Physiotherapy Research International
Physiother. Res. Int. 12(3): 175–194 (2007)
Published online 3 July 2007 in Wiley InterScience
(www.interscience.wiley.com) DOI: 10.1002/pri.375

175

Efficacy of electrical stimulation to
increase muscle strength in people
with neurological conditions:
a systematic review
JOANNE GLINSKY and LISA HARVEY Rehabilitation Studies Unit, Northern Clinical
School, Faculty of Medicine, University of Sydney, Australia
PAULINE VAN ES School of Physiotherapy, Faculty of Health Science, Maastricht
University, Netherlands
ABSTRACT Background and Purpose. Weakness in partially paralysed muscles is
a disabling impairment for people with neurological conditions. Strength training
programmes are widely administered to address this impairment. There is a common
belief that the effectiveness of strength training programmes can be enhanced by the
addition of electrical stimulation. The purpose of this systematic review was to assess
the efficacy of electrical stimulation for increasing voluntary strength in people with
neurological conditions. Method. Eligible randomized trials of electrical stimulation were
identified by searches of computerized databases. The search yielded 11 267 abstracts, of
which 60 were retrieved. Two assessors independently reviewed full text versions of
these articles. Results. Eighteen studies satisfied the inclusion criteria. These studies
involved participants with spina bifida (n = 1), cerebral palsy (n = 1), peripheral
nerve lesion (n = 1), multiple sclerosis (n = 1), spinal cord injury (n = 3) and stroke
(n = 11). The mean (SD) PEDro score for trial quality was 4.9 (1.0) out of 10. Metaanalyses of studies involving similar patients were not done because of insufficient data
or lack of homogeneity. The results of all studies were analysed individually. Conclusion.
Several studies suggest a modest beneficial effect of electrical stimulation in patients
with stroke. It is not clear whether patients with other types of neurological disabilities
benefit from electrical stimulation in the same way. Copyright © 2007 John Wiley &
Sons, Ltd.
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INTRODUCTION
Weakness is a common impairment and an
important determinant of independence in
people with neurological disabilities. Voluntary exercises utilizing the principles of progressive resistance training (ACSM, 2002)
are commonly prescribed by physiotherapists to increase strength (Ada et al., 2006;
Taylor et al., 2005). It is believed that the
effectiveness of strengthening programmes
may be further enhanced with the addition
of electrical stimulation (Paillard et al.,
2005). Electrical stimulation is common for
the treatment of neurological weakness of all
aetiologies, including cerebral palsy (Kerr
et al., 2004), peripheral nerve injury (Ramos
and Zell, 2000), spinal cord injury (Jacobs
and Nash, 2001; Faghri and Trumbower,
2005) and stroke (Pomeroy et al., 2006).
Surface electrical stimulation is typically
used in the clinical situation. It may or may
not produce a muscle contraction depending
on the intensity of the current. Electrical
stimulation that elicits a muscle contraction
can be applied to single or multiple muscle
groups, during functional activities and in
combination with voluntary effort. Electrical stimulation which does not elicit a muscle
contraction uses low-intensity sensory stimulation, typically applied during sleep (Pape
et al., 1990). Although some researchers
believe that this latter form of electrical
stimulation increases voluntary strength,
most do not. For this reason, the present
review is restricted to electrical stimulation
that elicits a muscle contraction.
Three previous reviews have looked at the
effect of electrical stimulation on voluntary
strength. However, the three reviews were
restricted to either people with stroke or children with cerebral palsy. In addition, one
review was published 10 years ago (standardized mean treatment effect = 0.6; 95% confi-
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dence interval (95% CI) 0.29 to 0.98; Glanz
et al., 1996) and another included nonrandomized trials (Kerr et al., 2004). The
most relevant of the three was a recent
Cochrane systematic review. This review
was primarily concerned with the use of electrical stimulation for motor re-training in
people with stroke and identified only one
study which had a statistically significant
outcome for torque (standardized mean treatment effect for isometric torque = 1.02; 95%
CI 0.46 to 1.59; Pomeroy et al., 2006). A
number of narrative reviews, systematic
reviews and meta-analyses have examined
the efficacy of electrical stimulation for other
purposes in people with neurological conditions. For instance, they have examined the
efficacy of electrical stimulation for improving function, improving motor control,
decreasing spasticity, preventing or reducing
shoulder subluxation, preventing and treating shoulder pain, increasing range of motion,
decreasing contractures, and assisting gait
(Singer, 1987; Glanz, 1996; Price and
Pandyan, 2001; Ada and Foongchomcheay,
2002; de Kroon et al., 2002; Quinn and
Cramp, 2003; Bolton et al., 2004; Kottink
et al., 2004; Kerr et al., 2004). However, none
have clarified the effectiveness of electrical
stimulation for improving strength. The
purpose of this systematic review, therefore,
was to examine the efficacy of surface electrical stimulation for increasing the voluntary strength of partially paralysed muscles
in neurological populations.
METHOD
Search strategy
Computerized databases were searched
from 1966 to March 2006 and included
Medline (March 1966 to Week 4, 2006),
Cinahl (1982 to March 2006) and Embase

