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Objectives: To assess the evidence regarding effectiveness of pulsed electromagnetic energy
(PEME) on the healing of chronic wounds; to explore whether there is an optimum treatment
regime with regards to total current, pulse amplitude, pulse duration, and duration and frequency
of treatments.
Methods: A computerised literature search of the Cochrane Library, the Cumulative Index to
Nursing and Allied Health Literature (CINAHL), EMBASE and PubMed was performed. Only
randomised clinical trials (RCT), controlled trials, and clinical trials that studied a population aged
18 years of age or more and investigated the effects of a type of PEME in the management of a
chronic wound were included. The methodological quality of the included trials was assessed
qualitatively using a set of formal criteria as recommended by van Tulder et al.
Results: Eleven studies (n5360) out of 40 were included of which six were of high methodological
quality. Methodological scores ranged from one to nine (maximum 11) with a mean score of 5.5
(SD51.73). For venous ulcers, there is strong evidence that PEME is more effective than sham
PEME. For pressure and plantar ulcers, there is moderate evidence that PEME, in combination
with conventional wound care is better than conventional wound care alone. The heterogeneity in
duration, frequency, voltage and magnetic field made it difficult to make detailed comparisons or
specific recommendations regarding its application.
Discussion: Further research should focus on controlling baseline recruitment parameters within
an RCT, studying vital outcomes, and exploring combinations of parameters regarding optimum
usage of PEME.
Keywords: Pulsed electromagnetic energy, chronic wounds, ulcer, systematic review

Background
Chronic wounds are defined as wounds that fail to
heal in the expected time with conventional treatment;1 the three main types are lower limb ulcers of
vascular aetiology (arterial, venous and mixed
ulcers), diabetic ulcers and pressure ulcers. Skin
ulcers are a complex group of disorders which take
a prolonged period of time to heal, do not heal, or
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reoccur frequently. The prevalence and economic cost
of wound treatment is continually increasing and as a
result the patient, their families and the health
professionals involved, face significant medical, social
and economic problems.2
An ulcer is a breach in the continuity of an
epithelium. Pressure ulcers (also known as pressure
sores, bed ulcers, bed sores and decubitus ulcers) are
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defined as ‘an area of localised damage to the skin and
underlying tissue caused by pressure, shear, friction
and/or a combination of these’.3 The estimated annual
cost of treating pressure ulcers ranges from £1.4 to £2.1
billion, approximately 4% of the UK’s total health care
expenditure.4 The National Health Service Centre for
Reviews and Dissemination5 states that the estimated
prevalence of leg ulcers in the UK is 1.5–3 per 1000 of
the population, increasing to 20 per 1000 in people over
80 years of age. At a cost of approximately £400 million
a year,6 leg ulcers constitute a considerable cost to both
the patient7 and the health service.8 Venous ulcers
account for about 70% of chronic ulcers and result
from venous insufficiency.9 In comparison arterial
ulcers of the lower limb constitute only 10 to 20% of leg
ulcers10 and are caused by insufficient arterial blood
supply resulting in tissue ischaemia and necrosis.11
There are several factors that can impede the
three phases of wound healing (inflammation, proliferation and remodeling).12 They include malnutrition, infection, tissue hypoxia, age,13 metabolic
derangements and drugs.14 Divided into three categories, the main groups of patients likely to suffer
from chronic wounds are: the elderly, those with
spinal cord injuries and people with peripheral
vascular disease.15
Research into the role of electricity in wound
healing can be traced back as far as the 1940s.16 The
medical use of high frequency electrical currents can
be traced back as far as the 1890s17 with pulsed
electromagnetic energy (PEME) first introduced in
the early 1950s.2 Hailed as a cure for many ailments it
became popular very quickly with clinical therapists.2
It was initially introduced into the UK following the
Mexico Olympic Games in 1968 during which a
British physiotherapist observed the positive results
of using diapulse on an injured athlete.18
Pulsed electromagnetic energy encompasses the
terms pulsed short wave diathermy, pulsed electromagnetic field (PEMF) and diapulse. Short wave
diathermy uses the radio frequency wave bands of
27.12 MHz, one of three high frequency bands
allocated for medical use that prevents interference
with other bands used in communications.2 Pulsing
creates side bands with energy frequencies ranging
from 26.95 to 27.28 MHz with little in the parent
band of 27.12 MHz. These pulse lengths vary from 25
to 400 ms and the number of pulses varies between 15
and 800 s21.19 In PEME the energy is delivered in a
sequence of pulses with the ‘off’ period being much
longer than the ‘on’ period20 resulting in a lower
overall dose being given to the patient.

PEME in management of chronic wounds

Electromagnetic therapy is a field effect and not a
direct electrical effect or a form of radiation, thus
making it distinct from most other forms of electrotherapy. Electromagnetic energy is made up of two
components: the electric field (E-field) and the magnetic field (H-field).21 It has been proposed that cell
oscillation caused by the E-field and alterations in cell
potential and ionic interchange by the H-field18 can
account for some of the physiological effects of PEME.
Essentially, the aim of PEME is ‘to give the tissues
an energy boost in the form of an electromagnetic field
without the tissues being required to tolerate a thermal
load’.2 There are several theories underpinning the
therapeutic usage of PEME, the simplest being that the
electromagnetic energy ‘stirs’ ions, molecules, membranes and cells thus enhancing phagocytic and
enzyme activity and transport across membranes.22 It
is also proposed that the electromagnetic field can alter
cell membrane potential, influencing the flow of ions
across it, therefore restoring normal cell potential in
damaged cells.21 The physiological effects are thought
to include: an increase in the number of white cells and
fibroblasts in a wound, improved rate of oedema
dispersion and re-absorption of haematomas, reduction of inflammation, enhanced deposition and organisation of collagen and fibrin, stimulation of
osteogenesis21,23 and enhanced blood flow.24 Pulsed
electromagnetic field may have the ability to influence a
number of the processes involved in the healing of
wounds but the extent to which wound healing rates
are actually increased is unclear.
A survey of physiotherapists’ use of electrophysical
agents in Australia found that less than half of those
who responded had shortwave diathermy available,
very few used it daily and those who did tended to use
continuous shortwave.25 In contrast, in England
PEME is one of the most commonly used electrotherapy modalities within physiotherapy,26 despite
the lack of standardisation regarding the type,
duration, frequency and intensity of PEME implemented and ongoing questions regarding its clinical
effectiveness. A number of studies have evaluated the
effects of PEME on wound healing, but at this time
no systematic review evaluating all chronic wounds
has been performed. For such a well-utilised treatment,26 it is essential that the methodological quality
of relevant literature be identified to enable evidencebased recommendations to be made.

