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Purpose: The overall objective of this study is to identify and appraise all of the existing clini-

cal research literature that has evaluated the effect of electrical stimulation therapy (EST) on 

wound healing outcomes in adults with various types of chronic wounds.

Methods: A systematic and comprehensive search of four electronic databases and gray literature 

was carried out, and references included in related review articles were checked. Prospective and 

controlled clinical trials, systematic reviews (SRs), and meta-analyses that assessed the effects 

of EST on wound healing outcomes were described and appraised. A total PRISMA score was 

assigned for each included SR based on criteria included in the assessment of multiple systematic 

reviews (AMSTAR) measurement tool. The percentage of available research that was identified 

in the SR was also calculated.

Results: Sixty-two clinical research studies involving 2082 patients with pressure ulcers, venous 

leg ulcers, diabetic foot wounds, and arterial/ischemic wounds, and ulcers of mixed etiology 

were located. Thirty-three of the studies with 1370 patients compared wound size reduction after 

EST to a control group. Eighteen reviews that used a systematic approach to identify, select, and 

evaluate published studies on this topic have yielded conflicting results. Poorer quality SRs with 

a low total PRISMA score were more likely to yield negative or inconclusive findings. Most 

of these low-quality SRs had very vague research questions and included less than 50% of the 

available literature that was known to exist. Results from 22 well-designed randomized clinical 

trials and 10 high-quality SRs consistently support that EST can stimulate faster wound size 

reduction and/or produce a greater number of closed wounds compared to a group of similar 

patients receiving either standard wound care or sham EST.

Conclusion: Pooled results from well-conducted SRs provide strong support for the use of 

EST on various types of chronic wounds and pressure ulcers in particular.

Keywords: electrotherapy, pressure ulcer, venous ulcer, diabetic foot ulcer, wound healing, 

systematic reviews

Introduction
Electrical stimulation therapy (EST) is an adjunctive therapy designed to deliver low 

levels of electrical current to tissues in and around the open wound.1 There are two or 

more oppositely charged electrodes placed on the surface of tissues which are composed 

of a variety of materials and come in different shapes and sizes. Some electrodes are 

custom designed for wound care, while others have been modified from other clinical 

uses. Different types of current (direct current, pulsed current) and a range of stimu-

lus parameters (duration, frequency, amplitude) can be selected to deliver electrical 

energy to the wound; in most instances, the current is unbalanced such as high-voltage 
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pulsed current (HVPC), and creates a small charge beneath 

the electrode.

Electrical energy is used for several clinical indications; for 

example, electrical activation of nerves and muscles is often 

employed in physical rehabilitation settings to modulate pain 

(called transcutaneous electrical nerve stimulation), activate 

muscles (neuromuscular electrical stimulation [NMES]), and/

or restore function (functional electrical stimulation [FES]). 

Therefore, EST for wounds is often described by clarifying what 

it is not. In addition, some devices initially designed for other 

purposes have been purported to indirectly promote wound 

closure.2–4 Another form of electrotherapy uses high-frequency 

radio waves (MHz) to generate electrical fields within wounded 

tissues – termed pulsed electromagnetic fields (PEMFs). 

PEMFs are generated via a single coil electrode that does not 

have to be placed in contact with the skin and induces the move-

ment of electrically charged molecules (such as electrolytes) 

in the local region. Since these other forms of electrotherapy 

are relatively new, clinical and experimental research is scarce, 

and it is not known if they have similar effects on healing as 

EST. Unfortunately, few reviews define exactly what is meant 

by EST, and therefore, different forms are combined.5

EST is not a new therapy. Rather, the first report that 

described that low levels of electricity can be harnessed to 

stimulate tissues in the wound bed and periulcer skin and 

promote wound closure was published in 1968.6 Since these 

initial reports, over 60 clinical reports and several hundred 

experimental studies have investigated the effect of EST on 

tissue repair processes.

Several best practice guidelines (BPG) have been directed 

toward the management of common types of wounds such as 

pressure ulcers, venous leg ulcers (VLUs), and diabetic foot 

wounds.7–15 BPG panels with international and interprofes-

sional representation have reviewed research related to a par-

ticular wound type and often assigned EST the highest level 

of research evidence and strongly support the use of EST in 

clinical practice.7–12 Some BPGs have not recommended EST 

because of the conflicting results that have emerged from a 

plethora of recent systematic reviews (SRs).13–16

SRs and meta-analyses
SRs and meta-analyses were introduced relatively recently 

as a novel research methodology that could help busy clini-

cians to stay abreast with current research trends.17 An SR is 

a review of a clearly formulated question that uses system-

atic and explicit methods to identify, select, and critically 

appraise relevant research, and to collect and analyze data 

from the studies that are included in the review.17 An SR is 

said to be well designed if it addresses a carefully crafted 

question, employs an objective and comprehensive search of 

the literature, applies predetermined criteria to select relevant 

articles, and critically appraises the included studies. When 

these steps are undertaken, all relevant research published 

within the dates set out in the review should be included. 

Meta-analysis refers to the statistical method used to 

synthesize results from a series of included studies.18 It 

requires an SR be completed initially to identify relevant 

and similar studies. If, and only if, the included studies have 

used a similar outcome measure, then results can be pooled, 

and an overall treatment effect can be estimated. When the 

pooled result is in favor of the intervention, it is considered 

the highest level of research evidence to support implementa-

tion of the treatment/intervention into clinical practice. The 

ability to combine smaller research studies allows researchers 

and clinicians to consider a body of evidence rather than a 

single multicenter trial. Correspondingly, meta-analyses and 

SRs are considered a higher level of evidence than a single 

large-scale randomized controlled trial (RCT).19 Compiling 

results via meta-analyses is also a practical way to evaluate 

the efficacy of treatment interventions rather than the more 

expensive and lengthy multicenter trials that are really only 

feasible when supported by large industries. These large-

scale studies that involve hundreds of subjects are seldom 

feasible, especially for medical devices. The placement of 

meta-analyses atop the hierarchy of clinical research evidence 

is dependent on the ability to combine results from several 

well-conducted clinical trials. Many studies that set out to do 

a meta-analysis are unable to calculate an overall effect for a 

particular intervention because similar outcome measures are 

not consistently employed. Needless to say, these methodolo-

gies that synthesize research are only as good as the clinical 

research that has been previously published in the field. In 

the wound healing field in particular, most of these reviews 

have yielded results that are inconclusive and author’s call for 

further research to be conducted. Tricco et al identified a total 

of 99 SRs that examined interventions/practices that were used 

to improve healing outcomes in people with various types of 

chronic wounds.20 They concluded that few treatments were 

consistently effective across all outcomes in the literature.20

Various scores have been developed to rate the meth-

odological quality of RCTs designed to test the benefit of 

clinical interventions.21,22 Through this evaluation, clinicians 

have become aware that flaws can exist in published research 

and that it is no longer assumed that all clinical trials are 

created equally. However, the same critical appraisal is not 

always applied to SRs and meta-analyses. As more SRs are 

www.dovepress.com
www.dovepress.com
www.dovepress.com


Chronic Wound Care Management and Research 2017:4 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

27

EST: appraisal of systematic reviews

published, greater disparities are found, and conflicting results 

are produced. This can be confusing to clinicians and panel 

members who are tasked with developing/updating best 

practice guidelines since they are unsure how to interpret the 

findings. This is particularly true in the case of the research 

that has evaluated advanced/adjunctive therapies designed 

to speed up the closure of chronic wounds.

An international panel of experts was convened in 2007, 

and using an established consensus process, developed a list 

of eleven key criteria of SRs and/or meta-analyses. A measure-

ment tool for the “assessment of multiple systematic reviews”23 

(AMSTAR) has been used by others to objectively appraise the 

quality of published SRs and meta-analyses20 – termed herein 

as the PRISMA score since it reflects “Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis”.17

Purpose of this study
The overall objective of this study is to identify and appraise 

existing clinical research that has examined the effect of EST 

on wound healing outcomes in adults with various types of 

chronic wounds.

Specifically, the review

1.	 compiles all research studies involving human subjects 

published before 2016 which have evaluated the effect of 

EST on wound healing of various chronic wound types;

2.	 performs a comprehensive literature search to find all 

the SRs and meta-analyses that have been published to 

date and evaluate the methodological quality of included 

reviews using the PRISMA tool;23 and

3.	 critically appraises clinical research that has been pub-

lished for three common types of wounds (pressure ulcers, 

VLUs, and diabetic foot wounds).