Physiother. Res. Int. 12: 175–194 (2007)
DOI: 10.1002/pri

Strength training with electrical stimulation 177
(1980 to Week 13, 2006). All databases were
searched using the Cochrane Musculoskeletal Injuries Group optimal trial search strategy for identifying randomized controlled
trials (Clarke and Oxman, 2001) combined
with the MeSH terms, ‘electric stimulation
therapy’, ‘electric stimulation’ and key words
for electrical stimulation. The Physiotherapy
Evidence-based Database (PEDro) was
searched using ‘neurology’ in the ‘Subdiscipline’ field and ‘clinical trial’ in the
‘Method’ field. In addition, reference lists
of the randomized controlled trials and
relevant systematic reviews were hand
searched.
Inclusion of studies
All randomized and quasi-randomized
trials investigating surface electrical stimulation for the treatment of neurological
weakness of all aetiologies were included.
‘Neurological weakness’ referred to weakness secondary to upper or lower motor
neuron lesions. ‘Surface electrical stimulation’ referred to stimulation of sufficient frequency and intensity to result in a muscle
contraction, and included electrical stimulation of single and multiple muscle groups,
functional electrical stimulation, positional
feedback stimulation treatment and electromyographic (EMG) triggered electrical
stimulation. Only studies which directly
measured voluntary strength were included
(for example, any voluntary measure of
active movement, force, torque, power,
endurance, weight or functional strength).
Studies which rated voluntary strength on
ordinal scales, such as the manual muscle
test, were also included.
Studies were included where electrical
stimulation (with or without superimposed
voluntary strength training) was compared
with a control, conventional treatment, sham