Objectives
This review aims to systematically assess the evidence
for any effect of pulsed electromagnetic energy on the
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healing of chronic wounds, and to explore how
varying different parameters of stimulation, such as
total current, pulse amplitude, pulse duration, treatment schedule etc affect healing. This review will seek
to answer the following questions:
(i) short-term aims:

N
N

Does pulsed electromagnetic energy
therapy accelerate the rate of wound
healing?
If yes, what is the optimum treatment
regimen with regards to total current,
pulse amplitude, pulse duration, and
duration and frequency of treatments?

arterial leg, mixed arterial, chronic, decubitus) or sore
(pressure, bed).
Types of intervention: Any form of pulsed electromagnetic therapy for healing any type of wound
compared with sham or a different intensity of pulsed
electromagnetic therapy, no pulsed electromagnetic
therapy or other treatments.
Types of outcome measures:
Primary outcomes: wound healing defined by
objective measures such as:

N
N
N

time to complete healing
proportion of wound healed within the trial period
rate of change in wound size (surface area, depth
or volume).

(ii) long-term aim:
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N

To provide recommendations for clinical practice and further research.

Methods
Search strategy for identification of studies

Relevant studies were identified using a computerbased literature search of four databases. The
Cochrane Database of Systematic Reviews, the
Cochrane Wounds Group Specialised Register,
the Cochrane Central Register of Controlled Trials
and the Cochrane Database of Abstracts of Reviews
of Effect (Cochrane) (last searched December 2008);
PubMed Central (last searched December 2008);
EMBASE on OVID (1980 to December 2008); and
the Cumulative Index to Nursing and Allied Health
Literature (CINAHL on OVID) (1982 to December
2008). There was no restriction on the basis of
language, date of trial or publication status. The
databases were searched using the highly sensitive
search strategy recommended in the Cochrane
Collaboration Handbook.27 The keywords used were:
wound healing, pressure ulcer, pressure sore, decubitus ulcer, leg ulcer, varicose ulcer, diabetic foot,
chronic ulcer, venous ulcer, electromagnetics, electromagnetic field, electric stimulation, diathermy, diapulse, magnetic therapy, magnetic field, pulsed
stimulation, pulsed therapy, randomised controlled
trial, clinical trial, case study and controlled trial.
Keywords were combined together.
Criteria used in considering studies for this review

Types of studies: Randomised controlled trials
(RCTs), controlled trials or clinical trials.
Types of participants: Studies involving human
subjects aged 18 or over diagnosed with a chronic
ulcer (pressure, venous leg, varicose, diabetic foot,
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Methods of review

In the first stage of selection the titles and abstracts of
identified articles were assessed according to the
eligibility criteria. A study was excluded if it was clear
from the title and/or abstract that it was not relevant.
The full article was obtained if the study’s degree of
relevance was unclear or the abstract for a title
deemed relevant was not available. Full papers were
checked to identify those eligible for inclusion.
Another author repeated this process to provide
verification. Any disagreements were resolved by
discussion and if necessary referred to a third
reviewer for adjudication. The reference lists of
selected articles were reviewed for additional relevant
studies.
Methodological quality

The methodological quality of each study and quality
of reporting was assessed using a set of formal criteria
(Table 1) and applied using a uniform operationalisation of criteria (Table 2) as recommended by van
Tulder et al.28 Only the criteria pertaining to internal
validity were applied. A pilot test of methodological
quality assessment, recommended by van Tulder
et al.,29 was performed on selected articles not
included in the review to ensure both reviewers
agreed on a common interpretation of the scale items
and their operationalisation. The van Tulder scale
was chosen as it includes all the criteria of Jadad
et al.30 and Verhagen31 and measures all but one of
the PEDRO scale criteria.32 Each criterion is scored
yes (Y), no (N) or do not know (DK) with only an
answer of yes scoring one point each. A study was
considered high quality if it fulfilled six or more of the
11 internal validity criteria.33 The studies were not
blinded for authors, institutions or journals in which
the studies were published.
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Table 1 Methodological quality28
A
B
C
D
E
F
G
H
I
J
K

Was the method of randomisation adequate?
Was the treatment allocation concealed?
Were the groups similar at baseline regarding most prognostic indicators?
Was the patient blinded to the intervention?
Was the care provider blinded to the intervention?
Was the outcome assessor blinded to the intervention?
Were co interventions avoided or comparable?
Was the compliance acceptable in all groups?
Was the dropout rate described and acceptable?
Was the timing of the outcome assessment in all groups similar?
Did the analysis include an intention-to-treat analysis?

Published by Maney Publishing (c) W. S. Maney & Son Limited

Data extraction and analysis

The procedure for data collection and extraction was
conducted in accordance with the guidelines
described by van Tulder et al.28 Data was independently extracted and summarised from each study.
The type of chronic wound, study population, study
design, inclusion/exclusion criteria, outcome measures, co-interventions and study results were
recorded. For each intervention, the mode, frequency, pulse rate, pulse duration, peak power, and
duration of PEME applied were also recorded.
A qualitative analysis (‘best evidence synthesis’)
was conducted using a rating system consisting of
four levels of evidence:

N
N
N
N

Level 1– strong evidence: generally consistent
findings in multiple high quality trials
Level 2 – moderate evidence: generally consistent
findings in multiple low quality trials and/or one
high quality trial
Level 3a – limited evidence: only one low quality
trial
Level 3b – conflicting evidence: inconsistent
findings in multiple trials

N

Y/N/DK
Y/N/DK
Y/N/DK
Y/N/DK
Y/N/DK
Y/N/DK
Y/N/DK
Y/N/DK
Y/N/DK
Y/N/DK
Y/N/DK

Level 4 – no evidence: no RCTs and no doubleblind trials.

