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April 1, 1999 
 
 
John Whyte, MD, MPH 
Medical Officer 
Coverage and Analysis Group 
Health Care Financing Administration 
S3-11-26 
7500 Security Boulevard 
Woodlawn, MD 21244 
 
 
RE:  APTA Response to ECRI January 23, 1998 Letter and October 

14, 1998 Memorandum from Dr. Kamerow (AHCPR), Center for Practice 
and Technology Assessment 

 
Dear Dr. Whyte: 
 
In April, 1996, ECRI prepared a technology assessment for HCFA entitled Electrical 
Stimulation for the Treatment of Chronic Wounds". On the basis of the ECRI assessment, 
HCFA issued a national coverage decision denying Medicare reimbursement for the use of 
electrical stimulation (ES) for the treatment of wounds. The American Physical Therapy 
Association (APTA) and five named individuals filed civil action against the Secretary of 
HHS and the HCFA Administrator and were successful in obtaining an injunction of 
HCFA's national coverage decision (November, 1997). In January, 1998, at HCFA's request, 
ECRI wrote a letter to HCFA addressing the Court's decision. (ECRI's letter focused only on 
two specific technical issues in the Court's decision). On August 8, 1998, HCFA requested an 
AHCPR Center for Practice and Technology Assessment opinion on ECRI's evaluation of the 
court's decision. When it discovered that HCFA had made such a request of AHCPR, APTA 
submitted materials to AHCPR that telephone communication confirmed would not be part of 
AHCPR's evaluation since these were materials HCFA had not forwarded to the agency. 
These materials included an APTA position paper; APTA's proposed coverage policy 
(submitted to HCFA at the request of the HCFA); the court decision; correspondence from 
primary investigators in five electrical stimulation studies clarifying the treatment received 
by the control groups in each of the studies; four studies of electrical stimulation in the 
treatment of wounds; an excerpt from the AHCPR Clinical Practice Guideline #15 relative to 
electrical stimulation; two lists of references (totaling 57 articles); and four relevant case 
studies involving wounds of Medicare beneficiaries treated with electrical stimulation. 
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The purpose of this letter is to follow up on our meeting of January 13, 1999, to discuss 
literature relative to the use of electrical stimulation of the treatment of wounds since it was 
HCFA's expressed intent to issue a coverage decision based on scientific evidence relative to 
this issue. During this meeting, APTA representatives submitted a list of 28 references 
(attached) that represented controlled trials and randomized controlled trials that studied the 
effectiveness of the treatment of wounds. During the meeting, APTA discussed 13 of those 
CTs and RCTs as well as one yet-to-be published meta-analysis of 15 studies relative to the 
same issue. Also at that meeting, there was some discussion of the AHCPR Clinical Practice 
Guideline #15, Treatment of Pressure Ulcers, as well as the ECRI letter of January 23, 1998 
and the AHCPR Center for Practice and Technology Assessment letter reviewing the ECRI 
evaluation. During this meeting, HCFA requested APTA's official response to the AHCPR 
review and the ECRI letter. This letter represents APTA's official response to those 
documents. 
 