This study does not address the large amount of work 

that has been done regarding mechanism of cellular and 

physiological effects of E-Stim determined using animal or 

cellular research. A recent review written by Clark24 with a 

preface by Keith Harding states that “it is a technology that 

has significant research underpinning it that we should all 

be aware of ”.25 Readers are referred to a special issue of 

the journal Advances in Wound Care where several articles 

reviewed experimental research conducted using animal 

models and in vitro cell studies and described cellular and 

physiological mechanisms by which EST stimulates tissue 

repair and wound closure.26,27 In brief, EST has been shown 

to increase tissue perfusion and oxygenation due to increased 

local blood supply, reduced venous congestion, and enhanced 

capillary branching and angiogenesis. EST can also promote 

inflammation by enhancing white blood cell migration and 

infiltration into the site of injury (galvanotaxis), increasing 

the synthesis and release of chemical mediators, and enhanc-

ing phagocytosis and natural debridement of foreign and 

necrotic material. The application of EST to healing wounds 

stimulates collagen synthesis and organization that promotes 

deposition of new granulation tissue and creates better wound 

strength. EST-induced activation of reepithelialization and 

wound contraction have also been elucidated using both in 

vivo and in vitro experimental models.27 Collectively, this 

body of research shows that EST influences healing process 

via several mechanisms that are active in virtually every 

phase of tissue repair.26,27

Methodology
Five databases (CINHAL, PubMed, Medline, Embase, 

Scopus) were searched from inception to October 2016 for 

articles that met predetermined criteria. Table 1 provides a list 

of specific inclusion and exclusion criteria. An experienced 

librarian was contacted to develop a search strategy with a 

comprehensive list of keywords and MeSH terms. Briefly, 

these English-language articles evaluated the effect of EST 

on wound healing outcomes in subjects with open wounds 

of specific or mixed etiology, including but not limited to 

pressure ulcers, VLUs and/or arterial leg ulcers, or diabetic 

foot wounds. Articles included all forms of clinical studies 

involving human subjects such as case studies, uncontrolled 

prospective and retrospective cohort studies, RCTs and non-

RCTs, SRs, and meta-analyses. Clinical studies that were 

published in only abstract form, written in another language, 

or did not use the right type of EST were not included (a 

description of the types of EST addressed in this study is 

provided in the “Introduction” section). Each included study 

was carefully checked to confirm that data was unique, and 

publications involving duplicate data were identified. Refer-

ence lists from all articles identified in the extensive search 

were retrieved, and any additional studies that met inclusion 

criteria were included. Articles that were published in peer-

reviewed journals as well as within gray literature sources 

were included.

To be considered an SR or meta-analysis, a clear descrip-

tion of methods used to search, select, appraise, and analyze 

the articles needed to be provided. Definitions of SRs and 

meta-analyses are provided in the “Introduction” section.17,18 

Reviews lacking these details were considered narrative 

reviews and summarized in text form. All SRs with or 

without meta-analysis were evaluated using the PRISMA 

tool.23 Each of the eleven items listed in the document were 
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assigned one point based on whether the required component 

was explicitly described in the paper. The number of items 

present was totaled to yield a “total PRISMA score” out of 

11. PRISMA scores of 5 or greater indicate well-conducted 

SRs and meta-analyses. In addition, key methodological flaws 

such as including studies with duplicate data and combining 

different forms of EST were identified.

To determine the comprehensiveness of a review, a value 

for the percentage of available studies was calculated for 

each included review and/or meta-analysis. The percentage 

of available studies was calculated by placing the number 

of studies about EST which were included in the review 

over the total number of RCTs that are known to be avail-

able in the literature during the time frame of the review. 

To determine the total number of available studies, the 

inclusion and exclusion criteria set out within the review 

were considered. Common exclusion criteria reflected in 

this calculation were type of wounds or patient group, 

year of publication, study design, and sample size. Since 

many reviews excluded clinical trials involving less than 

10 subjects or without random allocation to groups, these 

small studies were seldom included in the total number of 

available studies. In many instances, the inclusion criteria 

were not explicitly stated, in which case the authors were 

given the benefit of doubt.

Results
Original clinical research studies: non-
randomized and randomized prospective 
studies
Research teams from around the world have generated clini-

cal data from a variety of patient demographics, all types of 

chronic open wounds, and the full spectrum of health care 

settings.

Table 2 is a summary of controlled clinical trials where 

E-Stim was used to treat three of the main types of chronic 

wounds (pressure injuries,28–44 venous ulcers and other 

wounds of the lower extremity,45–53 and diabetic and/or 

ischemic ulcers54–60). This chart of controlled clinical trials 

does not include three studies that were found to have the 

same data presented in another publication – referred to as 

Table 1 Criteria used to select articles included in this study

Category Inclusion criteria Exclusion criteria

Population Adult Incisional wounds
Open wounds of any etiology Skin grafts
Pressure ulcer
Diabetic foot ulcers
Venous leg ulcers
Arterial or ischemic wounds
Wounds of mixed etiology

Intervention Electrical stimulation therapy Electromagnetic fields or other induced electric fields
At least two surface electrodes placed on or near the wound Electrical currents used diagnostically

Use of indwelling or spinal electrodes
TENS for pain modulation
NMES for muscle strengthening or endurance
FES for improvement of functional outcomes

Control Clinical studies involving human subjects Languages other than English
Case study Only abstract available
Case series Animal or experimental studies
Prospective cohort studies In vitro cell culture studies
Retrospective cohort studies Narrative reviews published before 2000
Nonrandomized controlled trials Studies with duplicate data
Randomized controlled trials
Multisite clinical trials
Systematic reviews
Meta-analyses

Outcomes Wound size reduction Blood flow
Wound surface area Wound prevention
Wound appearance using valid outcome measures (PUSH tool) Wound recurrence
Number of healed wounds Pain
Time to healing Quality of life

Cost analysis

Abbreviations: TENS, transcutaneous electrical nerve stimulation; NMES, neuromuscular electrical stimulation; FES, functional electrical stimulation; PUSH, pressure ulcer 
scale for healing.
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Table 2 Summary of controlled clinical trials that evaluated the effect of EST compared to control treatments on people with pressure 
ulcers (indicated as “pressure”), VLUs, diabetic foot wounds with or without arterial disease, and ulcers of mixed etiology. For each 
of the 33 controlled trials, information about the study design, patient group recruited, and EST protocol employed is provided. 
Calculations made for the average number of treatment hours per week, total number of weeks, and total hours of EST are provided. 
Results of the between-group analysis are provided, and conclusions drawn by the authors are summarized

Author Study 
design

N Wound type Waveform Electrode 
placement

Hours 
per week

Weeks Total 
hours

Conclusion

Pressure ulcers
Asbjornsen et al,28 Norway CTa 16 Pressure TENS Hand 5 6 30 No; EST = Con
Feedar et al,29 USA RCT 47 Pressure Pulsed Wound 7 4 28 Yes; EST > Con
Gentzkow et al,30 USA RCT 37 Pressure Pulsed Wound 7 4 28 Yes; EST > Con
Wood et al,31 USA RCT 71 Pressure LIDC Periulcer 0.6 8 4.8 Yes; EST > Con
Adunsky et al,32 Israel CTb 63 Geriatric and 

SCI pressure
MENS Periulcer 7 6 42 Mixed; D57 EST > Con

D147 EST = Con
Ullah,33 Belgium RCT 60 Pressure MENS N/A 168 12 2016 No; EST = Con
Franek et al,34 Slovenia RCT 50 Pressure HVPC Wound 5 6 30 Yes; EST > Con
Griffin et al,35 USA CTa 17 SCI pressure HVPC Wound 7 3 20 Yes; EST > Con
Stefanovska et al,36 
Slovenia

CTc 50 SCI pressure Pulsed Periulcer 14 4 56 BiPc – EST > Con
LIDC – EST = Con

Jercinovic et al,37 Slovenia RCT 73 SCI pressure Pulsed Periulcer 10 4 16 Exponential model; EST > Con
Linear model; EST = Con

Karba et al,38 Slovenia CTa,c 12 SCI pressure Pulsed Periulcer 7 6.3 44.1 Yes; EST > Con
Baker et al,39 USA RCT 80 SCI pressure Pulsed, 