Subgroup analyses were planned for the following:
(a) pressure ulcers
(b) venous ulcers
(c) plantar ulcers.

Results
On initial examination of the titles and abstracts
yielded from the database search, 40 studies were
included. Following review of the full text, 29 studies
were excluded, resulting in 11 studies eligible for
inclusion in the review. Figure 1 summarises the
process of study selection and the number of studies
excluded at each stage. Results are recorded in the
quality of reporting of meta-analyses (QUORUM)
statement flow diagram (Fig. 1).34
Methodological quality

The methodological quality of the studies (see
Table 3) ranged from one point to nine points with
a mean of 5.5 (standard deviation 1.73; median 6) out

Table 2 Operationalisation of the criteria28
A

B

C
D
E
F
G
H
I

J
K

A random (unpredictable) assignment sequence. Examples of adequate methods are computer generated random
number table and use of sealed opaque envelopes. Methods of allocation using date of birth, date of admission,
hospital numbers, or alternation should not be regarded as appropriate.
Assignment generated by an independent person not responsible for determining the eligibility of the patients.
This person has no information about the persons included in the trial and has no influence on the assignment
sequence or on the decision about eligibility of the patient.
In order to receive a ‘yes’ groups must be similar at baseline regarding demographic factors, duration and
severity of complaints, percentage of patients with neurologic symptoms, and value of main outcome measure(s).
The reviewer determines when enough information about the blinding is given in order to score a ‘yes’.
The reviewer determines when enough information about the blinding is given in order to score a ‘yes’.
The reviewer determines when enough information about the blinding is given in order to score a ‘yes’.
Co-interventions should either be avoided in the trial design or comparable between the index and control group.
The reviewer determines if the compliance to the intervention is acceptable, based on the reported intensity,
duration, number and frequency of sessions for both the index intervention and the control interventions.
The number of participants included in the study but who did not complete the observation period or were not
included in the analysis must be described and reasons given. If the percentage of withdrawals and dropouts does
not exceed 20% for short-term follow-up and 30% for long-term follow-up and does not lead to substantial bias, a
‘yes’ is scored.
Timing of outcome assessment should be identical for all intervention groups and for all important outcome
assessments.
All randomised patients are reported/analysed for the most important moments of effect measurement (minus
missing values) irrespective of non-compliance and co-interventions
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Figure 1 The quality of reporting of meta-analysis (QUORUM) statement ﬂow diagram34

internal validity criteria and five36,38,41,44,45 were of
low quality. There was no clear trend relating to
publication date and time of publication.

of 11. Overall, studies performed best in having
comparable timing of outcome assessments35–43
avoiding the use of co-interventions35–37,39–45 and in
adequately describing an acceptable dropout
rate.35,37–40,42–44 Blinding of the patient35,37–40,42–44
and outcome assessor35,37,39–43 to the intervention
were also performed well. In contrast however, only
50% of studies blinded the care provider38,39,42–44
and just one used concealed allocation during
recruitment.35 Although performed by eight studies35,37–41,42,44 only three employed a satisfactory
method of randomisation.35,41,42 In addition, only
two studies adequately performed an intention-totreat analysis36,38 and despite a number of betweengroup comparisons being made throughout the
studies, there was a high degree of group variability
at baseline.35–38,40,41,43,44 It should be noted that
failure to report on key information resulted in 27.3%
of the total internal validity criteria scoring a ‘don’t
know’. Overall six studies35,37,39,40,42,43 in this review
were of high quality scoring at least six points in

Study characteristics

The study characteristics and the protocols employed
within each study are shown in Tables 4 and 5
respectively. Eleven studies were included, using a
total of 360 participants. Overall there were 183 male
participants compared to 170 female participants,
with two studies involving males only.39,41 The sex of
seven of the participants is unknown, as one study40
failed to record the participants that withdrew or
dropped out of the study. The mean number of
subjects used was 32, with the sample size ranging
from 19 to 86 and the age of participants ranging
from 20 to 101 years of age. In total just 8.4% of all
participants (n523) withdrew or dropped out of a
study. Reasons cited included: not adhering to
program parameters (n511), personal reasons
(n53), ulcers revealed to be malignant (n53),

Table 3 Methodological quality scores
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Study

A

B

C

D

E

F

G

H

I

J

K

Total score

Comorosan et al.44
leran et al.35
Itoh et al.36
Jeran et al.37
Kenkre et al.38
Saltzberg et al.39
Sarma et al.40
Seabourne et al.41
Stiller et al.42
Sukhotnik45
Todd et al.43

DK
Y
N
DK
DK
DK
DK
Y
Y
N
N

DK
Y
DK
DK
DK
DK
DK
N
DK
DK
N

N
N
N
N
Y
Y
N
N
Y
DK
N

Y
Y
N
Y
Y
Y
Y
N
Y
DK
Y

Y
Y
N
DK
DK
Y
N
N
Y
DK
Y

DK
Y
DK
Y
DK
Y
Y
Y
Y
DK
Y

Y
Y
Y
Y
N
Y
Y
Y
Y
Y
Y

DK
Y
DK
Y
Y
Y
Y
DK
DK
DK
DK

Y
Y
Y
Y
DK
Y
Y
DK
Y
DK
Y

N
Y
Y
Y
Y
Y
Y
Y
Y
DK
Y

N
N
Y
N
Y
N
N
N
N
DK
N

4
9
4
6
5
8
6
4
8
1
6
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Decubitus