ECRI Letter of January 23, 1998 
 
In a January 23, 1998 letter, at HCFA's request, ECRI analyzed the U.S. District Court 
decision regarding electrical stimulation in the treatment of wounds. ECRI did not dispute the 
key findings in the Court's opinion or the Court's conclusion that the ECRI report and other 
evidence in the administrative record did not support, and indeed "ran counter" to, HCFA's 
non-coverage decision. Rather, the ECRI letter addressed only the "specific technical issues" 
mentioned in a footnote in the Court's opinion. Unfortunately, the ECRI letter, while 
purporting to address what the Court termed a "definitional inconsistency" in the record, only 
confuses the issue further. Indeed, ECRI admits to imprecision and unfortunate wording in 
the technology assessment. In an effort to clarify, ECRI states that the terms "no therapy and 
minimal therapy are functionally equivalent." They also go on to state that the terms "passive 
therapy", "concomitant standard therapy", and "minimal therapy" mean the same thing. On 
the second page of their letter, ECRI acknowledges that "conventional care" includes topical 
agents, oral meds and pressure devices. Moreover, ECRI goes on to give these regimens as 
examples of "concomitant therapy", which it states carries the same meaning as "minimal 
therapy" and "passive therapy." In essence, ECRI's discussion of operational definitions 
results in equivalency of the terms "passive therapy", "concomitant standard therapy", 
"minimal therapy", "no therapy" and "conventional care". 
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The ECRI letter attempts to defend its statement that "there were no comparative studies of 
ES vs. conventional therapy." Again, however, ECRI completely misses the point: electrical 
stimulation is adjunctive therapy and, therefore, it is appropriate and meaningful to compare 
conventional care plus electrical stimulation to conventional care alone. Indeed, it would be 
unethical (and also impractical) to halt conventional care when electrical stimulation is 
introduced as a treatment regimen. It is widely known that it would be considered unethical 
for studies to be done using human subject design that compared the studied procedure to no 
treatment at all. The absence, therefore, of so called "head-to-head" studies is understandable 
and expected. Given ECRI's apparent acknowledgement that no patients should go untreated, 
its statement that "one's study must contain a group of patients that received only electrical 
stimulation and a group that received only conventional therapy" defies common sense and 
practical reality. The existing studies of ES do compare ES to conventional care in the only 
way that is practical and appropriate from a patient care standpoint, and ECRI does not 
dispute the fact that, as the Court noted, "the ES studies are about as good as one usually gets 
in this area." Therefore, the ECRI statement that there are no comparative studies of electrical 
stimulation vs. conventional care is wrong, and the letter's suggestion that a study must 
compare "ES alone vs. conventional therapy" in order to be "comparative" continues to miss 
the point.   
 
October 14, 1998 ACHPR Center for Practice and Technology Memorandum 
 
The AHCPR Center for Practice and Technology Assessment memorandum also falls short in 
adding to the meaningful discussion of this issue. That memorandum provides a short, two-
paragraph discussion of the ECRI evaluation of the U.S. District Court memorandum and 
order, and then a four-page discussion of documents APTA submitted to AHCPR when it 
discovered HCFA had requested this AHCPR analysis. Dr. Kamerow's letter discusses three 
sections of a four-section APTA position paper and four published articles pertinent to the 
use of electrical stimulation in the treatment of chronic wounds.1 
 
Unfortunately, Dr. Kamerow's letter contains numerous errors which detract from, rather than 
contribute to, a better understanding of the central issue, i.e., the effectiveness of electrical 
stimulation in the treatment of chronic wounds. For example, on page 2, Dr. Kamerow states 
ECRI used "the terms 'passive therapy', 'concomitant standard therapy' and 'personal therapy' 
to all mean the same thing." This terminology further distorts the discussion referenced 
hereinabove relative to the use of terms by ECRI. The term "personal therapy" is not used by 
ECRI nor does it appear in any of the materials reviewed by Dr. Kamerow. One is therefore 
at a loss to discover where that term came from. And it does nothing to help clarify the 
analysis, or aid in the discussion, of the central issue. 
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Dr. Kamerow also errs in several ways in his discussion of his own agency's Clinical 
Practice Guideline #15, Treatment of Pressure Ulcers (AHCPR, 1994). He correctly 
represents that the AHCPR panel recommendation supporting the use of electrical 
stimulation in the treatment of wounds was made on the basis of "Level B evidence", but he 
incorrectly characterizes Level B evidence as "observational studies". AHCPR Clinical 
Practice Guideline #15 states that Level B strength of evidence is considered to exist when 
"results of two or more controlled clinical trials on pressure ulcers in humans provide 
support, or when appropriate, results in two or more controlled trials on an animal model 
provide indirect support" (Clinical Practice Guideline #15, Treatment of Pressure Ulcers, 
AHCPR, 1994, page 18). Dr. Kamerow goes on to write that the total number of patients in 
these clinical trials were "only 147". 
 