MENS
Periulcer 7.5 3–6 150 No; EST = Con when data was 

analyzed in original groups
Karba et al,40 Slovenia CTc 50 SCI pressure LIDC Periulcer 14 6.3 84 Yes; EST > Con positive 

polarity [DC +/+]
No; EST = Con polarity 
alternated [DC –/+]

Adegoke and Badmos,41 
Nigeria

RCTa 7 SCI pressure Pulsed Wound 2.25 4 9 Yes; EST > Con

Barczak et al,42 Germany RCT 24 SCI pressure Pulsed Wound 7 12 84 Yes; EST > Con
Ahmad,43 Saudi Arabia RCT 60 SCI pressure HVPC Wound 5.25, 7, 

or 14
5 35 Yes; EST > Con; 60 minutes 

>45 minutes
60 minutes =120 minutes

Houghton et al,44 Canada RCT 34 SCI pressure HVPC Wound 24.5 12 294 Yes; EST > Con

VLUs and lower leg ulcers
Ogrin et al,45 Australia RCTd 29 VLU TENS Limb – 

peroneal 
nerves

1.16 12 14 No; EST = Con

Santos et al,46 Brazil CTa 6 Lower leg ulcers HVPC Wound 1.5 8 12 No; EST = Con
Gogia et al,47 USA CTa 12 Lower leg/foot 

ulcers
HVPC Wound 1.67 4 6.67 No; EST = Con

Houghton et al,48 Canada RCT 27 Leg and foot 
ulcers

HVPC Wound 2.25 4 9 Yes; EST > Con

Janković and Binić,49 Serbia RCT 35 VLU Pulsed Periulcer 3.3 3 600 Yes; EST > Con
Franek et al,50 Slovenia RCT 79 VLU HVPC Wound 5 6 30 Yes; EST > Con
Franek et al,51 Slovenia RCT 110 VLU HVPC Wound 5 7 35 Yes; EST > SWC

No; EST = surgery
Jünger et al,52 Germany RCT 39 VLU Pulsed Wound 7 16 16 Yes; EST > Con
Katelaris et al,53 Australia RCTd 24 VLU MENS Wound 168 12 1104–

2047
No; EST + proviodine caused 
increased wound size

Diabetic foot ulcers
Petrofsky et al,54 USA RCT 20 Diabetic foot 

ulcers
Pulsed Periulcer 1.5 4 6 Yes; EST > Con

Peters et al,55 USA RCT 40 Diabetic foot 
ulcers

HVPC Sock 2.7 12 32 Yes; EST > Con

Lundeberg et al,56 Sweden RCT 64 Diabetic leg 
ulcers and VLUs

Pulsed Periulcer 4.6 12 56 Yes; EST > Con

(Continued)
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Author Study 
design

N Wound type Waveform Electrode 
placement

Hours 
per week

Weeks Total 
hours

Conclusion

Baker et al,57 USA RCT 80 Diabetic foot 
ulcers

Pulsed, 
MENS

Periulcer 7.5 5–7.5 240–
390

No; EST = Con when data 
was analyzed in original 
groups

Goldman et al,58 USA CTa 8 Arterial ischemic 
wounds

HVPC Periulcer 7 14 98 Yes; EST > Con

Mixed etiology
Carley and Wainapel,59 USA RCT 30 Geriatric LIDC Wound 20 5 100 Yes; EST > Con
Kloth and Feedar,60 USA CTa 16 Mixed HVPC Wound 3.75 7.3 27 Yes; EST > Con

Notes: aStudy has less than 10 subjects per group. bGreater than 50% of enrolled subjects did not complete study evaluation period. cPatients were not randomly assigned to 
treatment groups. dEST protocol was not optimal to stimulate healing. “Yes; EST > Con” indicates that wound healing outcomes were significantly better than control wounds. 
“No; EST = Con” indicates that there was no statistically significant difference between EST- and control-treated wounds. “Yes; EST > SWC” indicates wound healing rates 
were significantly better than standard wound care. “No; EST = surgery” indicates EST produced similar wound healing rates as those receiving surgery. “Pulsed” represents 
asymmetrical biphasic unbalanced pulsed current.
Abbreviations: EST, electrical stimulation therapy; VLUs, venous leg ulcers; N, number of patients; CT, controlled trial; TENS, transcutaneous electrical nerve stimulation; 
RCT, randomized controlled trial; Con, control; LIDC, low-intensity direct current; SCI, spinal cord injury; MENS, microcurrent electrical nerve stimulation (<1 mA); HVPC, 
high-voltage pulsed current; BiPc, biphasic pulsed current; DC, direct current; SWC, standard wound care; N/A, not available.

Table 2 (Continued)

duplicate data.61–63 Twenty-two of these 33 studies used a 

prospective randomized study design where wound healing 

outcomes were collected systematically using valid outcome 

measures and well over 80% of subjects completed the study 

protocol.29–31,33,34,37,39,42–45,48–57,59 Although data from a control 

group that did not receive EST was included in the report 

and analyses, eleven studies had key methodological flaws 

and were labeled “controlled trial” (CT) since they did not 

use a random allocation method36,38,40 or involved fewer than 

10 subjects per group.28,35,38,41,46,47,58,60 The majority of the 

controlled studies involved the use of relatively small num-

ber of subjects and seldom were the large-scale multicenter 

trials coordinated by industry. Most controlled clinical trials 

enrolled a total of 20–50 subjects, and only eight trials had 

60 or more subjects in the study.33,37,39,43,50,51,56,57 A couple of 

studies reported only the number of wounds37,64 treated, and 

some included results from multiple wounds from the same 

patient.33,39,42,49,57,65,66

EST was delivered in a variety of ways to tissues sur-

rounding the wound, or directly into the wound bed or both. 

Most devices used to deliver EST provided pulsed current 

via small battery-operated devices. Initial research used low 

levels of direct stimulation called low-intensity direct cur-

rent.31,40,59 A few recent reports have employed innovative 

technologies to deliver very low levels of EST directly to 

the wound bed through small devices incorporated within 

the dressing.32,33 The remaining included studies, listed in 

Table 2, which used pulsed current of different designs that 

delivered short-duration pulses (microsecond duration) at 

rates between 10 and 100 times per second. Some research-

ers have claimed that biphasic pulsed current which flows 

in two directions during the treatment, is less effective than 

monophasic (or unidirectional current) including HVPC.60 

Treatment duration ranged between 30 and 75  minutes 

per session. Ahmad evaluated the effect of increasing the 

treatment period from 45 to 60 and 120  minutes.43 Most 

treatments were repeated three to seven times per week and 

based on dressing change schedules. Wound outcomes were 

evaluated after several weeks of treatment ranging between 

3 and 8 weeks. Longer treatment times (lasting 12 weeks) 

were more commonly used for people with arterial ischemic 

wounds,58 diabetic foot wounds,55,56 or spinal cord injury 

(SCI) 42,44 or when very low levels of current (microcurrent 

electrical nerve stimulation, MENS) were used.33 This wide 

range of treatment duration is consistent with studies where 

EST treatments were given until wound closure and the 

average time to heal ranged between 3 and 14 weeks.38–40,57,60

All but eight studies detected a statistically significant 

improvement in at least one wound healing outcome 

after E-Stim  treatment compared to a similar control 

group.28,32,33,39,45–47,53,57 Seventeen of 22 well-designed ran

domized clinical studies found that EST produced faster heal-

ing or led to shorter time to closure than controls. Negative 

findings predominated in studies with small sample sizes (less 

than 10),28,46,47 where very low-intensity EST (MENS) was 

used,32,33 or EST was delivered at a distance from the wound, 

or where EST protocols were suboptimal.45,53 Ogrin et al45 per-

formed a double-blinded, randomized, controlled clinical trial; 

however, the EST treatment was suboptimal since treatments 

lasted only 5 minutes in duration. Katelaris et al53 also used 

an EST protocol that was not conducive to healing since they 

combined EST with proviodine solution, and found that when 

EST was added to proviodine, wound size actually increased. 

In addition, there are concerns with two studies performed 

by Baker et al in which a similar design was used to evaluate 

the effect of three different EST protocols on individuals with 
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diabetic foot ulcers (DFUs)57 or people with SCIs.39 While a 

large number of participants were recruited into these studies, 

it was only after data was modified to include only those with 

good compliance and by combining MENS-treated individu-

als with control group that statistical differences were found 

between groups. Therefore, in this study, the original data 

analyses were considered for both studies performed by Baker 

et al, and no effect of EST was recorded.