Copyright © 2007 John Wiley & Sons, Ltd

treatment or a voluntary strength training
treatment. Studies were also included if the
co-intervention was the same for both the
treatment and control groups. Studies containing three or more treatment groups were
included if they compared voluntary strength
training with any of the above-mentioned
interventions. If a crossover design was
used, only the first arm of the study was
considered.
Data collection and analysis
Two pairs of reviewers (JG and PV or JG and
LH) used a predetermined inclusion criterion to independently screen titles and
abstracts identified by the computerized
searches. Full-length copies were obtained
for studies which potentially met the inclusion criteria. All studies identified in this
way were then independently reviewed by
two physiotherapists experienced in the
management of people with neurological
conditions (JG and LH). A third person was
used to resolve disagreements between
reviewers.
Data were independently extracted from
the included studies by both reviewers (JG
and LH). The following details were
extracted where possible: study design, participant characteristics, intervention details,
number of participants and initial strength.
Strength data were extracted in the form of
both pre- and post-test means or betweengroup means with corresponding standard
deviations (SDs) or 95% CIs (extracted from
tables, raw data and graphs). If SDs were not
available they were calculated from standard
errors (SEs), 95% CIs, interquartile ranges
and p values (Fleiss, 1993; Herbert, 2000).
Studies of like subjects using similar outcome
measures were considered for pooling.
Cochrane Collaboration review software
(RevMan 4.2) was used for analyses.
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Both reviewers (JG and LH) assessed
methodological quality of the included
studies using the 10-point PEDro scale
(Moseley et al., 2002). The scale, based on
the Delphi list developed by Verhagen et al.
(1998), assesses specification of eligibility
criteria, random allocation to groups, concealed allocation, groups similar at baseline,
blinding of subjects, therapists and assessors, outcome measures obtained from >85%
of subjects, between-group statistical comparisons, reporting of point measures and
measures of variability. Authors were only
contacted to clarify randomization but not to
obtain missing data. Studies with low PEDro
scores were included to better reflect the
status of current research.
RESULTS
The search of computerized databases yielded
11 267 abstracts, of which 60 full-paper copies
were retrieved. Eighteen of these studies met
the inclusion criteria. Characteristics of the
included studies are outlined in Table 1.
Forty-two studies investigating the use of
electrical stimulation in neurological populations were excluded. Reasons for exclusion
are detailed in Table 2.
The 18 included studies had participants
with spina bifida (n = 1), cerebral palsy (n =
1), peripheral nerve lesion (n = 1), multiple
sclerosis (n = 1), spinal cord injury (n = 3)
and stroke (n = 11). Sixteen of the studies
had adult and two had paediatric participants. Studies in each population were analysed separately.
No study interpreted their results with
respect to a clinically worthwhile treatment
effect. It is acknowledged that it is difficult
to nominate a clinically worthwhile increase
in strength because this depends on many
factors, including initial strength. However,
results of strength studies cannot be readily
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interpreted without some indication of a clinically worthwhile treatment effect. We therefore nominated, post-hoc, a 20% increase
from initial strength as worthwhile. This decision was based on consensus from the reviewers as well as the results of studies in people
without neurological weakness.
Spina bifida
One study included children with spina bifida
(Karmel-Ross et al., 1992). It was of moderate methodological quality (PEDro score
5/10) but had few participants (n = 5). A
within-subjects design was used to compare
functional electrical stimulation of the quadriceps muscles of one leg during standing or
gait, with a control leg. The mean difference
(95% CI) calculated from graphical representation of peak torque raw data was 4.2 Nm
(95% CI 0.5 to 7.9; Figure 1 (a)). This
reflected a 24% increase from initial strength,
suggesting a worthwhile treatment effect.
However, there is uncertainty around this
estimate as reflected by the 95% CI. The
result of this study should be interpreted with
caution because of the trial’s susceptibility to
bias and low number of subjects.
Cerebral palsy
One study was retrieved in the cerebral palsy
population (Van der Linden et al., 2003).
The methodological quality of this study
was moderate (PEDro score 6/10). A parallel-groups design compared the application
of electrical stimulation to the gluteus
maximus of one leg with a control leg. The
mean difference (95% CI) in hip extension
strength between groups was −0.5 N/kg
(−3.0 to 2.0; Figure 1 (b)). The lower end of
the 95% CI suggests no treatment effect
while the upper end of the 95% CI suggests
a convincing treatment effect (100% increase
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6/10

6/10

6/10

Powell et al.
(1999)

Kimberley
et al.
(2004)

Peurala
et al.
(2005)

5/10

7/10

Yan et al.
(2005)

Newsam
and Baker
(2004)

Quality
(PEDro
score)

Study

Parallelgroup
ES
(during
standing
or gait)
+ CT vs
CT

Parallelgroup
ES + GT
vs GT vs
CT (over
ground
walking)

Crossover
ETES +
ES vs
sham
(fi rst
arm
only)

Parallelgroup
ES + CT
vs CT

Parallelgroup
ES + CT
vs sham
+ CT vs
CT

Study
design

Stroke

Stroke

Stroke

Stroke

Stroke

Pathology

TABLE 1: Details of included studies

20

45

16

60

46

n

n/a

20

180–360

30

30

5

5

3–4

21

5

3

3

3

8

3

35

25

50

20

30

Itensity
(mA)

220
(µs)

0.3
(ms)

200
(µs)

300
(µs)

Comfort/
optimal
contraction
during
stance

40

Finger
movement

Full
extension

0.3 ms 20–30

Pulse
width

Hz

No. of
weeks

Min per
treatment

No. per
week

Electrical stimulation details

Intervention dose

Quadriceps

Two weakest
lower limb
muscles

Finger extensor

Wrist and fi nger
extensors

Tibialis
anterior,
gastrocnemius,
quadriceps
and hamstrings
stimultaneously

Muscle
group

Outcome

Isometric
knee
extension

Manual
muscle test
(six-point
scale)

Isometric
fi nger
extension

Isometric
wrist
extension

Isometric
ankle
dorsiflexion

Measure

19.7 Nm
converted
from ft/lb

n/a

8.1 N

0.2 Nm

2.2 Nm

Initial
strength
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5/10

5/10

4/10

Heckmann
et al.
(1997)

Popovic
et al.
(2004)

Merletti
et al.
(1978)

4/10

5/10

Winchester
et al.
(1983)

Gabr et al.
(2005)

Quality
(PEDro
score)

Study

TABLE 1: continued

Crossover
ETES vs
homebased
exercise
(fi rst arm
only)