Decubitus

Decubitus
Decubitus
Venous

Venous
Venous

Plantar
Venous

Venous

Venous

Comorosan et al.44

Seaborne et al.41

Salzberg et al.39
Itoh et al.36
Ieran et al.35

Jeran et al.37
Kenkre et al.38

Sarma et al.40
Stiller et al.42

Sukhotnik45

Todd et al.43

CMF
PMF
PEMF

PMF
PELUT

PEME
Diapulse
Single pulse electric
current generating a
magnetic field
PEMF
PEMF

PEME

Diapulse

Type of Stimulation
6
4
700 W
700 W
700 W
700 W
293–975 W
6

27.12
27.12
27.12
27.12
27.12
27.12
27.12
27.12
0.036
0.042
0.199
0.23

Field strength 60

50

75
600
400
sinusoidal form 0.95 to 1.05 Hz amplitude ¡ 2400 nT
Duty cycle 25% electric field 0.05 mV cm21

600
400
A: 20
B: 20
C: 110
D: 110
80–600
600
75

Peak Power

Power
Density
W cm22

2.7 mT
25 mT

2.8 mT

Magnetic
Field

30–50 mT
35 mT
Intensity 5 Hz

3.5ms

1.3 ms

65 ms
65 ms
400 ms
400 ms
400 ms
400 ms
65 ms
65 ms
1.3 ms

Pulse
Duration

20–30
20
15

4 h/day
30
30
30
180

30
20
20
20
20
20
30
30
3–4 h/day

Rx Duration
min

1
1

1
1
1
1

2
1
2
2
2
2
2
2

No.
Rx/day

2

5
5
7
7

7

14
7
5
5
5
5

No.
Rx/wk

max 90 days
1
5 (wk 2–6)
4
8–12 (or
till healed)
15–25 days
12–20 days
5

up to 8
up to 8
4 (Rx wk 2 and
4 (Rx wk 2 and
4 (Rx wk 2 and
4 (Rx wk 2 and
up to 12
up to 22
max 90 days

Intervention
Duration wks

4)
4)
4)
4)

Key: ms – microseconds, CMF – constant magnetic field, Hz – hertz, mT – microteslas, PEME – pulsed electromagnetic energy, PEMF – pulsed electromagnetic field therapy, PMF – pulsed
magnetic field, W – watts, Rx – treatment.

Wound

Study

Pulse Rate
Frequency MHz pps Hz21

Table 4 PEME protocol employed within included studies
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0%
0%

A: 9
B:5
C:5

Pts with skin lesions of venous
origin in the leg

Pts with venous ulcers

Unsatisfactory healing for
>4 wks

Jeran et al.37

Kenkre et al.38

B: 0%

B:13

(n519)

Total

(n521)

0%

9.5%

A: 9%
B: 10%

A: 11
B: 10

(n520)

A: 0%

A: 7

Pts with stage II or stage III
pressure ulcers that were
demonstrably slow or failed to
heal with conventional Rx

Total 16%

B: 14%

B: 22

(n544)

A: 18%

A: 22

Itoh et al.36

Pts with venous ulcers
>3 mths duration
No steroid therapy, arterial
or systemic disease

NS

C: 20

Ieran et al.35

NS
NS

A: 5
B: 5

Pts with stage II or stage III
pressure ulcers

Comorosans
et al.44

(n530)

% withPts in trial drawals

Population

Study

Table 5 Study characteristics

A: sham electromagnetic therapy, followed
by 4 wk observation.
B: Elmedistraal device followed by 4wk
observation
C: Elmedistraal device followed by 4 wk
observation

A: PEMF stimulation and standard therapy
B: sham PEMF stimulation and standard
therapy

Up to 8 wks conventional treatment followed
by
A: stage II ulcers – diapulse and conventional
treatment
B: stage III ulcers – diapulse and conventional
treatment

B: sham electric current therapy and Oral
and local antibiotic therapy

A: single pulse electric current generating a
magnetic field and oral and local antibiotic
therapy

C: diapulse Rx and conventional Rx

A: conventional Rx
B: sham diapulse Rx and conventional Rx

Intervention

Clinical global
Assessment score

Pain VAS (mm)

Mean weight of ulcer

Pain (VAS)

Days to heal
Oedema

Healing duration

Work performance
Malleolar oedema
Ulcer size (cm2)

Mean ulcer size
Pain VAS

Time to heal

% complete healing

Ulcer size (cm )
status of healing

2

Outcome measures

Published by Maney Publishing (c) W. S. Maney & Son Limited

B: 103

Day 50 A: 78

C: 68
C: 30
Mean pain scores pre/post
Rx (mm)
A: 47 v 41
B: 60 v 17
C: 62 v 36

B: 98

Day 5 A: 114

A: mean 2.3 wks (range
1–6 wks)
B: mean 8.85 wks (range
1–22 wks)
No. healed at end of Rx
A: 9/10 (average no. of
days571)
B: 4/9 (average no. of
days578)
In B 1 reoccurred 2 wks after
healing)
No ulcers .20 cm2 healed in
either group.
No. ,20 cm2 that healed
A: 9/9 B: 3/6
Mean weight of ulcer at

Time for complete healing

Reoccurrence of healed ulcer
A: 25%
B: 50%
All 22 pts healed

A: 12/18 (66.6%)
B: 6/19
(31.5%)
Average healing
A: 76 days
B: 71 days

At end of Rx
A: 4/5 unhealed, 1/5 ,25%
healed
B: 4/5 unhealed, 1/5 ,25%
healed
C: 17/20 healed, 3/20 75–95%
healed
Healing at 90 days

Results/comments

McGaughey et al.
PEME in management of chronic wounds
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Sukhotnik45

Stiller et al.42

Pts with lower limb trophic
ulcers of various geneses

Pts with venous full-thickness
leg ulcer ,7 cm.
Unsatisfactory healing for
> 4 wks, stable size last
2 wks. No arterial, heart or
cerebovascular disease or
claudication

Non-ambulatory male pts with
pressure sores in trochanteric
or sacral area. No pacemaker

Seaborne
et al.41

SCI pts with stage II or III
pressure ulcers. No multiple
ulcers, recent ulcer surgery,
terminal illness, infection, joint
replacement, or pacemaker

Ambulatory leprosy pts with
chronic plantar ulcers
.3 mths duration

39

Population

Sarma et al.40

Salzberg et al.