Several reports document the benefits and safe application 

of EST on specific cases with very challenging wounds6,64–77 

and other noncontrolled retrospective78,79 and prospective 

research designs.80–85 Two of the original clinical reports are 

often identified as controlled studies since they included a 

relatively large number of subjects; however, they compared 

healing outcomes produced after EST to only six patients with 

bilateral wounds.86,87 Goldman et al58,79,88,89 have produced a 

number of very compelling reports where EST was used to 

treat patients with ischemic wounds of the leg and foot often 

complicated by diabetes. They showed repeatedly that daily 

treatments with EST progressively increased local tissue 

perfusion and increases in transcutaneous oxygen pressure 

measurement (TCPO2) were associated with less pain and 

better healing outcomes. There are also two larger studies 

with historical controls which describe improved healing 

outcomes that can be achieved when EST is applied as part 

of standard clinical practice.78,90

Collectively, the effects of EST on healing have been 

evaluated in over 2000 subjects and published in a total of 

62 articles in peer-reviewed journals since 1968 (Table 3). 

In 33 of these clinical reports involving 1370 subjects, 

healing outcomes of an EST-treated group were compared 

to an appropriate control group. Unfortunately, eleven of 

the 33 trials were considered of poorer methodological 

quality.28,35,38,40,41,46,47,50,53,58,60

Research that focused on pressure ulcer treatment 

using EST is most common. A total of 27 clinical reports 

evaluated the effect of EST on people with pressure ulc

ers,28–44,64,67,69–71,74,75,77,79,82,85–87 and 17 of these were controlled 

clinical trials.28–44 This extensive search also identified eleven 

clinical reports (n=367) that have used EST for the treatment 

of VLUs. Three of these studies46–48 included “ulcers of the 

lower leg” of which the majority were VLUs. Nine of the 

included studies (n=361) evaluated the effects of EST on 

leg wounds compared to a control group.45–53

Table 3 Summary of clinical research reports published about the effects of EST on wound healing outcomes. Clinical research reports 
include single case reports, uncontrolled prospective and retrospective cohort studies, and controlled (randomized or not) clinical 
trials. The number of patients and studies that have been published about pressure ulcers, venous leg ulcers, and diabetic foot wounds 
of mixed etiology is summarized

Pressure 
ulcers

Venous 
leg ulcers

Diabetic and 
arterial wounds

Ulcers of mixed 
etiology

Total 
number

Case reports
Number of studies 6 2 5 2 15
Number of subjects 13 6 21 2 42
Retrospective analyses
Number of studies 0 0 1 1 2
Number of subjects 0 0 24 214 238
Prospective cohort studies
Number of studies 4 0 2 6 12
Number of subjects 117 0 52 263 432
Total number of noncontrolled studies
Number of studies 10 2 8 9 29
Number of subjects 130 6 97 479 712
Controlled clinical trials
Number of studies 7 2 1 1 11
Number of subjects 215 18 8 16 257
Randomized controlled clinical trials
Number of studies 10 7 4 1 22
Number of subjects 536 343 204 30 1113
Total number of controlled clinical trials
Number of studies 17 9 5 2 33
Number of subjects 751 361 212 46 1370
Total number of studies 27 11 13 11 62
Total number of subjects 881 367 309 525 2082

Abbreviation: EST, electrical stimulation therapy.
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While there are 13 studies that focused on wound occur-

ring in people with diabetes, only five were prospective con-

trolled studies with only 212 subjects evaluated.54–58 Eleven 

clinical reports including several uncontrolled prospective 

cohort studies59,60,65,66,72,74,77,78,80,86–88,91 and retrospective analy-

ses78 showed that the application of EST to a variety of wound 

types consistently improved healing outcomes. Altogether, 

this body of literature provides strong support that EST 

stimulates generic processes of tissue repair and so is effec-

tive on many different types of chronic or recalcitrant wounds.

Narrative reviews
Given the substantive body of literature, there have been 

several reviews published about either adjunctive therapies 

in general92,93 or EST for wound healing specifically.24,91,94–100 

Most of the authors of these narrative reviews formulate an 

opinion that there is a strong research support for the use 

of EST to stimulate wound healing and promote wound 

closure.24,94,96,98,99,101 However, some reviewers conclude that 

research is lacking, conflicting, and/or inconclusive.92,93,97,100 

Collectively, over 54 clinical reports have been identified by 

retrieving all the references cited in these reviews. To describe 

each of these articles in detail is beyond the scope of this 

study. Readers wishing to find detailed description of all the 

clinical studies where EST has been used to speed healing 

or wound closure should refer to comprehensive reviews that 

addressed all types of wounds.94,97–99,101–103

Critical appraisal of SRs and 
meta‑analyses
Table 4 outlines the details of 18 reviews that have been 

published in the literature on the effect of EST on wound 

healing.5,10,14,15,104–116 Eight of the reviews completed at least 

some form of meta-analysis.10,15,104–109 Three other reports 

stated that although a meta-analysis was planned, none was 

done because of heterogeneity of included studies.14,112,113 The 

first SR published on this topic was produced by Gardner et al 

in 1999, and impressively, it also included a meta-analysis.109

The results of eleven of the 18 included SRs favored the 

use of EST in the treatment of various types of chronic wou

nds.5,10,102,104,105,107–111,116 The authors’ concluding statements 

regarding EST use in wound treatments obtained from each 

review are presented in Table 4. In four reviews, the authors’ 

recommendations suggested that there was no evidence to 

support routine clinical use of EST for wound therapy.14,112–114 

Three other reports felt that research was inconclusive.15,106,115 

It is understandable with the variety of conclusions that clini-

cians become confused and feel that this area of research has 

conflicting results. However, if the proportion of available 

research that was considered and quality of the review is 

assessed by the PRISMA tool, then a clear trend emerges. 

All but two15,106 of the nine higher quality SRs (with greater 

than five of eleven items on the PRISMA tool present) found 

results in favor of EST over standard care, whereas most 

of the lower quality SRs did not recommend using EST in 

clinical practice because results were either lacking14,112–114,116 

or conflicting.115

An obvious reason why there is inconsistency across SRs 

published about the use of EST for treating chronic wounds 

is that the studies included in each review are quite different. 

These differences can sometimes be explained by the research 

question that is defined by each review. Correspondingly, 

specific inclusion and exclusion criteria are used to define 

the scope of included studies and to focus on a particular 

patient population or wound type. To address this issue, the 

percent of available literature was calculated (Tables 5–7). 

Even when the inclusion criteria set out by the review were 

considered, only eleven of 18 published SRs considered 

the majority (>50%) of clinical trial studies available in the 

published literature.5,10,102,105–110,115,116 In some instances, the 

inclusion of a relatively low proportion of available stud-

ies was explained by the authors’ decision to only examine 

clinical reports published during certain years. Without 

explanation, two SRs14,112 chose not to include any clinical 

research published before the year 2000 which unfortunately 

resulted in the exclusion of 18 of possible 33 CTs. It is not 

clear why the review by Health Quality Ontario15 described 

an extensive search strategy and found only 34% of avail-

able articles. However, this low rate of article retrieval does 

explain why their results were inconclusive.15

Another issue in these reviews was that reviewers failed 

to detect that the same data was presented by authors in two 

separate publications – called duplicate data. There are three 

instances where identical data was presented for an EST 

group – Mulder61 and Feedar et al29 in 1991; Trontelj et al63 

and Jercinovic et al37 in 1994; and Karba et al81 in 1990 and 

Karba80 in 1991. While less obvious, given the same time 

frame and similar treatment groups, it was assumed that 

similar data was included in the publications by Franek et 

al in 200562 and again in 200651 and the retrospective data 

presented by Stefanovska et al in 199336 and Cukjati et al in 

2001.78 While Lala et al excluded duplicate publications,108 

this was not picked up by three other reviewers.5,102,106 In 

the present study, data was used only once to calculate total 

number of published studies and total number of subjects 

(Table 3).
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Discussion
The PRISMA tool was used to provide a systematic 

approach of evaluating the methodological quality of the 

SR23 (Table 4). A review with a total PRISMA score of 5 or 

less out of 11 was considered low quality. This approach is 

consistent with work of other authors.20 Admittedly, certain 

features, such as the comprehensiveness of the search, may 

be considered more important than other components such 

as declaring any conflict of interest and providing a list of 

excluded studies. The ability to include a list of excluded 

studies is sometimes beyond the control of the authors. 