Parallelgroup
ES
(seated
or during
gait) +
CT vs
CT

Crossover
ES + FT
+ CT vs
FT + CT
(fi rst arm
only)

Parallelgroup
ETES +
CT vs
CT

Parallelgroup
ES +
PFST +
CT vs
CT

Study
design

Stroke

Stroke

Stroke

Stroke

Stroke

Pathology

12

49

41

28

40

n

35

20

30

45

ES, 120;
PFST,
30

14

6

7

5

7

8

4

3

4

5

n/a

30

50

80

30

100–
400
(µs)

0.3
(ms)

200
(µs)

0.3
(ms)

220
(µs)

Pulse
width

n/a

Optimal
contraction

10–45

20–60

Maximal
comfortable
contraction

Itensity
(mA)

Hz

No. of
weeks

Min per
treatment

No. per
week

Electrical stimulation details

Intervention dose

Wrist extensors

Tibialis anterior
and peroneals

Finger, thumb,
thenar

Forearm hand
extensors, knee
flexors, ankle
extensors

Quadriceps

Muscle
group

Outcome

Active ROM
of wrist

Isometric
dorsiflexion

Active ROM
of thumb,
fi nger and
wrist

Manual
muscle test
(six-point
scale)

Isometric
knee
extension

Measure

13.9°

6.6 Nm

n/a

hand ext
= 1.2 pts,
ankle ext
= 1.7 pts

9.6 Nm

Initial
strength
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Quality
(PEDro
score)

3/10

5/10

6/10

5/10

4/10

Study

Bowman
et al.
(1979)

KarmelRoss et al.
(1992)

Van der
Linden
et al.
(2003)

Livesley
(1992)

Boonstra
et al.
(1987)

TABLE 1: continued
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Parallelgroup ES
(four
groups)
vs control

Parallelgroup
ES vs
sham

Parallelgroup
ES vs
control

Parallelgroup
ES vs
control

Parallelgroup
PFST +
CT vs
CT

Study
design

Peripheral
nerve
lesions

Multiple
sclerosis

Cerebral
palsy

Spina
bifida

Stroke

Pathology

73

40

22

5

30

n

30, 60

12

60

30

30

5,7

5

6

6

10

35

6

8

8

4

n/a

3, 10,
35

10–
30

35

35

70–
200
(ms)

200
(ms)

75–
100
(µs)

347
(µs)

200
(µs)

Pulse
width

n/a

n/a

Comfort

50

30–45

Itensity
(mA)

Hz

No. of
weeks

Min per
treatment

No. per
week

Electrical stimulation details

Intervention dose

Abductor digit,
abductor
pollicis brevis,
tibialis anterior

Quadriceps,
hamstring

Gluteus maximus

Quadriceps

Wrist extensors

Muscle
group

Outcome

Manual
muscle test
(six-point
scale)

Isometric
knee
flexion and
extension

Isometric
hip
extension

Isometric
knee
extension

Isometric
wrist
extensors

Measure

n/a

Knee flex
= 3.8;
knee ext
= 4.3

2 N/kg

17.7 Nm

1.5 Nm

Initial
strength
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4/10

NeedamShropshire
et al.
(1996)

Parallelgroup
ES vs
CT vs
BF vs
ES + BF

Parallelgroup
ES + AE
vs AE +
ES then
AE

Crossover
ES vs
BF vs
CT (fi rst
arm
only)

Study
design

Spinal
cord
injury

Spinal
cord
injury

Spinal
cord
injury

Pathology

60

43

43

n

20

10

n/a

5

3

3

5–6

8

8

20

50

50

0.3
(ms)

250
(mµ)

300
(µs)

Pulse
width

Therapist
decision/
comfort

Optimal
contraction

0–150

Itensity
(mA)

Hz

No. of
weeks

Min per
treatment

No. per
week

Electrical stimulation details

Intervention dose

Wrist extensors

Triceps

Biceps, triceps,
wrist extensors,
wrist flexors
(simultaneously)

Muscle
group

Outcome

Manual
muscle test
(nine-point
scale)

Manual
muscle test

Manual
muscle test
(11-point
scale)

Measure

n/a

n/a

n/a

Initial
strength

AE = arm ergometry; BF = biofeedback; CT = conventional therapy; ES = electrical stimulation; ETES = electromographicy (EMG)-triggered electrical
stimulation; FT = functional training; GT = gait training; n/a = not available; Nm = Newton meters; PFST = positional feedback stimulation treatment;
ROM = range of motion.