Study

Table 5 Continued

Total 13%

(n531)

2009

VOL

(n586)

NS
NS
NS

B: 23%

B: 13

A: 39
B: 22
C: 25

A: 5.5%

NS
NS
NS
NS

A: 18

(n520)

A: 5
B: 5
C: 5
D: 5

Total 17.5%

(n530)

(n540)

Total 3.3%

B: 15

A: 10%
B: 25%

B: 0%

A: 15

A: 20
B: 20

A: 6.7%

% withPts in trial drawals

Sore surface area

Mean volume of ulcer

% pts healed completely
% decrease in ulcer size

% of ulcer healed at
1 wk
Days to 100% healing
Ulcer size (cm)

Outcome measures

Stage II: median % of ulcer
healed at 1 wk
A: 84
B: 40
Median days to 100%
healing
A: 13
B: 31.5
Median size at 1 wk
A: 2.7cm
B: 16.5cm
Stage III: mean % pts healed
completely
A: 60
B: 0
Mean % decrease in ulcer
size
A: 70.6
B: 20.7
Mean decrease in volume
At 2 wks
A: 44%
B: 34%
At end of Rx
A: 86%
B: 40%
Highly significant reductions
in surface area within each
group at the 4th (p,0.007)and
5th (p,0.001) evaluation
compared with initial evaluation
No statistically significant
between-group differences.
Average change in wound SA

Results/comments

B: sham PELUT therapy and daily wound care

Wound depth
Pain intensity

A: Q47.1%
B: q48.7%
Average reduction in wound
depth
Amount of granulation
A: 0.24¡0.04 cmR0.13¡
tissue
0.02 cm
Clinical global Ax
B: 0.26¡0.01 cmR0.25¡
0.03 cm
Reduction in pain intensity
A: 0.61
B: 0.15
A: control group – no treatment
% ulcer healed/day
Average days to ulcer clearance
B: constant magnetic field applied
Pain relief/day
A: 14 B:12 C:13
C: alternating magnetic field applied
Rate of oedema reduction % ulcer healed /day
Days to complete healing A: 2 B: 3.2 C: 3.6
BzC had combined treatment of lower limb
Rate of healing/day
Statistically significant withinlifted position, strapping, drugs, spasmolytics,
group differences in B and C in
anticoagulants, vitaminotherapy and bandages
% ulcer healed/day, reduction
with the magnetic therapy
in oedema and rate of ulcer
healing

All groups received routine nursing procedures
through out the trial
A: PELUT device and daily wound Rx
% wound SA

A: PEME (H-field)
B: PEME (E-field)
C: PEME (H-field)
D: PEME (E-field)

A: PMF Rx and conventional wound Rx
B: sham PMF Rx and conventional wound Rx

B: sham PEME moist saline and gauze Rx

A: PEME and moist saline and gauze Rx

Intervention
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Key: Ax – assessment, cm – centimetre, mm – millimetre, mths – months, NS – not stated, PELUT – pulsed electromagnetic limb ulcer therapy, PEME – pulsed electromagnetic energy, PEMF –
pulsed electromagnetic field therapy, PMF – pulsed magnetic field, Rx – treatment, SA – surface area, SCI – spinal cord injury, VAS – visual analogue scale, wks – weeks

B: 9.06%
Average reduction in lower leg
girth
A: 2.77%
B: 1.16%
No statistically significant
differences btw groups. Huge
discrepancy in ulcer duration
btw groups
% of pain
Presence of infections

A: 22.04%
Lower leg girth

Ulcer size

A: 2 wks standard ulcer therapy followed by
PEMF therapy
B: 2 wks standard ulcer therapy followed by
sham PEMF therapy
Pts with resistant varicose leg
A: 10
ulcers. Excluded if palpable
B: 9
dorsalis pediszposterior tibial
pulsation with no ischaemic skin
signs. No neoplasia, pacemaker
or DVT in last year
(n519)
Todd et al.43

A: 20%

Outcome measures
Population
Study

Table 5 Continued

% withPts in trial drawals

Intervention
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development of cellulitus around ulcer (n52), diagnosis of rheumatoid arthritis (n51), patient lost to
follow-up (n51), allergic reaction (n51) and for one
patient no reason was given. Whilst the dropout rates
stated were acceptable, it must be noted that the van
Tulder scale33 only considers overall dropout. Had
each group been evaluated independently, the control
group short-term attrition rates in two studies40,42
would have been deemed unacceptable.
Nature of interventions

The 11 studies used participants with venous
ulcers,35,37,38,42,43,45 pressure ulcers36,39,41,44 and
chronic plantar ulcers.40 Table 3 summarises the
type, pulse rate, pulse duration, peak power, intensity, and frequency of PEME; the duration of each
treatment; number of treatments per day, the number
of treatments per week and the total duration of the
treatment.
In total five different forms of electromagnetic
energy were applied; PEME (diapulse), PEMF
therapy, pulsed electromagnetic limb ulcer therapy,
pulsed magnetic field (PMF) therapy and a single
pulse of electric current that generates a magnetic
field. The duration and frequency of interventions
were not consistent across the studies. The treatment
per day ranged from 15 min,43 to 4 h,35,37 and
number of treatments per week from 2 to 14 sessions.
The greatest difference was in the total number of
hours in which a form of pulsed electromagnetic
therapy was applied. This varied from as little as
2.5 h,43 to as much as 360 h of therapy35,37 In regard
to the treatment protocols there were a few similarities. Seven studies’ treatment sessions lasted
between 20 and 30 min each36,38–41,43,44 and two
studies35,37 reported that their sessions can last up to
4 h. However, it was not reported if the 4 h treatment
was continuous or intermittent throughout the day.
With the exception of three studies38,41,43 treatments
were performed every day throughout the trial.
The parameters of the electromagnetic therapy
employed also varied. Four studies36,39,41,44 used
PEME (diapulse) at a frequency of 27.12 MHz with
the pulse rate ranging from 20 to 600 pulses per
second (pps) and the pulse duration from 65 to
400 ms. While two of the studies36,44 used one of the
six peak power settings on the machine; one study41
used a peak power of 700 W and the remaining
study39 did not specify, stating it ranged from 293 to
975 W.
Four studies37,38,43,45 evaluated the effect of PEMF
therapy and one35 used a single pulse electric current
generating a magnetic field. Two studies35,37 were
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very similar; using the same pulse rate (75 pps); pulse
duration (1.3 ms) and treatment duration, with the
only disparity a magnetic field difference of 0.1 mT.
The earlier study37 appears to be a preliminary report
of the study conducted and the latter the complete
findings. In comparison, two studies’38,45 intervention
parameters included magnetic fields of 25 and 35 mT
respectively and a pulse rate of 600 pps,38 and
frequency of 50 Hz.45 The lack of homogeneity
present within the studies is highlighted further with
three studies40,42,43 reporting parameters such as
sinusoidal form, amplitude, electric field, duty cycle
and field strength. Although all studies implemented
a type of pulsed electromagnetic energy, the heterogeneous nature of the programmes implemented
makes comparisons difficult. All studies explicitly
stated the goal of stimulating healing in chronic
ulcers by using electromagnetic therapy.
Effectiveness of treatment