Since all but one of these reviews15 were published in peer-

reviewed literature, conflict of interest is often addressed. 

Publication bias was seldom addressed in these SRs; only 

one review provided a funnel plot.105 This is not surprising 

since it is a relatively new concept in this field.117

In most instances, studies with low total PRISMA scores 

and also included less than 50% of available studies pub-

lished during the time frame were included in the review 

(Table 4).14,111–114,116 Additionally, five of seven lower quality 

SRs14,112–116 concluded that either EST was not effective in the 

treatment of chronic wound or results were inconclusive.115 

SRs that evaluated the effect of EST on all types of chronic 

wounds were generally well done and included the majority 

of available research that had been published at the time of 

the review.102,104–106,109 Only one of the eight SRs that focused 

specifically on the effects of EST or other physical modali-

ties, did not support the use of EST for wound healing.114 In 

the Cochrane review published in 2001, because of different 

outcomes measured at several time points, the meta-analysis 

evaluating the pooled effect of EST included only one RCT.106 

The Cochrane Wounds group tends to make conclusions very 

conservatively. In fact, only two wound care interventions 

have been recommended by Cochrane in the past 35 years. 

The review produced by Koel and Houghton was rated low 

quality since points were only assigned if the component 

was clearly described in the text of the paper.104 Given that 

this was an invited review, methodological details were not 

included. As a coauthor of this meta-analysis, I can state 

that a very rigorous methodology under the direction of the 

Cochrane Wounds group was undertaken to select, evaluate, 

and collate data from included studies.

Ten of 18 reviews that were retrieved addressed pres-

sure ulcers,5,10,14,15,104,108,110,111,113,114 and two reviews looked at 

chronic ulcers occurring in people with diabetes.107,112 A list 

of included SRs and meta-analyses is provided in Table 4. 

Surprisingly, only one SR published to date has focused 

on VLUs.115 Four meta-analyses and one SR evaluated the 

effect of EST on healing outcomes for all types of chronic 

wounds.102,104–106,109 Within the five reviews that addressed all 

types of chronic wounds (Table 4), four focused specifically 

on the effects of EST102,104,105,109 and localized more than 

half of the available literature. Further, all four reviews that 

focused on the effect of EST but included any type of chronic 

wound produced results in favor of EST. One meta-analysis 

published by Barnes et al was particularly well done in that 

it addressed ten of eleven key items considered essential by 

PRISMA, and the extensive search identified 20 of possible 

26 articles that were published at the time.105

A total of ten reviews included in this study evaluated 

the effect of EST on pressure ulcers (Table 4). The objec-

tive of many of these reviews was to examine not just EST, 

but all pressure ulcer treatments including dressings, novel 

technologies that addressed underlying causes, and a wide 

range of adjunctive therapies (skin substitutes, growth factors, 

and physical agents). Three SRs focused specifically on pres-

sure ulcers in people with SCI5,108,111 reflecting the relatively 

large number of CTs included those with SCI.32,35–44 In some 

reviews, the authors considered both preventative measures 

and treatments for pressure ulcers.5,111,114 This is a huge body 

of literature to consider and therefore understandable that 

most of these expansive reviews did not consider the full body 

of literature available for EST. Results presented in Table 4 

demonstrate that reviews that were not conducted according 

to the PRISMA guidelines do not consider the majority of 

studies published about EST, and resulted in conclusions that 

do not favor EST. In fact, many of these poorly conducted SRs 

take on expansive topics and end up without recommending 

any intervention for the management of pressure sores or 

DFUs. What is most unfortunate is that many of these faulty 

reviews were developed by national wound care societies and 

used to direct best practice guidelines for wound care.14,16 An 

exception to this case was an SR performed by Smith et al in 

2013 which was used to inform the Agency for Health Care 

Policy and Research guidelines.10 The scope of this study 

encompassed all “adjunctive technologies related to pressure 

ulcer treatment” including dressings, skin grafts, growth 

factors, and adjunct therapies. The methods addressed most 

aspects of the PRISMA guidelines, and therefore, the total 

PRISMA score was 10 of 11. They concluded that “moder-

ately consistent results from one good and eight fair studies 

showed that EST improved healing rates”.10

Only two SRs examined the clinical research pub-

lished to date regarding the effect of EST on diabetic foot 

wounds (Table 4).107,112 Hinchliffe et al112 included very few 

of available studies, and the total PRISMA scores were 
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Table 4 Details about systematic reviews that searched and summarized clinical research that examined the effects of EST on wound 
healing outcomes in pressure, venous, diabetic, and mixed wound types. Each systematic review was evaluated and assigned a total 
PRISMA score, and the percentage of available articles that were included in the review was calculated. Conclusions of study authors 
are provided

Scope of review PRISMA guidelines  Total % of 
available 
literature

Results 
favor 
EST

Authors’ conclusions

Publication 
year

Dates Wound 
type

Treatments SR/
Meta

Clear research 
question

Two reviewers 
selected

Search 
strategy

Gray 
literature

List 
exclude

Described 
inclusion

Method 
quality

Conclusion Meta-
analysis

Publication bias Conflict

Barnes et al105 2014 October 
2013

ALL EST Meta Y Y Y N Y Y Y Y Y Y Y 10 67 Yes EST appears to increase the rate of 
ulcer healing and may be superior to 
SWC for ulcer treatment

Smith et al10 2013 1985–2012 PrU All adjuncts Meta Y Y Y Y Y Y Y Y Y N Y 10 50 Yes Moderately consistent results (one 
good, eight fair studies) showed 
that EST improved healing rates. 
Insufficient information about effect 
of EST on wound healing

Cullum et al106 2001 December 
1999

ALL All treatments Meta Y Y Y Y Y Y Y Y Y N Y 9 60 ? Suggest benefit but insufficient 
evidence to draw conclusions

Kwan et al107 2012 1992–2011 DFU All treatments Meta N/A Y Y N N Y Y Y Y Y Y 8 100 Yes Potential benefit of using EPA for 
managing DFU. Harmful effects 
cannot be ruled out

Polak et al102 2014 2012 ALL HVPC SR Y N Y N N Y Y Y N/A N Y 8 90 Yes Efficacy of HVPC promoting VLU 
and PrU has been confirmed

Vélez-Díaz-
Pallarés 
et al116

2015 July 2014 PrU Non-
pharmaceutical 
intervention

SR Y Y Y N N Y Y Y Y N Y 8 75 Yes Data inconclusive, except for low-
quality evidence that supports the 
use of electrotherapy

Lala et al108 2016 January 
2014

PrU-SCI EST Meta Y Y Y Y N Y Y Y Y N Y 7 89 Yes EST appears to be an effective 
adjunctive therapy to accelerate and 
increase pressure ulcer closure in 
individuals with SCI

Liu et al5 2014 2013 PrU-SCI EST prevents 
and treats

SR Y Y Y N N Y Y Y N/A N Y 7 67 Yes A significant effect of EST on 
enhancement of PrU is shown in 
limited Grade 1 evidence

Health 
Quality 
Ontario15

2009 March 
2008

PrU All treatments Meta Y N Y N N Y Y Y Y N Y 7 36 ? No conclusion on efficacy of EST 
can be drawn because significant 
statistics showed heterogeneity, 
small sample sizes, and 
methodological flaws of research

Gardner 
et al109

1999 NA ALL EST Meta Y N Y Y N Y N N Y N Y 6 67 Yes EST increases rate of chronic wound 
healing to 144%. All included studies 
showed positive effect of EST

Kawasaki 
et al110

2013 June 2013 PrU All treatments SR N Y Y N N Y Y Y N/A N Y 6 64 Yes Moderate level of evidence to support 
EST use as ancillary treatment 
modality for healing pressure ulcers

Koel and 
Houghton104

2014 NA ALL EST Meta N Y N/A N N Y N Y Y N Y 5 58 Yes Adding EST increases PAR by 26.7%. 
Unidirectional current is better than 
bidirectional current in treating 
pressure ulcers

Regan et al111 2009 1980–2007 PrU-SCI ALL prevents 
and treats

SR N N Y N N Y Y Y N/A N Y 5 50 Yes Level 1 evidence from two RCTs 
support use of EST to accelerate 
healing rate of SIII and SIV pressure 
ulcers when combined with SWC

Hinchliffe 
et al112

2008 2006 DFU All treatments SR N/A Y Y N N Y Y N/A Cannot N Y 5 50 No No data was found to justify the 
use of any other topically applied 
product or dressing (some hydrogel, 
HBO, NPWT)