4/10

4/10

Klose et al.
(1990)

Kohlmeyer
et al.
(1996)

Quality
(PEDro
score)

Study

TABLE 1: continued
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TABLE 2: Excluded studies, listed by primary reason for exclusion
Study population

Non-randomized

Neuromuscular
disease

Milner-Brown and
Miller (1988)

Cerebral palsy

Peripheral
nerve lesion

Not motor electrical
stimulation

No outcome measure of
voluntary strength

Steinbok et al. (1997)
Sommerfelt et al.
(2001)
Dali et al. (2002)

Chan et al. (2004)

Not comparison
of interest

Targen et al. (2000)
Fehlings et al. (2002)

Spinal muscular
atrophy

Peri et al. (2001)

Traumatic brain
injury
Spinal cord
injury

Seeger et al. (1989)
Belanger et al. (2000)
Hartkopp et al. (2003)
Skol et al. (2002)

Stroke

Kraft et al. (1992)
Kobayashi et al. (1999)
Peurala et al. (2002)
Ring and Rosenthal
(2005)

Beekhuizen and
Field-Fote (2005)

from initial strength). This study does not
provide good evidence about the effectiveness of electrical stimulation in people with
cerebral palsy.
Peripheral nerve lesion
One study was retrieved with participants
who had sustained a peripheral nerve lesion
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Baldi et al. (1998)

Postans et al. (2004)

Faghri et al. (1994)
Macdonell et al. (1994)
Bogataj et al. (1995)
Hesse et al. (1995)
Burridge et al. (1997)
Faghri and Rodgers (1997)
Chae et al. (1998)
Francisco et al. (1998)
Hesse et al. (1998)
Chantraine et al. (1999)
Linn et al. (1999)
Cauraugh et al. (2000)
Wang et al. (2000)
Cauraugh and Kim (2003a)
Cauraugh and Kim (2003b)
Popvic et al. (2003)
Cauraugh et al. (2005)
Mann et al. (2005)
Cozean et al. (1988)

Johnson et al. (2002)
Cauraugh and Kim
(2002)
de Kroon et al.
(2004)
Hesse et al. (2005)
Popovic et al. (2005)

(Boonstra et al., 1987). The methodological
quality of this study was low (PEDro score
4/10). The comparison of interest in this
study was electrical stimulation compared to
control in lesions of the brachial plexus,
median, ulnar or peroneal nerves. The
outcome measures were hand grip dynamometry and the Medical Research Council
(MRC) six-point scale. Insufficient data
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Spina bifida study

Comparison

Initial strength

a) Karmel-Ross
et al (1992)

ES vs control

17.7 Nm

-20

Mean treatment effect (95% CI)

-10

0

10

20

Torque (Nm)
Favours control

Cerebral palsy study

Comparison

Initial strength

b) Van der Linden
et al (2003)

ES vs control

2 N/kg

-20

Favours ES

Mean treatment effect (95% CI)

-10

0

10

20

Strength N/kg
Favours control

MS study

Comparison

c) Livesley (1992)
quadricep muscles

ES vs sham

hamstring muscles

Initial strength

Favours ES

Mean treatment effect (95% CI)

4.3 units

3.8 units

-10

-5

0

5

10

Units
(not specified)
Favours control

Favours ES

FIGURE 1: Effects of electrical stimulation on strength in individual studies of people with: (a) spina bifida;
(b) cerebral palsy; and (c) multiple sclerosis. Effects are between-group differences with 95% confidence
intervals (CIs). ES = electrical stimulation.