Pulsed electromagnetic therapy in treating venous ulcers

Four high quality studies35,37,42,43 (three RCTs, one
controlled trial) and two low quality studies38,45 (one
RCT, one controlled trial) evaluated the effect of
pulsed electromagnetic therapy on venous ulcers.
Five studies35,37,38,42,43 compared PEME with sham
PEME, reporting better outcomes (i.e. number of
ulcers healed; the reduction in ulcer size and time to
complete healing) for the active group. The remaining
study45 compared the efficacy of constant and
alternating magnetic fields in the treatment of trophic
ulcers, although this study is of very low quality. One
study37 failed to perform any statistical analysis and
another failed to perform between-group analysis.45
Of those that performed an analysis only one found
no statistically significant (p,0.05) between-group
differences following treatment.43 A number of
studies reported statistically significant betweengroup (p,0.05) improvements in the success rate of
healing at 90 days, the overall healing at 1 year,35
wound surface area at 8 weeks, global assessment
score, wound depth,42 pain intensity38,42 and overall
healing38 in favour of the active group. One study38
found greater pain relief in the two groups receiving
PEMF therapy compared to the control group, but
the trend for overall healing was less positive. At the
end of treatment (day 30), the placebo group had
greater overall healing than a PEMF group (600 Hz).
This was explained by one patient in the active group
having a large ulcer with poorly defined boundaries,
in what was a small sample size. By day 50, however,
both active groups had significantly better mean
reduction rates than the placebo. Whilst they all

PEME in management of chronic wounds

reported positive results, the total treatment time
varied from 15 to 360 h. Four studies reported on the
change in ulcer size as a result of PEME38,42,43,45 but
two35,37 reported on its ability to completely heal
ulcers in a specific time. In the three studies35,37,42
where treatment lasted between 3 and 4 h/day, the
participants were taught to apply their own treatment. Participants in the remaining two studies38,43
attended a clinical unit.
There was a significant difference in the initial
surface area of ulcers, not only between the different
studies but also between the groups. In general the
greatest improvements in the rate of healing and ulcer
size were found in small ulcers (i.e. ,15 cm2). One
study37 found that 4 h of PEMF therapy for a
maximum of 90 days was insufficient to heal any
ulcer with a surface area .20 cm2. In comparison, a
study35 with similar parameters found that three out
of four ulcers .15 cm2 healed within 9 months
following the end of therapy.
PEME was found to be a safe and effective
adjunctive therapy,35,42 that can provide significant
gains in the healing of venous leg ulcers.38 Studies
concluded that whilst it has demonstrated a positive
effect towards treating ulcers37 more research is
required.37,43 There is strong evidence (level 1) that
pulsed electromagnetic therapy has a positive effect
on wound healing and that it may be more effective
than no pulsed electromagnetic therapy in treating
ulcers of venous origin.
Pulsed electromagnetic therapy in treating pressure ulcers

One high quality RCT39 and three low quality
studies36,41,44 evaluated the effect of pulsed electromagnetic therapy on pressure ulcers. It was compared
with sham PEME treatment in two studies39,44 and
varying parameters of PEME in another study.41 The
remaining study used the same parameters of PEME
on separate groups of stage II and stage III pressure
ulcers, following an 8 week observation period.36 All
studies continued to use some form of conventional
treatment throughout the studies, although this also
varied. The 100 participants in these studies had a
variety of primary diagnoses: cerebrovascular accident, spinal cord injury, Alzheimer’s, organic brain
syndrome, spinal cord tumour, diabetes mellitus,
spinal stenosis, systemic altherosclerosis and multiple
sclerosis.
All patients were treated in a clinical environment
for between 20 and 30 min per session. Two
studies36,44 did not perform any form of statistical
analysis. The only high quality study39 found
statistically significant between-group differences
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(p,0.05) regarding the percentage of ulcer healed at 1
week, the median size of the ulcer at 1 week and the
median days to complete healing.39 It concluded that
PEME therapy combined with standard wound care
was significantly more effective at healing ulcers
compared to standard treatment alone. One study39
found that the rate of healing of grade II pressure
ulcers was more than doubled in the active group. It
found statistically significant improvements in the
percentage healed at 1 week and the median days to
complete healing, in the group of stage II pressure
ulcers receiving active treatment. In comparison,
although grade III ulcers reportedly healed faster in
the active group, no statistical analysis was performed for the stage III ulcer group. It must also be
noted that the primary outcome measure, the time to
100% healing, was only assessed in the stage II group.
Another study36 reported the complete healing of all
stage II ulcers (in 1 to 6 weeks) and stage III ulcers (in
1 to 22 weeks) with diapulse treatment, although no
statistically significant findings were found. This was
following up to 8 weeks of conventional treatment,
where no evidence of healing was demonstrated. Also
a study41 found significant reductions in sore surface
area, within four groups receiving various parameters
of PEME therapy, but no significant between-group
differences at the end of treatment. Despite this it
concluded that the positive results found were most
likely not due to a placebo effect, time effect, or
nursing procedures, but due to the PEME treatment.
Three studies36,41,44 used similar program parameters, with the main difference being the duration of
the intervention employed. A 22 week study36 had a
100% healing success but in comparison an 8 week
study44 had 85% of ulcers healed completely and 15%
of ulcers between 75 and 95% healed. The main
difference was an additional daily dose of PEME at a
lower intensity. Studies concluded that PEME is a
safe, simple treatment that accelerates wound healing. The low costs of operation44 and improved rate
of healing can provide significant cost savings and
improved patient care, for what in health care is a
very expensive problem.36,39,44 There is moderate
evidence (level 2) that pulsed electromagnetic therapy, combined with conventional wound care will
improve the healing of pressure ulcers and that it is
more beneficial than conventional wound care alone.