Dr. Kamerow then claims that because of this small number, these trials "were not adequately 
powered studies or persuasive because of other methodological flaws." In statistics, lack of 
"power" means that a study did not detect a significant difference between groups when a 
significant difference did indeed exist. This is a so-called Type II error, and can occur if a 
sample size is too small to detect a small, but real, effect.  However, the studies that Dr. 
Kamerow claims contained "only 147" subjects did detect significant differences between 
electrically stimulated groups and non-stimulated groups.   
 
Therefore, the claim of inadequate power is an unjustified criticism. Moreover, Dr. 
Kamerow's "review" mentions "other methodological flaws" in these studies, but fails to 
specify the nature of such alleged flaws.   
 
Moreover, it is important to note that in the recent article published in January of 1999 
Ostomy/Wound Management, 1999; 45(suppllA): 94S-106S, Dressings and Adjunctive 
Therapies: AHCPR Guidelines Revisited, Lisa G. Ovington, PhD, CWS, which we 
previously submitted to you, Dr. Ovington concludes that the strength-of-evidence rating for 
electrotherapy in stage 3 and 4 recalcitrant pressure ulcers "should perhaps advance from B to 
A based on the five original randomized controlled trials plus the 1994 trial."  It should be 
noted that the 1994 AHCPR Clinical Practice Guideline #15 defined a strength-of-evidence 
rating of A on the basis of "results of two or more randomized controlled clinical trials on 
pressure ulcers in humans." It is clear that the literature supporting electrical stimulation in 
the treatment of pressure ulcers warrants a strength-of- 
evidence A rating.  As mentioned, APTA submitted four published articles to AHCPR when 
it was discovered that HCFA had requested an analysis of materials by AHCPR. The four 
studies were: Wood, et al; Stefenovska et al; Stiller, et al; and Kloth and Feedar. We 
discuss below these studies as relevant to the AHCPR comments. 
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1. The Wood article (reference #19) described use of ES in the treatment of 43 

ulcers in 41 patients with a chronic ulcer refractory to standard nursing care 
(unspecified) compared with sham treatment of 31 ulcers in 30 patients. The study 
was performed using a common protocol. 
 

Dr. Kamerow's comment: In essence this study demonstrated 58% of the ES treatment 
ulcers healed in 8 weeks vs only one (3%) healed in the untreated group. The study 
demonstrated that ES promoted healing (which concurs with the ECRI report) but says 
nothing about what further treatment may have accomplished in the untreated control 
patients. " 
 
Dr. Kamerow's comment is not in reality a substantive criticism, He takes the paper to task 
for not "prophesizing" what further treatment may have accomplished in what he labels "the 
untreated control patients." However, there were no untreated control patients, since all 
patients received, as Dr. Kamerow indicated, "standard nursing care".  The experimental 
group received, in addition to this standard care, a course of electrical stimulation clearly 
specified in the paper. Moreover, since almost all patients in the control group had not shown 
any improvement over the eight weeks of the study (as summarized by Dr. Kamerow), 
criticism for not attempting to guess what might have happened had they continued receiving 
this standard treatment seems immaterial and unjustified.  
 
2. The Stefenovska article (reference #20) described use of ES in addition to 

conventional treatment (unspecified) in 100 treated patients and 50 non-ES patients 
as controls. The data strongly supported the hypothesis that ES contributed to the 
faster healing of decubitus ulcers. 

 
Dr. Kamerow's comment: "The authors took great pains to emphasize that the initial 
pretreatment lesions had great variability and that it was impossible to vary only one 
parameter." 
 