Copyright © 2007 John Wiley & Sons, Ltd

Physiother. Res. Int. 12: 175–194 (2007)
DOI: 10.1002/pri

Strength training with electrical stimulation 185
were provided to calculate the mean difference or corresponding 95% CI.
Multiple sclerosis
One study was retrieved with participants
who predominantly had multiple sclerosis
(Livesley, 1992). The methodological quality
of this study was moderate (PEDro score
5/10). Treatment was divided into three consecutive phases. The first two phases compared electrical stimulation of the quadricep
and hamstring muscles with a sham stimulation treatment. The third phase added active
assisted anti-gravity movement to both comparisons. The mean differences (95% CI)
were −0.6 (95% CI −2.2 to 1.0; Figure 1 (c))
for the hamstring muscles and −0.4 (95% CI
−1.9 to 1.1; Figure 1 (c)) for the quadriceps
muscles (units not provided). In both of these
studies the lower end of the 95% CI suggests
no treatment effect while the upper end of
the 95% CIs suggests a small treatment
effect (26% increase from initial strength).
This study does not provide convincing evidence about the effectiveness or otherwise
of electrical stimulation in people with multiple sclerosis.
Spinal cord injury
Three studies were retrieved with participants who had sustained a spinal cord injury
(Klose et al., 1990; Kohlmeyer et al., 1996;
Needham-Shropshire et al., 1996). All three
studies had a PEDro score of 4/10. Many
comparisons were made in these studies;
however, only those that fitted the inclusion
criteria were considered. One study compared electrical stimulation and voluntary
training with conventional treatment (including voluntary strength training) of the
wrist extensor muscles (Kohlmeyer et al.,
1996). The second study compared electrical

Copyright © 2007 John Wiley & Sons, Ltd

stimulation of upper limb muscles with a
control (Klose et al., 1990). The third study
compared electrical stimulation of the triceps
during arm ergometry with arm ergometry
alone (Needham-Shropshire et al., 1996).
All three studies used the manual muscle
test as a primary outcome measure. Insufficient data were provided to make decisions
about treatment effectiveness.
Stroke
Eleven studies were retrieved with participants who had sustained a stroke. The mean
(SD) PEDro score was 5.0/10 (1.1). The following comparisons were made in the 11
studies.
Electrical stimulation compared with
conventional physiotherapy
One study compared EMG-triggered electrical stimulation with a home-based exercise
programme in a crossover trial (Gabr et al.,
2005). Only the first arm of the crossover
was considered. The mean difference
between groups of active wrist extension
was 23°, favouring the EMG-triggered electrical stimulation group. However, insufficient data were provided to determine the
corresponding 95% CI.
Electrical stimulation (and conventional
physiotherapy) compared with control
(and conventional physiotherapy)
Seven studies were retrieved which compared electrical stimulation and conventional
therapy with conventional therapy alone
(Merletti et al., 1978; Bowman et al., 1979;
Winchester et al., 1983; Heckmann et al.,
1997; Powell et al., 1999; Newsam and
Baker, 2004; Yan et al., 2005). Strength
outcome was expressed in terms of torque

Physiother. Res. Int. 12: 175–194 (2007)
DOI: 10.1002/pri

186 Glinsky et al.
for six studies and on a six-point scale for
one study (Heckmann et al., 1997). The
methodological quality was moderate, with
a mean (SD) PEDro score of 5.0/10 (1.2).
There were many similarities between
studies, including the characteristics of subjects and dosage of electrical stimulation. A
meta-analysis was therefore considered but
not done because of heterogeneity between
trials (χ2 test = 13.7; p < 0.010). The heterogeneity is probably explained by the inclusion of different muscles of varying strength
and size.
Two studies each applied electrical stimulation to the wrist extensor, ankle dorsiflexor and knee extensor muscles. Both
studies of the wrist extensor muscles had
similar results. The mean differences (95%
CI) were 0.9 Nm (95% CI 0.1 to 1.6; Figure
2; Bowman et al., 1979) and 0.5 Nm (95%
CI 0.2 to 0.8; Figure 2; Powell et al., 1999;
average of isometric strength at 0°, 15° and
30°). This represented a 60% increase from
initial strength in one study (Bowman et al.,
1979) and a >250% increase in the other
(Powell et al., 1999). The narrow 95% CI
indicates certainty around these estimates.
These studies provide good evidence for the
efficacy of electrical stimulation of the wrist
extensor muscles following stroke.
Two studies applied electrical stimulation
to the ankle dorsiflexor muscles. The results
of the two studies differed. In the first study
(Yan et al., 2005) the mean difference (95%
CI) was 4.9 Nm (95% CI 1.1 to 8.7; Figure
2). This represents a more than 220%
increase from initial strength. The 95% CI
indicates certainty around this estimate. In
the second study (Merletti et al., 1978) the
mean difference (95% CI) was 1.8 Nm (0.3
to 3.3 Nm; Figure 2). This represents a 27%
increase from initial strength but there is
uncertainty around this estimate as reflected
by the 95% CI.
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Two studies applied electrical stimulation
to the quadriceps muscles. The mean difference (95% CI) in knee extension strength
was 19.1 Nm (95% CI 3.2 to 35; Figure 2;
Winchester et al., 1983) and 7.5 Nm (95% CI
−21.3 to 36.2; Figure 2; Newsam and Baker,
2004). Both studies have a large treatment
effect (approximately 200% of initial
strength in the first and 38% of initial
strength in the latter), however, the wide
95% CI in both studies indicates considerable uncertainty in the estimate of this effect.
These studies do not provide convincing evidence about the effectiveness or otherwise
of electrical stimulation of the quadriceps in
people with stroke.
One study expressed strength on a sixpoint scale (Heckmann et al., 1997). The
mean difference (95% CI) was 0.8 points
(95% CI −0.2 to 1.8; Figure 3 (d)) for the
hand extensors and 1.1 points (95% CI 0.2
to 2.0; Figure 3 (d)) for the ankle extensors.
This represents a 66% increase from initial
strength in the hand extensors and a 64%
increase from initial strength in the ankle
extensors. There is uncertainty around these
results as the lower end of 95% CI suggests
no treatment effect while the upper end of
the 95% CIs suggests a moderate treatment
effect.
Electrical stimulation compared with a
sham electrical stimulation
Two studies compared electrical stimulation
with a sham electrical stimulation treatment
(Kimberley et al., 2004; Yan et al., 2005).
One study compared the combination of
electrical stimulation and conventional physiotherapy with sham electrical stimulation
and conventional therapy (Yan et al., 2005).
The outcome of interest was dorsiflexor and
plantarflexor torque. The mean difference
(95% CI) calculated from pre- and post-test
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Stroke studies
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Newsam and Baker
(2004)
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Powell et al (1999)