patients. Statistically significant within-group differences were found between the volume of ulcer on
admission and at the end of treatment for both
groups and between admission and the end of week 1
and 2 for the active group. The only significant
between-group difference was between admission and
the end of treatment, with the ulcer size decreasing by
40% or more in 53% of the control compared to 89%
in the PMF group (p50.02). A decrease of 80% or
more was observed in 33% of the PMF group and
none in the control group (p50.01). The study
concluded that exposure to PMF causes a substantially more rapid rate of healing of the ulcers than in
those who received conventional wound treatment
only. As only one patient managed complete healing
at the end of the treatment period (4 to 5 weeks), a
larger trial is needed to determine if more patients
would have healed with a longer trial. Overall, there
is moderate evidence for the use of PMF therapy in
the treatment of plantar ulcers in leprosy patients.

Pulsed electromagnetic therapy in treating plantar ulcers

Discussion

A single high quality RCT40 evaluated the effect of
PMF therapy and standard wound care compared
with sham PMF therapy and standard wound care,
on the rate of healing of plantar ulcers in leprosy

As previously stated, the overall aim of this study was
to evaluate if PEME therapy can accelerate wound
healing. Previous reviews have found little supporting
evidence on the effect of electromagnetic therapy on
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Outcome measures

The mean ulcer surface area was the most common
outcome measure used, but the methods and scales
utilised varied. Millimeters and centimeters squared
were the most common values used, but one study38
calculated the area using the weight of sterile acetate
sheets that cover the site. There were a variety of
outcome measures, with the visual analogue scale
measuring pain, the percentage of healing and the
days to complete healing the most frequently used.
Despite the impact that chronic ulcers can have on
patients only two studies35,38 assessed the impact that
the ulcer had on quality of life/daily activities.
Generally, the primary outcome measures used were
similar and appropriate for assessing the studies’
stated aims.
There are some similarities between trials that
evaluate the same form of PEME, but problems arise
when comparing one form of therapy to another.
Overall 10 studies concluded positive findings,
although few statistically significant between-group
results were found. Six were of high methodological
quality; therefore there is strong evidence to support
that PEME has a positive effect in the treatment of
chronic wounds, but the extent of this is still
unknown.
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treating pressure ulcers,46 venous leg ulcers47 or as
adjunctive treatments for chronic skin wounds.48
Whilst electromagnetic therapy may promote wound
healing, one review found that the methodological
flaws in how studies were conducted, led to considerable uncertainty as to whether it provides clinically
significant health benefits. This is the first review to
systematically assess PEME therapy in the treatment
of all chronic wounds but the lack of RCTs identified
highlights a gap in the literature regarding the use of
PEME therapy.
Briefly, 11 studies (n5360) out of 40 were included
of which six were of high methodological quality.
Methodological scores ranged from one to nine
(maximum 11) with a mean score of 5.5 (SD51.73).
For venous ulcers, there is strong evidence that
PEME is more effective that sham PEME. For
pressure and plantar ulcers, there is moderate
evidence that PEME, in combination with conventional wound care is better than conventional wound
care alone. The heterogeneity in duration, frequency,
voltage and magnetic field made it difficult to make
detailed comparisons or specific recommendations
regarding its application.
This review is somewhat restricted. The selection of
all relevant studies is crucial to the validity of a
systematic review33 to limit the degree of bias. Due to
limited resources the English translation of one study
was unable to be obtained therefore excluding a
potentially relevant trial. Failure to identify all
potentially relevant trials can lead to bias.49 In terms
of methodological assessment, no attempts were
made to contact authors to clarify any absent
information, a factor that should be addressed in
subsequent reviews. Also, the reviewers were at no
point blinded to the authors or journals, which may
have led to study bias. A meta-analysis was not
undertaken primarily due to the heterogeneous
nature of the studies’ interventions, and due to the
variety of outcome measures used. Therefore this
review is limited in its recommendations for clinical
practice. Finally, this review did not assess clinical
appropriateness or cost-effectiveness, but instead
concentrated on statistical significance. It is conceded
that statistical significance is not always reflective of
clinical significance; this may be a subject for further
investigation.
A failure to report on 27.3% of the internal validity
criteria clearly highlights an important methodological shortcoming within the studies, thus impeding an
accurate estimation of quality.50 Despite a mean
methodological score of 5.5 the contrast in treatment
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protocols made comparisons between studies difficult. It should be noted that more journals are
accepting the CONSORT statement on enhancing the
quality of reporting of RCTs,51 which will hopefully
lead to more methodologically rigorous RCTs,52 with
greater standardisation. The areas most in need of
improvement are description of randomisation, concealed treatment allocation, baseline comparability
between the groups, and intention-to-treat analysis.
With both the earliest and most recent study being of
high methodological quality there wasn’t a clear
trend relating to study quality and publication date.
However, two out of the three most recent studies
were of low quality, demonstrating deterioration in
methodological quality. As expected the RCTs were
superior in quality overall, with two exceptions.38,44
To achieve a homogeneous group, participants
must be clearly defined in terms of the type and
duration of their condition.53 The most difficult
variable to control in a wound healing trial is that
of initial wound size.39 In the three studies35,41,42 that
performed an adequate method of randomisation
only one study42 demonstrated baseline comparability between the groups. Due to the small number of
participants involved and the large degree of variability between study populations, any randomisation
process will not provide an even distribution of size.
In addition, the small sample sizes can give rise to
type II error by reducing the power of statistical
analysis.54 This error can be decreased by increasing
the sample size;54 however, it may be difficult to
obtain a large number of participants with similar
sized ulcers.
Poor baseline comparability can severely affect the