The following text is taken from the conclusion of the article: 
 

"In the work presented, we have paid particular attention to the role of only one parameter: electric 
currents yes or no? We have been compiling data for six years and we are now able to say that the 
AC current we have applied had a stronger influence on healing than all other parameters.  
Furthermore, an arbitrarily chosen wound has a chance of healing twice as fast when treated with 
AC treatment. In practice, however, this means that it is possible that some wounds will not benefit 
at all, while others will heal at even more than twice the normal rate. Can we say then that we have 
proved the efficacy of AC treatment in pressure sore healing? The answer is no because it does not 
hold true for every sore: the truth is simply only for simple systems, and not for systems as complex 
as biological ones. In these systems, what is true is true only under certain circumstances.  Therefore, 
we have to acquire data for all particular cases. 
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A further explanation for acquiring new data is that we may wish to optimize the treatment, for 
example, to find the optimal stimulation current, primal electrode placement, or to determine whether it 
is optimal to stimulate only two hours a day or whether it is better to apply ES overnight.  It is clear that 
the quantity of experimental data we need is vastly increasing." 

 
Dr. Kamerow's comment: "I agree with the authors that the efficacy of AC treatment for 
pressure ulcers is not proven and more data are needed." 
 
It is interesting from the above that despite the paper reporting such obvious benefits of 
electrical stimulation, Dr. Kamerow focuses on one comment by the authors and concludes 
that the paper does not show efficacy of electrical stimulation. However, upon more in-depth 
analysis it is clear that the authors were describing what is meant by the term "average". That 
is, on average the healing rate of ulcers treated with electrical stimulation was double that of 
the non-ES group. The authors go on to say this average doubling means that some ulcers 
might not heal, while others might actually heal four times quicker. Since the "average" 
means that not all ulcers heal at the same rate, it is impossible to predict which ulcer will heal 
more rapidly or which ulcer will heal more slowly. Dr. Kamerow parlays this simple 
statement of statistical fact into meaning that this study has not shown efficacy, when in fact 
it has. ("An arbitrarily chosen wound has a chance of healing twice as fast when treated with 
AC treatment"). 
 
3.  The Stiller article (reference #18) was a RCT involving 31 patients, each having a 

recalcitrant ulcer. Eighteen patients were randomized to active ES treatment and 
13 to the placebo group. Eight treatment centers participated in the trial, and the 
different centers applied varying ancillary treatments in addition to the daily 
treatment with the active or placebo ES device (which were indistinguishable to 
patients and investigators). Results demonstrated statistically significant 
improvement in healing in patients treated with the active device. Fifty percent of the 
ES treated ulcers healed or markedly improved compared with none in the placebo 
group. 
 

Dr. Kamerow's comment: "These positive results await confirmation in trials with larger 
numbers of patients. The treatment of18 patients in 8 different centers is inherently 
problematic." 

 
 
 
 
 
 
 
 
 
 



John Whyte, MD, MPH 
April 1, 1999 
Page 7 
 
 
Dr. Kamerow states the number of patients studied (he reduces the original 31 to 18), and 
then claims that these are not enough. He then states that since this was a multicenter trial, 
this treatment "is inherently problematic". Clinical research literature abounds with 
multicenter studies since results indicate that findings are not peculiar to a particular location 
but have generalizability, which is a strength. Lastly, while Dr. Kamerow states: "These 
positive results await confirmation in trials with larger numbers of patients", he apparently 
ignores the two previous studies that total 221, plus the previous 147 mentioned at the 
beginning of his summary. Therefore, even if no other clinical research papers in this area are 
considered (and there are indeed many more), Dr. Kamerow's review of these four papers 
describes sample sizes of 147, 31, 150, and 71, for a total of 399 patients. 
 
4. The Kloth and Feedar article (reference #10) described a clinical trial involving  

treatment of patients and untreated controls all of whom were unresponsive to 
unspecified prior treatments. Necrotic tissue in both groups was debrided manually 
and with enzymes. Three patients in the control group were given sham treatments.   
Results of the study supported the hypothesis that ES enhances the rate and extent of 
wound healing, although additional studies are required to determine the optimal 
number and duration of treatments. 