ES + (CT) vs
control + (CT)
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Yan et al (2005)

ES + (CT) vs
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control + (CT)
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FIGURE 2: The effects of electrical stimulation on strength in people with stroke; all studies are comparing
electrical stimulation combined with conventional therapy with conventional therapy; effects are betweengroup differences with 95% confidence intervals (95% CIs); outcome is measured in Newton meters (Nm).
CT = conventional therapy; ES = electrical stimulation; PFST = positional feedback stimulation treatment.

data for dorsiflexor torque was 4.6 Nm (95%
CI 1.8 to 7.4; Figure 3 (a)). This represents
a 210% increase from initial strength but
there is uncertainty around the size of this
estimate as reflected by the 95% CI. This
study provides some evidence for the efficacy of electrical stimulation of the ankle
dorsiflexors following stroke. Insufficient
data were provided to extract the mean difference (95% CI) for the ankle plantarflexor
muscles.
The second study compared EMGtriggered electrical stimulation with sham
electrical stimulation (Kimberley, 2004).
This was a crossover study, but only the first
arm of the crossover was considered. The
outcome measure of interest was strength of
the index finger. The mean difference (95%
CI) calculated from pre- and post-test data
were 1.9 N (95% CI −3.9 to 7.6; Figure 3 (b)).
This represents a 23% change of initial
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strength, however, there is uncertainty
around these results as the lower end of 95%
CI suggests a negative treatment effect whilst
the upper end of the 95% CIs suggests a
moderate treatment effect. These data indicate that there is no evidence that EMGtriggered electrical stimulation is superior
to sham electrical stimulation treatment.
Electrical stimulation (and a functional
task) compared with a functional task
Two studies investigated whether electrical
stimulation administered during functional
training enhanced strength outcomes. In
these studies electrical stimulation was
applied to multiple muscle groups with the
aim of facilitating functional movement.
Many studies apply electrical stimulation
during functional tasks, however, these
studies are unique because the amount of
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Stroke studies
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Hand extensors

ETES + (CT) vs
control + (CT)