Reddy et al113 2008 August 
2008

PrU All treatments SR N/A N Y N N Y Y Y Cannot N Y 5 46 No There is little evidence to support 
use of dressings, routine nutritional 
supplementation, or adjunctive 
therapies
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Table 4 Details about systematic reviews that searched and summarized clinical research that examined the effects of EST on wound 
healing outcomes in pressure, venous, diabetic, and mixed wound types. Each systematic review was evaluated and assigned a total 
PRISMA score, and the percentage of available articles that were included in the review was calculated. Conclusions of study authors 
are provided

Scope of review PRISMA guidelines  Total % of 
available 
literature

Results 
favor 
EST

Authors’ conclusions

Publication 
year

Dates Wound 
type

Treatments SR/
Meta

Clear research 
question

Two reviewers 
selected

Search 
strategy

Gray 
literature

List 
exclude

Described 
inclusion

Method 
quality

Conclusion Meta-
analysis

Publication bias Conflict

Barnes et al105 2014 October 
2013

ALL EST Meta Y Y Y N Y Y Y Y Y Y Y 10 67 Yes EST appears to increase the rate of 
ulcer healing and may be superior to 
SWC for ulcer treatment

Smith et al10 2013 1985–2012 PrU All adjuncts Meta Y Y Y Y Y Y Y Y Y N Y 10 50 Yes Moderately consistent results (one 
good, eight fair studies) showed 
that EST improved healing rates. 
Insufficient information about effect 
of EST on wound healing

Cullum et al106 2001 December 
1999

ALL All treatments Meta Y Y Y Y Y Y Y Y Y N Y 9 60 ? Suggest benefit but insufficient 
evidence to draw conclusions

Kwan et al107 2012 1992–2011 DFU All treatments Meta N/A Y Y N N Y Y Y Y Y Y 8 100 Yes Potential benefit of using EPA for 
managing DFU. Harmful effects 
cannot be ruled out

Polak et al102 2014 2012 ALL HVPC SR Y N Y N N Y Y Y N/A N Y 8 90 Yes Efficacy of HVPC promoting VLU 
and PrU has been confirmed

Vélez-Díaz-
Pallarés 
et al116

2015 July 2014 PrU Non-
pharmaceutical 
intervention

SR Y Y Y N N Y Y Y Y N Y 8 75 Yes Data inconclusive, except for low-
quality evidence that supports the 
use of electrotherapy

Lala et al108 2016 January 
2014

PrU-SCI EST Meta Y Y Y Y N Y Y Y Y N Y 7 89 Yes EST appears to be an effective 
adjunctive therapy to accelerate and 
increase pressure ulcer closure in 
individuals with SCI

Liu et al5 2014 2013 PrU-SCI EST prevents 
and treats

SR Y Y Y N N Y Y Y N/A N Y 7 67 Yes A significant effect of EST on 
enhancement of PrU is shown in 
limited Grade 1 evidence

Health 
Quality 
Ontario15

2009 March 
2008

PrU All treatments Meta Y N Y N N Y Y Y Y N Y 7 36 ? No conclusion on efficacy of EST 
can be drawn because significant 
statistics showed heterogeneity, 
small sample sizes, and 
methodological flaws of research

Gardner 
et al109

1999 NA ALL EST Meta Y N Y Y N Y N N Y N Y 6 67 Yes EST increases rate of chronic wound 
healing to 144%. All included studies 
showed positive effect of EST

Kawasaki 
et al110

2013 June 2013 PrU All treatments SR N Y Y N N Y Y Y N/A N Y 6 64 Yes Moderate level of evidence to support 
EST use as ancillary treatment 
modality for healing pressure ulcers

Koel and 
Houghton104

2014 NA ALL EST Meta N Y N/A N N Y N Y Y N Y 5 58 Yes Adding EST increases PAR by 26.7%. 
Unidirectional current is better than 
bidirectional current in treating 
pressure ulcers

Regan et al111 2009 1980–2007 PrU-SCI ALL prevents 
and treats

SR N N Y N N Y Y Y N/A N Y 5 50 Yes Level 1 evidence from two RCTs 
support use of EST to accelerate 
healing rate of SIII and SIV pressure 
ulcers when combined with SWC

Hinchliffe 
et al112

2008 2006 DFU All treatments SR N/A Y Y N N Y Y N/A Cannot N Y 5 50 No No data was found to justify the 
use of any other topically applied 
product or dressing (some hydrogel, 
HBO, NPWT)

Reddy et al113 2008 August 
2008

PrU All treatments SR N/A N Y N N Y Y Y Cannot N Y 5 46 No There is little evidence to support 
use of dressings, routine nutritional 
supplementation, or adjunctive 
therapies

(Continued)
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Scope of review PRISMA guidelines  Total % of 
available 
literature

Results 
favor 
EST

Authors’ conclusions

Publication 
year

Dates Wound 
type

Treatments SR/
Meta

Clear research 
question

Two reviewers 
selected

Search 
strategy

Gray 
literature

List 
exclude

Described 
inclusion

Method 
quality

Conclusion Meta-
analysis

Publication bias Conflict

Reddy114 2010 June 2010 PrU All adjuncts SR Y N/A Y N/A N N Y Y N/A N Y 5 25 No We do not know if electrotherapy 
improves healing of people with PrU

Thakral 
et al115

2015 N/A VLU All treatments 
included PEMF

SR Y N N N Y Y N/A N/A N/A N Y 4 77 N/A Utilization of EST in VLU has not 
been fully explored. Despite small 
sample size, EST showed positive 
results and promise as an option for 
adjunct therapy

Nicolas et al14 2012 2000–2010 PrU Local medical 
devices

SR N Y Y N N N N/A Y Cannot N Y 4 33 No There does not exist evidence 
of the efficacy of physical 
treatments sufficing to establish 
recommendations for their use in 
pressure sore treatment

Notes: N/A – data not available; PrU – pressure ulcers; PrU-SCI – pressure ulcers occurring in people with SCI; ALL – all types of wounds. SR – systematic review was 
conducted; Meta – both systematic review and meta-analysis were performed; Y – Yes, the method was conducted; N – No, there was no mention of that step in the 
systematic review. Total PRISMA score = sum of 11 key steps in systematic review and meta-analysis that were performed; % of available literature = the number of included 
studies divided by the total number known to be published within the search dates; Results favor EST: Yes – overall treatment effect favors EST or majority of included studies 
reported improved healing outcomes after EST treatment; Results favor EST: No – no significant differences were detected in EST- vs control-treated wounds. ? indicates 
results were inconclusive.
Abbreviations: EST, electrical stimulation therapy; SWC, standard wound care; RCT, randomized controlled trial; DFU, diabetic foot ulcer; EPA, electrophysical agent; 
HVPC, high-voltage pulsed current; SCI, spinal cord injury; PAR, percentage area reduction; HBO, hyperbaric oxygen therapy; NPWT, negative pressure wound therapy; 
PEMF, pulsed electromagnetic field.

correspondingly low. As a result, the International Working 

Group on the Diabetic Foot guidelines state “no support 

exists for any intervention used to speed healing of diabetic 

foot wounds”. In another more focused review, Kwan et al107 

identified all the available literature (100%) and addressed 

key methodological issues (total PRISMA score =8). Results 

were pooled from three RCTs that evaluated the influence of 

EST on the number of healed DFUs and found a significant 

odds ratio in favor of EST.107 As a result, they concluded that 

there was potential for using electrotherapies in the manage-

ment of foot ulcers that occur in people with diabetes.107

One review addressed the effects of interventions used in 

the treatment of venous ulcers.115 Thakral et al actually pro-

duced two reviews about VLU treatments;95,115 however, only 

one had methods describing an SR process.115 Unfortunately, 

the narrative review included more of the available literature, 

while the SR cited only two out of a possible seven CTs that 

had been published at the time of the review. Since there are 

several well-designed clinical studies that have evaluated the 

effect of EST on venous ulcers or ulcers of lower limb, future 

SRs and meta-analyses that pool the results of this body of 

work are warranted.

