the strength of wound healing in the simple incision model was measured for tensile strength, i.e., the amount of force needed to break the tissue at the wound site.  Similarly, the McFarlane flap was measured for necrosis.  These aspects of wound healing have well-documented animal models which can be utilized to evaluate the influence of combined EMR electromagnetic radiation (Doillon, C., 1985; Kaufmann, 1984; and Nolan, 1985).  The simple incision and McFarlane flap processes are presented below.

PRIVATE 
Flap Necrosis
The survivability of a McFarlane Flap, a caudally-based pedicle flap including the panniculus (McFarlane, R., 1965), provided an additional model to assess wound healing in general and angiogenesis in particular.  In experiments designed to measure flap survival, flaps from control animals underwent between 29 and 58% necrosis, up to 46 to 78% necrosis in rats exposed to deleterious experimental conditions, e.g., smoking (Kaufmann, 1984; Nolan, 1985).  To evaluate improvement rather than a negative impact, the flap utilized in this experiment was slightly modified (shortened base and extended length to provide a longer, narrower flap) to increase necrosis.  The modified flap was designed for a greater potential for improvement and a more sensitive measure of any possible benefit from treatment.

In an effort to obtain a statistically significant difference (p<0.05) of as little as 10% between groups (given a standard deviation of 10%), 10 animals were needed per group.  Using three groups of 10 rats each and accounting for loss of group members from the study through a variety of factors, it was determined that 40 rats were needed to conduct the McFarlane flap portion of the experiment.  The rats were anesthetized using 0.6 cc of Nembutal per 100 mg of body weight.  After anesthetizing the rats, a 4 x 10 cm McFarlane flap was surgically induced in the rats.  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 rats were assigned a number, placed in individual cages, and randomly assigned to 1 of the 3 treatment groups (12-combined EMR, 12-IR, 9-control).  The treatment protocol for the three groups was the same as for the tensile strength groups. 

At 17 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/Sodium Pentobarbital solution, and 2 cc’s saline/methylene blue solution.  The McFarlane flaps were removed and placed on a standard 4 x 10 cm template.  The flaps were examined for areas of necrosis, 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 Windows 95/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 experimenter bias.  Necrosis area was then converted to percent necrosis on each flap.

PRIVATE 
Tensile Strength
Wound tensile strength is a measure of the amount of force required to break the tissue at the wound site.  To measure wound tensile strength, (as well as a number of other biomechanical properties), tissue samples are placed in a tensiometer and pulled until they lose elasticity.  The force (in Newton’s) required to break the tissue is normalized for the area of wound tissue to determine the amount of strength (force/area) at the wound site. 

In an effort to obtain a statistically significant difference (p<0.05) of as little as 10% between groups (given a standard deviation of 10%), 10 animals were needed per group.  Using three groups of 10 rats each and accounting for loss of group members from the study through a variety of factors, it was determined that 35 rats were needed to conduct the simple incision portion of the experiment.  The rats were anesthetized using 0.6 cc of Nembutal per 100 mg of body weight.  After anesthetizing the rats, a 3 cm midline, dorsal incision was made using a standard template.  The incision was then surgically closed with 6 microsurgical clips (1 clip per 0.5 cm of incision).  After the rats had recovered from the anesthesia, they were given a number, placed individually in standard cages, and randomly assigned by to 1 of the 3 treatment groups.  Twelve rats each were assigned to both the IR and combined EMR treatment groups, and 11 rats were assigned to a control group.

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/Sodium Pentobarbital solution, and 2 cc’s saline/methylene blue solution.  The incision area was shaved of excess hair, and three 0.9 cm x 3 cm strips across the wound area were removed.  An additional 0.3 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 then stored in saline solution at 4 degrees Celsius overnight until analysis.

To examine the wound breaking strength of the wound area, an Instron 5100 tensiometer was used.  The numbered samples were placed in the tensiometer and stretched until the tissue separated (breaking strength).  The force at the breaking point was then normalized for width and thickness by calculating the force per wound area (Newton’s per mm2). 
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