results of any trial. This was shown in one trial,43
where the large initial ulcer size of just one patient
resulted in huge baseline differences between the
groups. With varying results on the treatment of large
ulcers more research is required. The duration of the
ulcer is another important variable affecting trials,
but the question of whether PEME therapy provides
greater benefit to ulcers of shorter or more prolonged
duration is left unanswered. Studies including ulcers
of both short and prolonged durations yielded
positive results. One study38 had participants with
ulcer durations ranging from seven months to a
massive 49 years, but from their results it was not
possible to ascertain which patients benefited most.
Within clinical practice PEME therapy is commonly combined with conventional, routine or
ancillary wound care. The specific type of standard
care varies between studies, making it difficult to
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determine the value of PEME alone. Many participants received standard wound care prior to the trial,
continuing it throughout, although usually at a
different frequency/type to what they had previously
received. In a study36 where participants were used as
their own controls, it is possible that the conventional
treatment, when it interacted with PEME therapy,
jump-started the healing process. It must be taken
into account that the improved healing time may be
due to the previous treatment or the fact that
participants in trials often show better results and
receive better medical care. Also when studies38,44 use
various parameters of PEME therapy on each
patient, it is impossible to differentiate between them.
The effect that various levels of PEME have on
chronic wounds of different sizes must be considered
in future studies to enable the optimal treatment to be
found.
The nature of PEME therapy means that there are
a number of safety implications to address. These
include hazards such as burns or cardiac failure and
contraindications such as metal in the tissues or
impaired thermal sensation.2 A previous study on
osteoarthritic hip and knee pain felt that too low a
dose of PEME will have no effect and too high a dose
may be detrimental.55 Despite the different dosages
implemented in this review the majority of studies
reported no adverse effects. The only reported
incidents were of severe headaches, heat sensation,
tingling and pins and needles in the lower limb38 and
the development of cellulitus.43
The most clinically important outcome in evaluating treatment for wound healing is the percentage of
participants that heal completely,48 an outcome that
only three of the studies35,39,44 managed to assess. It
is imperative that groups undergo the same assessments and statistical analysis throughout the study. If
possible a long-term follow-up should be performed
to fully assess the effectiveness of the intervention and
to discover the number of ulcers that reoccur. There
is need for greater standardisation in the outcome
measures and scales that studies used to assess
patients to enable more comparisons to be made
across studies. In addition, the length of treatment is
a controversial issue that needs investigating further.
Positive results were found in both short and long
trials, therefore the parameters of therapy implemented need to be studied in detail. Only by altering and
studying one variable at a time, can the full potential
of PEME therapy in wound healing be discovered.
When deciding on the duration of a study, the cost of
the therapy must also be considered.
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Standard wound care places a considerable financial burden on patients, their families and the
healthcare system. At an annual estimated cost of
between 1.4 and 2.1 billion pounds a year to treat
pressure ulcers4 and approximately 400 million
pounds a year to treat venous leg ulcers,6 the financial
implications that an improved rate of healing offers
are significant. One study states that the cost of
changing a wound dressing three times a day for a
week is more than double the cost of applying two
30 min PEME treatments every day for a week.36 A
review on the cost of treating foot ulcers found that
the greatest expenses were for staff and transportation, and it recommends reducing costs by reducing
the frequency of dressing changes.56 Two studies35,42
in this review used portable units to apply the
electromagnetic energy at home. Following a demonstration and clear instruction the patients applied
their own treatment each day. Both studies reported
significant improvements in the rate of healing
following PEME treatment; therefore, not only does
this reduce the number of dressing changes required
but the self-administration of the treatment saves
valuable money on staff and transportation. The
nature of the condition means that many patients are
permanently based in a clinical facility and may not
be fit enough to treat themselves. However, the
potential benefit that a portable device offers cannot
be underestimated.
Recommendations

Further research is required to help establish appropriate treatment parameters for practice. Future
RCTs should be more vigilant in their methodological quality, particularly concerning the method of
randomisation used, including an intention-to-treat
analysis and concealment of treatment allocation.
Issues of baseline comparability, blinding the care
provider and sample sizes also need to be addressed.
Studies should use larger sample sizes to determine
the level of effectiveness.39,41 Furthermore, all methods should be thoroughly reported to allow more
accurate evaluation. Trials should include outcome
measures that promote homogeneity and comparability between trials. Assessments should be carried
out over prolonged periods to determine long-term
and therefore more meaningful effects on this chronic
condition. It is imperative that trials try to assess
ulcers of similar origin, duration and size. Different
parameters of pulsed electromagnetic therapy must
be investigated, each with their own control to
determine which is more effective. To achieve these
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aims a greater number of high quality RCTs need to
be undertaken.
In conclusion, there is strong evidence to suggest
that PEME has a positive effect on the rate of wound
healing but the degree to which it is clinically
significant is less conclusive. It is felt that a detailed
and unbiased evaluation of the literature was undertaken. Despite a limited number of statistically
significant between-group differences, all of the
studies agree that the healing rate was accelerated.
However, due to the heterogeneous nature of the
interventions and numerous methodological flaws the
authors could make no definitive recommendations
for clinical practice.
Further research is required to addresses these
inadequacies and adhere to the recommendations
made. Only then can the true value of PEME be
determined, which may in the future allow for a metaanalysis and therefore more meaningful conclusions
for clinical practice.
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