As stated in PRISMA guidelines, an extensive search 

is needed to be confident that the review includes all of the 

available literature.23 These include at least two electronic 

databases which should be checked by at least two indepen-

dent reviewers.23 In addition, secondary sources such as the 

reference lists of included studies should also be viewed, and 

in some instances, hand-searching of relevant journals should 

be done.23 Last but not least, gray literature (not published in 

peer-reviewed journals) should be included. In all cases, the 

selection and exclusion of relevant articles should be checked 

by at least two reviewers acting independently, and discrepan-

cies decided by consensus.23 There is a huge number of terms 

that have been used to name EST for wound healing. This 

diversity in terminology is expected given that EST has been 

around for over 50 years and been investigated by researchers 

located across the world, many of whose first language is not 

English. Therefore, the search strategy used to find all articles 

using EST must be developed with by those who have a firm 

understanding of this modality. Electronic search must include 

several keywords and MeSH terms that reflect the full range 

of terms used to name EST. Inclusion and exclusion criteria 

need to be clearly defined, since electrical currents are used for 

many other indications including wound prevention. Check-

ing reference lists from included studies and recent narrative 

reviews is an essential component of any SR on this topic. In 

addition, any well-conducted SR should include a search of 

unpublished and gray literature. The challenge in searching 

for all relevant research related to EST used for wound healing 

is likely the underlying reason why many published articles 

are missed and why inconsistent conclusions are drawn from 

SRs that have addressed this topic.20

The most common criticism about clinical studies 

evaluating EST is that sample sizes are too small. This is 

certainly the case with clinical studies that have less than 
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Scope of review PRISMA guidelines  Total % of 
available 
literature

Results 
favor 
EST

Authors’ conclusions

Publication 
year

Dates Wound 
type

Treatments SR/
Meta

Clear research 
question

Two reviewers 
selected

Search 
strategy

Gray 
literature

List 
exclude

Described 
inclusion

Method 
quality

Conclusion Meta-
analysis

Publication bias Conflict

Reddy114 2010 June 2010 PrU All adjuncts SR Y N/A Y N/A N N Y Y N/A N Y 5 25 No We do not know if electrotherapy 
improves healing of people with PrU

Thakral 
et al115

2015 N/A VLU All treatments 
included PEMF

SR Y N N N Y Y N/A N/A N/A N Y 4 77 N/A Utilization of EST in VLU has not 
been fully explored. Despite small 
sample size, EST showed positive 
results and promise as an option for 
adjunct therapy

Nicolas et al14 2012 2000–2010 PrU Local medical 
devices

SR N Y Y N N N N/A Y Cannot N Y 4 33 No There does not exist evidence 
of the efficacy of physical 
treatments sufficing to establish 
recommendations for their use in 
pressure sore treatment

Notes: N/A – data not available; PrU – pressure ulcers; PrU-SCI – pressure ulcers occurring in people with SCI; ALL – all types of wounds. SR – systematic review was 
conducted; Meta – both systematic review and meta-analysis were performed; Y – Yes, the method was conducted; N – No, there was no mention of that step in the 
systematic review. Total PRISMA score = sum of 11 key steps in systematic review and meta-analysis that were performed; % of available literature = the number of included 
studies divided by the total number known to be published within the search dates; Results favor EST: Yes – overall treatment effect favors EST or majority of included studies 
reported improved healing outcomes after EST treatment; Results favor EST: No – no significant differences were detected in EST- vs control-treated wounds. ? indicates 
results were inconclusive.
Abbreviations: EST, electrical stimulation therapy; SWC, standard wound care; RCT, randomized controlled trial; DFU, diabetic foot ulcer; EPA, electrophysical agent; 
HVPC, high-voltage pulsed current; SCI, spinal cord injury; PAR, percentage area reduction; HBO, hyperbaric oxygen therapy; NPWT, negative pressure wound therapy; 
PEMF, pulsed electromagnetic field.

10 subjects per group. Eight controlled clinical trials in this 

study contained three to nine subjects per group (Table 2).28,3

5,38,41,46,47,58,60 Studies that have sample sizes this small lack the 

power to accurately detect statistically significant differences 

between groups. Indeed, studies with less than 10 subjects 

in a group included in this study were equally likely to have 

either positive35,38,41,58,60 or negative28,46,47 findings. To address 

this concern, several SRs excluded studies with less than 10 

subjects per group.14,104,115

According to one study that evaluated the methodological 

quality of clinical trials, at least 200 subjects should be included 

in the evaluation; otherwise, the numbers were considered as 

sparse.114 Clearly, none of the included work meets this mark. 

Given that EST is a medical device without proprietary prop-

erty, no industry will fund future research involving “larger 

scale, multicenter clinical trials”. In fact, several EST devices 

previously manufactured are no longer available.29,30,61,96

When meta-analyses were first proposed, they were touted 

as replacing the need for large-scale expensive trials, by 

combining results from several existing trials in the litera-

ture.17,21 However, it does require that results are pooled. Of 

the 18 SRs located (Table 4), only eight did a meta-analysis. 

Cullum et al used only one RCT in the forest plots,106 and 

three other reviews14,113,114 stated that clinical difference 

was too heterogeneous to be combined in a meta-analysis. 

Conversely, several reviewers undertook calculations so 

that data could be pooled.104,105,108,109 For example, Gardner 

et al109 and Lala et al108 calculated weekly healing rates, and 

Koel and Houghton104 and Barnes et al105 extrapolated data 

to determine percentage area reduction at 4 weeks (PAR4). 

Combining data from studies that evaluated the effects of 

EST on a particular type of wound resulted in data that was 

not heterogeneous (I2<50%).

Another common concern raised by reviewers is that 

studies were too short and subjects were not followed after 

closure to determine recurrence. Many reviewers propose 

that future research should examine the effect of wound care 

interventions on complete healing or wound closure. The 

validity of surrogate end points such as wound size reduction 

after 4–12 weeks has been debated previously. Cardinal et 

al provided compelling data that suggested that PAR4 was 

strongly correlated with complete healing.118 It is true that 

only four of the controlled studies for EST examined healing 

outcomes over 12 weeks or longer. However, several reports 

reported an average time to healing with EST and control 

treatments,38–40,57,60 and a number of other studies reported the 

number of ulcers healed in each group.28,29,31,32,35,39,44,48,52,55–57,60 

What healing outcome is measured and how long the inter-

vention is applied should be dictated by the study question 

and be reflected in the study design, both of which would be 

quite different when looking at ulcer healing vs ulcer recur-

rence. One also needs to recognize that study protocols that 

evaluate subjects for several months to a year will have high 

drop-out rates. This was the case in the study by Adunsky 

et al, where subjects were followed for 147 days; however, 

the drop-out rate at the final data point was over 50%.32
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Table 5 Systematic reviews that considered all types of chronic wounds. For each systematic review, the controlled trials that 
employed EST and were included and analyzed in the reviews are checked

Author name Year of 
publication

Gardner 
et al109

Cullum 
et al106

Health Quality 
Ontario15

Koel and 
Houghton104

Polak 
et al102

Barnes 
et al105

Gault and Gatens86 1976  
Carley and Wainapel59 1985    
Katelaris et al53 1987 
Wolcott et al87 1968  
Kloth and Feeder60 1988    
Asbjornsen et al28 1990 
Feedar et al29 1991   
Gentzkow et al30 1991    
Griffin et al35 1991     
Mulder et al61 1991 
Gogia et al47 1992 
Lundeberg et al56 1992   
Stefanovska et al36 1993
Wood et al31 1993     
Jercinovic et al37 1994 
Trontelj et al63 1994
Karba et al38 1995
Baker et al39 1996   
Karba et al40 1997
Baker et al57 1997  
Franek et al50 2000 
Adegoke and Badmos41 2001  
Barczak et al42 2001 
Peters et al55 2001   
Houghton et al48 2003   
Goldman et al58 2004 
Adunsky et al32 2005  
Franek et al62 2005 
Franek et al51 2006  
Ullah33 2007
Ahmad43 2008  
Janković and Binić49 2008  
Jünger et al52 2008  
Ogrin et al45 2009 
Santos et al46 2009
Houghton et al44 2010   
Petrofsky et al54 2010 
Franek et al34 2012  
Count 39 11 10 4 15 10 21

Note: Bold text indicates duplicate data was included.
Abbreviation: EST, electrical stimulation therapy.

Some reviewers indicate that there are serious method-

ological flaws within the published literature, while others 

assign this area of research a level 1 evdience.10,110,111 Com-

mon flaws identified in study designs included a lack of 

blinding, no description of randomization or concealment 

methods, and/or no intention-to-treat (ITT) analysis. With 

regard to concerns about the randomization process, this was 

likely due to poor reporting rather poor methodology, since 

many of the clinical trials were published well before the 

assessment tools evaluating RCT designs were developed. 