 
Dr. Kamerow's comment: "This study (of only 9 patients) also supports the claim that   
ES promotes healing of skin ulcers. This concept is not contested by anyone. The issue for  
HCFA that has been highlighted by the ECRI report is the lack of persuasive evidence that 
ES is better than conventional or other alternative treatments. " 
 
Dr. Kamerow again misrepresents the number of patients in the study. In addition to the 
nine treated, there were seven "controls" to whom the ES was compared. All patients in 
the "treatment group" healed completely. 
 
Patients in the "control group", none of whom had healed in the time the "treatment group" 
did (in many, the condition worsened), were then given ES. All in this "crossover group" 
healed in the next 8.3 weeks. Therefore, although Dr. Kamerow describes this as a study in 
nine patients, in actuality 100% closure was obtained in 16 patients. This experiment, 
therefore, is a classic crossover design and clearly demonstrates benefit.  We would agree 
with Dr. Kamerow when he states that this is a study which "supports the claim that ES 
promotes healing of skin ulcers", and that this claim "is not contested by anyone." There is no 
question that ES is of benefit. 
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We find distressing Dr. Kamerow's comment that there "is the lack of persuasive evidence 
that ES is better than conventional or other alternative treatments" for these reasons. First, Dr. 
Kamerow's statement is not consistent with studies he reviewed. All four of the studies he 
reviewed, (plus the multitude of others that are in the literature but not reviewed here), 
compared ES to "conventional treatment", or to "standard nursing care" (depending upon 
terminology). The above-described difficulty with definitional terms notwithstanding (see 
discussion of ECRI review and opinion of court decision), these four papers describe with 
some detail, what is meant by "conventional treatment" or "standard nursing care." Moreover, 
all these patients had proven refractory to such treatment. Since these wounds had already 
been determined to be non-responsive to such treatment, we hold that this is "persuasive 
evidence that ES is better than conventional or alternative treatments." Second, as the Court's 
opinion makes clear, the evidence necessary for coverage need only show that electrical 
stimulation is effective; a finding of superiority is not required. 
 
Summary/Conclusion: 
In the relatively short meeting conducted on January 13 between HCFA representatives and 
representatives of the American Physical Therapy Association, 13 studies were discussed 
which contained a total "n" of 753 patients. In addition, the Franz-Gardner Meta-Analysis 
(submitted for publication) that included 15 studies (nine RCTs and six CTs) and an "n" 
of803 (591 treatment; 212 controls) concluded conservatively that ES provides a healing rate 
144 percent better than the controls. It should also be noted that during our discussion, it was 
pointed out several studies involved the use of a crossover methodology employing ES when 
it was demonstrated that conventional care was not effective in closing a wound or when, 
despite conventional care, the wound was getting worse. In nearly every instance, the 
crossover methodology resulted in improved healing of the wound, and in many cases, the 
wound moved to full closure. 
 
On the basis of an evidence-based review, it is shown then that there are improved health  
outcomes from using this therapy, that the benefits outweigh the risks and that there is 
evidence of improved health outcomes for not only some, but the majority of patients.    
Most types of electrical stimulation are more effective than minimal therapy (a term which 
ECRI itself used synonymously with "concomitant standard therapy"). 
 
Based on the foregoing discussion, on the review of the literature and the benefit to the 
considerably needy patient population, APTA urges HCFA to move rapidly toward the 
development of a positive national coverage policy decision which recognizes and 
reimburses for the use of electrical stimulation in the treatment of wounds as an adjunctive 
therapy when it has been shown that conventional care has failed. 
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APTA appreciates the opportunity to respond to these materials and opinions and remains 
willing to continue a dialogue with HCFA that will result in this positive coverage decision 
for this effective therapy which can benefit patients with intractable chronic wounds. 
 
Sincerely, 
 

 
 
 
Jerome B. Connolly, PT 
Senior Vice President 
Health Policy 
 
 
1 I would note in this regard that ACHPR had previously advised APTA that the material it submitted 
would not be part of AHCPR's evaluation since these were materials HCFA had not forwarded to that 
agency. 
 
 
Attachment 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



REFERENCES 
 

l. Barker AT. Measurement of direct currents in biological fluids.  Med Biol Eng 
Comput. 19:507 - 508, 1981. 

 
2.  Barker AT. Jaffe LF, Vanable JW. The glabrous epidermis of cavies contains a 

powerful battery. Am J Physiol. 11:R358 - R366, 1982. 
 
3. Cunliffe-Barnes T. Healing rate of human skin by measurement of electric 

potential of experimental abrasions; study of treatment with petrolatum and with 
petrolatum containing yeast and liver extracts. Am J Surg. 69: 82 - 88, 1945. 

 
4.  Foulds IS, Barker. Human akin battery potentials and their possible role in wound 

healing.  Br J Dermatol 109: 515 - 522, 1983. 
 
5. S. Jaffe LV, Vanable JW. Electric fields and wound healing. CIin Dermatol, 2: 34 

- 40, 1984. 
 
6.  Winter, GD. Movement of epidermal cells over the wound surface.   Adv Bio 

Skin, 5: 113, 1964. 
 
7.  Borgens, RB, Vanable JW, Jaffe LF: Bioelectricity and regeneration: Large 

currents leave the stumps of regenerating new limbs. Proc Natl Acad Sci74: 4528 
- 4532, 1977. 

 
8. Cooper MS, Schliwa M: Electrical and ionic controls of tissue cell locomotion in 

DC electric fields. J  Neurosci Res: 33: 223 - 244, 1985. 
 
9.  Ericson CA, Nuccitalli R: Embryonic fibroblast motility and orientation can be 

influenced by physiological electric fields. Cell Biol 98: 296 - 307, 1984. 
 
10.  Winter GD: Movement of epidermal cells over the wound surface. Adv Biol Skin 

5: 113, 1964. 
 
11.  Fukushima K., Seada N, Inui H., et.al: Studies of galvanotaxis of leukocytes. Med 

J Osaka Univ 4: 195-208, 1953. 
 
12. Dineur B: Note sur la sensibilitie des leukocytes a l' electricite. Bull Seances Soc 

Belge Microscop(Bruxelles) 18:113-118, 1981. 
 
13. Monguio J: Uber die polar wirkung des galvanischen stromes suf leukozyten. Z 

Biol 93: 553-557, 1933. 
 
14. Qrida N, Feldman JD: Directional protrusive pseudopodial activity and motility in 

macrophages induced by extracellular electric fields. Cell Motil 2: 243-255, 1982. 
 



 
 
15. Weiss, DS, Eaglstein WII, Falange V: Pulsed electrical stimulation decreases scar 

thickness at split-thickness graft donor sites. J Invest Dermatol 92:539, 1989.  
 
16. Reich J, Cazzaniga A. Mertz PL. The effect of electrical stimulation on mast cell 

proliferation and subsequent fibrosis(abstract). In 3rd International Symposium on 
Tissue Repair, Miami, FL January 1990. 

 
17.  Cruz, NI, Bayron FE, Suarez AJ: Accelerated healing of full-thickness burns by 

the use of high-voltage pulsed galvanic stimulation in the pig. Ann Plast Surg 23 
(1): 49-55, 1989. 

 
18.  Alvarez OM, Mertz P, Smerbeck R, et al: The healing of partial thickness wounds 

is stimulated by external electrical current (abstract). Clin res 30 (2): 574A, 1982. 
 
19.  Bach S., BiJgrav K. Tawfiq T, et al: Effect of electric stimulation on healing of 

incisional wounds in skin (abstract).  In Biological & Clinical Aspects. Presented 
at 2nd International Symposium on Tissue Repair, Tarpon Springs, FL 1987.  

 
20. Falanga V, Bourguignon GJ, Bourguignon LYW: Electrical stimulation increases 

the expression of fibroblast receptors for transforming growth factor-
beta(abstract). Proceedings of the 2nd International Symposium on Tissue Repair, 
Tarpon Sprints, FL, 1987. 