Similarly, ITT analysis is a relatively new concept that only 

more recent studies have included. Many reviewers identify 

that research evaluating the effect of EST has inadequate 

blinding of participants and researchers. Given the nature 

of EST, this criticism seems unreasonable. EST protocols 

described in the literature would result in a sensation under 

the active electrode or produce a visible muscle twitch, both 

of which make deriving a placebo or sham treatment virtually 
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Table 6 Systematic reviews that considered pressure ulcers. For each systematic review, the controlled trials that employed EST and 
were included and analyzed in the reviews are checked

Author name Year of 
publication

Reddy 
et al113

Reddy114 Nicolas 
et al14

Kawasaki 
et al110

Smith 
et al10

Vélez-Díaz-
Pallarés 
et al116

Regan 
et al111

Liu 
et al5

Lala 
et al108

Elderly SCI SCI SCI

Kloth and Feeder60 1988   
Asbjornsen et al28 1990  
Gentzkow et al30 1991   
Griffin et al35 1991 SCI     
Feedar et al29 1991 
Mulder et al61 1991 
Stefanovska et al36 1993 SCI    
Wood et al31 1993    
Jercinovic et al37 1994 SCI  
Trontelj et al63 1994 
Karba et al38 1995 SCI 
Baker et al39 1996 SCI    
Karba et al40 1997 SCI   
Adegoke and Badmos41 2001 SCI   
Barczak et al42 2001 SCI 
Adunsky et al32 2005      
Ullah et al33 2007 
Ahmad43 2008 SCI  
Houghton et al44 2010 SCI      
Franek et al34 2012 
Count 20 6 3 4 9 5 7 4 8 8

Note: Bold text indicates duplicate data was included.
Abbreviations: EST, electrical stimulation therapy; SCI, spinal cord injury.

Table 7 Systematic reviews that considered leg and foot wounds. For each systematic review, the controlled trials that employed EST 
and were included and analyzed in the reviews are checked

Author name Year of 
publication

Hinchliffe et al112 Kwan et al107 Thakral et al115

DFU DFU VLU

VLU
Katelaris et al53 1987
Gogia et al47 1992
Lundeberg et al56,a 1992 
Franek et al50 2000 
Houghton et al48 2003
Franek et al62,c 2005
Franek et al51 2006
Janković and Binić49 2008
Jünger et al52 2008
Ogrin et al45 2009 
Santos et al46 2009
Count 11 3
DFU
Baker et al57 1997  
Goldman et al58,b 2004
Lundeberg et al56,a 1992 
Peters et al55 2001  
Petrofsky et al54 2010 
Count 6 2 4 0

Notes: aStudy included both VLUs and DFU. bStudy focused on people with critical limb ischemia – some had diabetes. CDuplicate data was included.
Abbreviations: EST, electrical stimulation therapy; DFU, diabetic foot ulcer; VLU, venous leg ulcer.
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impossible. In addition, the outcomes used to measure heal-

ing such as a reduction in wound surface or wound closure 

are very objective and not likely influenced by rater bias.

Lastly, many reviewers call for a single optimal treat-

ment protocol for ESTs. This suggestion likely stems from 

other technologies used in wound care which are produced 

by the same company. The expectation that one device 

will be produced by industry to meet the range of needs 

of clinicians and patient groups is unrealistic. Admittedly, 

there is a variety of waveforms, electrode placements, 

and treatment schedules that exist in published research 

(Table 2). This is not entirely surprising considering that 

this research has been gathered over 50 years and produced 

by researchers across the world using equipment produced 

by many different manufacturers. While many parameters 

can be selected, it has been shown that most EST protocols 

produce an electrical charge within a fairly small therapeutic 

range (300–700 µC/s).1 Furthermore, a recent review that 

evaluated different waveforms used to treat wounds showed 

that various forms of pulsed current can be used effectively, 

whereas ultralow intensities of EST have not consistently 

shown accelerated healing.94

Treatment schedules also vary greatly across clinical 

research about EST. Total treatment time calculated for each 

study did not suggest that there was any relationship between 

time EST and rate of healing produced (Table 2). Ahmad43 

directly compared the effect of changing treatment times and 

showed that increasing treatment time from 45 to 60 minutes 

a session produced faster healing rates; however, further 

increasing treatments to 120  minutes per session did not 

result in any difference in healing. Thus, a maximum healing 

rate seems to be achieved after relatively short exposures. 

Any studies with longer treatment times44 do not necessar-

ily produce faster or more complete healing. The duration 

of treatment (in weeks) seems to be more related to the type 

of wound treated with more resistant wounds (SCI, diabetes 

with or without ischemia) requiring longer treatments.

Evaluating the appropriateness of ESTs should be con-

sidered as part of the review of methodological quality. Most 

tools that assess the quality of a clinical trial examine only 

aspects of study design and do not address problems with 

EST. There are overt examples of inappropriate ESTs in this 

body of literature. For example, Ogrin et al only applied 

treatments of 5-minute duration, whereas most treatments are 

applied for at least 45 minutes.45 Katelaris et al combined EST 

with an ionic solution known for its cytotoxicity (proviodine 

solution).53 Apart from these two studies, there is a variety of 

approaches and types of electrical currents that can be used 

successfully to treat wounds. A benefit to this variety is that 

various different devices can be used and electrodes can be 

placed in or around the wound, and treatment schedules can 

be modified to fit the patient and family preferences and 

schedules. It provides clinicians with different ways to meet 

the patient’s needs and potentially increases adherence to 

the treatment protocol. This level of customization of many 

features of EST does require that clinicians using it are knowl-

edgeable about the treatment and take the necessary training 

to ensure that they apply it in a safe and effective manner.

Summary
Within this critical study on EST used in the treatment of 

chronic wounds, all relevant articles have been compiled. A 

list of 33 controlled clinical trials is provided which include 

22 well-designed controlled clinical trials involving 1370 

patients. Several case studies, prospective and retrospec-

tive cohort studies, and controlled clinical trials have been 

published on this topic over the past 50 years. Most of the 

research completed to date involve patients with pressure 

ulcers; however, emerging research has investigated if EST 

can benefit people with other types of wounds including 

DFUs and VLUs.

A total of 18 SRs and/or meta-analyses have pooled stud-

ies that have evaluated the effectiveness of EST on wound 

healing outcomes. Conclusions derived from these reviews 

have been conflicting. An evaluation of methodological qual-

ity of each review and determination of the proportion of 

available literature that was considered in the review revealed 

an interesting trend. Poorer quality SRs that did not address 

the majority of key items set out by the PRISMA statement17 

were more likely to result in inconsistent or inconclusive find-

ings. These low-quality SRs often had very vague research 

questions and tried to assess the efficacy of a large number of 

interventions used in wound care. Having such an expansive 

body of literature to review resulted in retrieving a very low 

proportion of clinical research studies that are known to be 

available in the published literature.

There is clear and consistent research evidence to sup-

port the use of EST for wound healing when the results from 

22 well-designed RCTs and 11 SRs with PRISMA scores 

above 5 are considered. Pooled results from well-constructed 

reviews provide strong support for the use of EST on all 

types of chronic wounds in general, and pressure ulcers in 

particular. There is only one well-designed SR that supports 

the use of EST on diabetic foot wounds and no good review 

that has compiled the research that is known to exist for 

EST of VLUs.
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Common recommendations for future research in this 

field include performing more robust clinical research that 

has greater sample sizes and longer treatment times so that 

complete wound closure is achieved. Development of single 

EST protocol that produces optimal treatment outcomes for 

types of wounds has also been recommended. However, these 

recommendations may not be realistic. Rather, additional 

research that evaluates the effect of EST on pressure ulcer 

may not be needed. Properly designed clinical trials with 

randomization, valid healing outcomes, and ITT analysis are 

needed to determine if EST can accelerate healing rates of 

diabetic foot wounds and ischemic ulcers. Well-conducted 

and comprehensive reviews that pool results across all the 

available research regarding the effects of EST on healing 

of VLUs are also needed.

Clinicians and wound care experts tasked with consider-

ing the research evidence as they develop clinical practice 

guidelines need to consider not only the results of relevant 

SRs and meta-analyses but also the methodological quality 

of these reviews. Not all SRs are created equal, and the qual-

ity and comprehensiveness of the reviews can often explain 

inconsistent findings and conflicting conclusions.
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