 
21. Bassett CAL, Herrmann J: The effect pf electrostatic fields on macromolecular 

synthesis by fibroblasts in vitro(abstract). J Cell Bio 39: 9A, 1968. 
 
22. Bourguignon GJ, Bourguignon LYW: Electric stimulation of protein and DNA 

synthesis in human fibroblasts. FASEB 1:398, 1987. 
 
23. Pollack S: The effects of pulsed stimulation on failing skin flaps in Yorkshire pigs 

(abstract). Presented at the Bioelectrical Repair and Growth Society, Cleveland, 
OH, 1989. 

 
24. Im MJ, Lee WPA, Hoopes JE: Effect of eIectrical stimulation on survival of skin 

flaps in pigs. Phys Ther 70(1): 37-40, 1990.  
 
25. Hecker B., Carron H., Schwartz D:  Pulsed galvanic stimulation: Effects of 

current frequency and polarity on blood flow in healthy subjects. Arch Phys Med 
Rehabil 66: 369-371, 1985.  

 
26. Dooley DM., Kasprak M: Modification of blood flow to the extremities by 

electrical stimulation of the nervous system. South Med J 69: 1309-1311, 1976. 
 
 



 
 
27. Kaada B: Mechanisms of vasodilation evoked by transcutaneous nerve 

stimulation (TNS) (abstract).  Acupunct Electro-ther Res Int J 10: 217-219, 1985.  
 
28. Kaada B: Vasodilation induced by transcutaneous nerve stimulation in peripheral 

ischemia (Raynaud's phenomenon and diabetic polyneuropathy). Eur Heart J 3: 
303-314, 1982. . 

 
29. Karba R, Stefanovska A., Savrin R, et al: Effects of electrical current on healing 

and bacteria growth in decubitus ulcers (abstract).  In 3rd International Symposium 
on Tissue Repair, Miami, Fl, 1990.  

 
 
30. Rowley BA: Electrical current effects on E. coli growth rates. Proc Soc Exp Biol 

Med 139: 929 - 934, 1972.  
 
31. Rowley BA: Investigation of the effects of low intensity electrical currents on 

wound infection and healing (abstract). Preparation for Army Medical Research 
and Development Command, February 1974, pp 1 - 25.  

 
32.  Rowley BA, McKenna J, Chase G: The influence of electrical current on an 

infecting microorganism in wounds. Ann NY Acad Sci 238: 543 - 551, 1974. 
 
33. Bolton L., Foleno B, Means B: The effects of direct current stimulation on 

microorganisms in repairing wounds. Bioelect Repair Growth Soc 1: 7, 1981. 
 
34.  Karba, R., Stefanovska, A., Savrin R. et al: Effects of electrical current on healing 

and bacteria growth in decubitus ulcers (abstract). In 3rd International 
Symposium on Tissue Repair, Miami, FL, 1990. 

 
35. Sawyer, PN: Bioelectric phenomena and intravascular thrombosis: The first 12 

years. Surgery 56(5): 1020-1026, 1964.  
 
36. Sawyer, PN. Deutch B: The experimental use of oriented electrical fields to delay 

and prevent intravascular thrombosis. Surg Forum 5: 173-178, 1955.   
 
37. Sawyer PN, Deutch B: Use of electrical currents to delay thrombosis in 

experimental animals. Am J Physiol187 (3): 473 - 478, 1956. 
 
38. Carey LC, Lepley Jr D: Effect of continuous direct electric current on healing 

wounds. Surg Forum 13: 33-35, 1962. 
 
39. Williams RD, Carey LC: Studies in the production of "standard” venous 

thrombosis. Ann Surg 140(3): 381-387, 1959.  
 



 
 
40.  Carey LC, Lepley Jr D: Effect of continuous direct electric current on healing 

wounds. Surg Forum 13: 33 - 35, 1962. 
 
41. Cooper MS, Schliwa M: Electrical and ionic controls of tissue cell locomotion in 

DC electric fields. J Neurosci Res 13: 223-244, 1985.  
 
42. Lundeberg T, Kjartansson, J, Samuelsson, U: Effect of electrical nerve 

stimulation on healing of ischemic skin flaps. Lancet 2: 712-714, 1988.  
 
43. Pethig R: Electrical properties of biological tissue. In Marino A (ed): Modern 

Bioelectricity. New York, Marcel Dekker, 1988, pp 125-179.  
 
1. Wood, JM, Evans PE III, Schallreuter KU, Jacobson WE, Sufit R., Newman J, 

White C. Jacobson M. A multicenter study on the use of pulsed low-intensity 
direct current for healing chronic stage II and stage III decubitus ulcers.  Arch 
Dermatol 19932 Aug; 129(8):999-1009. (PC v. sham therapy). 

 
2. Feedar JA, Kloth LC, Gentzkow GD. Chronic dermal ulcer healing enhanced with 

monophasic pulsed electrical stimulation. Phys Ther 1991 Sep; 71(9); 639-49. 
HVPC v. sham therapy. 

 
3. Gogia PJ, Marquez R.R, Minerbo GM. Effects of high voltage galvanic 

stimulation on wound healing. Ostomy Wound Manage 1992; 38: 29-35. HVPC v. 
Conventional therapy. 

 
4. Stiller MJ, Pak GH, Shupack JL, Thaier S, Kenny C, Jondreau L. A portable pulsed 

electromagnetic field (pEMF) device to enhance healing of recalcitrant venous ulcers: a 
double-blind, placebo-controlled clinical trial - Br J Dermatol 1992 Aug; 127(2):147-
54. 

 
5. Salzberg CA, Cooper-Vastoia SA, Perez F, Viehbeck MG, Byrne DW. The 

effects of non-thermal pulsed electromagnetic energy on wound healing of 
pressure ulcers in spinal cord-injured patients: a randomized, double-blind study. 
Ostomy Wound Manage 1995 Apr:41 (3):42-4,46,48 passim.(PEE v. Sham 
therapy). 

 
6. Stefanovska. A, Vodovnik L, Benko H, Turk R. Treatment of chronic wounds by means 

of electric and electromagnetic fields. Part 2. Value of FES parameters for pressure sore 
treatment. Med Biol Eng Comput 1993 May;31 (3 ):213-20. (PC v. conventional 
therapy). 

 
7. Kloth LC, Feedar JA. Acceleration of wound healing with high voltage, 

monophasic, pulsed current [published erratum appears in Phys Ther 1989 Aug; 
69(8):702]. Phys Ther 1988 Apr; 68(4):503-8. (HVPC v sham therapy). 

 



 
 
 
8. Baker, L., Chambers, R., DeMuth, S., Villar, F. Effects of electrical stimulation 

on wound healing in patients with diabetic ulcers. Diabetes Care March 1997: 
20(3): 405-412.  

 
9. Baker, L.. Rubayi, S., Villar, F., DeMuth, S. Effect of Electrical Stimulation 

Waveform on healing of ulcers in human beings with spinal cord injury. Wound 
Repair and Regeneration 1996 4: 21-28.--pulsed. 

 
10. Frantz., R. Nursing Intervention: Healing Pressure Ulcers with TENS, submitted 

for publication (1997). 
 
11. Unger, P. A Controlled Study of the Effect of High Voltage Pulsed Current 

(HVPC) on Wound Healing, submitted for publication to Phys Ther, June 1997 
 
12. Zuder, D., Steins, A., Klyscz, T., Hafner, H.M., Junger, M. Treatment of Venous 

Leg Ulcers by Low Frequency Pulsed Electrical Current (Dermapulse). 
 
13. Alon, G. Azaria, M., Stein, H. Abstract Phys Ther 66: 775, 1986. 
 
14. Unger, P. A Clinical Trial of the Effect of High Voltage Pulsed Current (HVPC) 

on wound healing, Center for Advanced Wound Care (June 1997).        