Ankle extensors

1.2 points

1.7 points

-4

-2

0
Manual muscle test grade

Favours control

Favours ES

FIGURE 3: The effects of electrical stimulation on strength in individual studies of people with stroke; effects
are between-group differences with 95% confidence intervals (95% CIs); outcomes are measured in:
(a) Newton meters (Nm); (b) Newton (N); and (c) degrees. CT = conventional therapy; ES = electrical
stimulation; FT = functional task; ETES = EMG triggered electrical stimulation.
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functional training in both groups is the
same. Thus, it is the electrical stimulation not
the amount of practice of the task that differentiates the groups. One trial compared electrically stimulated grasping with grasping
alone (Popovic et al., 2004). A second study
compared the combination of functional
electrical stimulation and a gait trainer with
a gait trainer alone (Peurala et al., 2005).
Only one trial provided sufficient data to
calculate the mean difference (95% CI)
(Popovic et al., 2004). Active range of motion
(ROM) was used to reflect strength. The
average mean difference (95% CI) calculated
for the finger and thumb joints (the finger
extensors, finger flexors, thumb extensor and
thenar muscles were stimulated) measured
six months later was 12° (95% CI 9 to 15;
Figure 3 (c)). Initial mean active ROM was
not provided, but presumably a treatment
effect possibly as low as 9° is worthwhile.
The data for the finger and thumb joints from
one clinical trial (Popovic et al., 2004) suggest
a beneficial effect of electrical stimulation.
DISCUSSION
The aim of the present review was to
determine if surface electrical stimulation
increased voluntary muscle strength in
people with neurological weakness. The
results were considered by aetiology. No
evidence exists to support or refute the use
of electrical stimulation for increasing voluntary muscle strength in people with spina
bifida, peripheral nerve lesion, multiple sclerosis, spinal cord injury or cerebral palsy.
However, electrical stimulation may increase
strength in people after stroke.
It is difficult to make conclusions about
the effectiveness of electrical stimulation in
people with spina bifida, peripheral nerve
lesion, multiple sclerosis, spinal cord injury
or cerebral palsy because of the small number
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of studies with low methodological quality.
It is also difficult because of the large variability in the response of these people to
electrical stimulation (reflected by the wide
95% CI). This result is surprising considering the widespread use of electrical stimulation in patients with these aetiologies. The
results pose difficulties for clinicians who
need to make evidence-based decisions
about the merits of providing electrical stimulation. Either, clinicians must rely on lower
level evidence and draw conclusions from
single studies, or they must draw clinical
implications from population groups such as
stroke where reasonable quality evidence is
available.
The present review indicates that electrical stimulation may increase strength in
people after stroke. The studies in people
with stroke made various comparisons;
however, the best investigated comparison
was between conventional therapy and conventional therapy combined with electrical
stimulation. In this comparison the only difference between the experimental and
control groups was the addition of electrical
stimulation. This comparison was investigated in two moderate-quality studies which
provided evidence for the use of electrical
stimulation (Powell et al., 1999; Yan et al.,
2005). However, there were an additional
four studies investigating this comparison
that were inconclusive (Merletti et al., 1978;
Winchester et al., 1983; Heckmann et al.,
1997; Newsam and Baker, 2004). The results
indicate that electrical stimulation is better
than no intervention for increasing voluntary strength in people with stroke when
patients continue to receive routine care. The
clinical usefulness of a treatment effect, possibly as low as 0.2 Nm (Powell et al., 1999),
depends on many factors, including subjects’
initial strength and the size of the muscle
group. For weaker subjects or smaller muscle
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groups, such increases would be worthwhile,
whereas for stronger subjects or larger
muscle groups it may not.
Several studies in people with stroke
reported substantial increases in strength
not commonly seen with any type of
strength training (from 50% up to 250%
of initial strength) (Bowman et al., 1979;
Winchester et al., 1983; Powell et al., 1999;
Newsam and Baker, 2004; Yan et al., 2005).
Only two of these studies had moderate
PEDro scores (Powell et al., 1999; Yan et
al., 2005). These results may reflect the
inherent problems associated with expressing treatment effects as a percentage of
mean initial strength or they may reflect
bias introduced by methodological weaknesses. Furthermore, these large treatment
effects may be related to the dosage and
settings used in these studies (outlined in
Table 1), however, there are not enough
studies to definitively link treatment effectiveness with dosage and settings.
Although it appears that electrical stimulation is superior to no intervention for
increasing muscle strength after stroke, it is
not clear whether it is as effective as progressive resistance training (ACSM, 2002). Nor
is it clear whether electrical stimulation
superimposed on voluntary strength training confers any additional benefit. This latter
question is arguably the most important.
Electrical stimulation is a time-consuming
and costly intervention. Its widespread use
in conjunction with voluntary strength training is only justified if it is clearly superior to
voluntary strength training alone.
This systematic review is not without
limitations. Too few homogeneous trials
were identified to carry out a meta-analysis
in any of the populations. It is recognized
that the mechanisms underlying loss of
strength and the effect of electrical stimulation will differ according to aetiology.
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The broad grouping of aetiologies in the
present paper was intended to provide a
clinically relevant overview of electrical
stimulation across the spectrum of neurological weakness that physiotherapists treat
in the clinic.
This systematic review indicates that
electrical stimulation may be effective for
increasing voluntary muscle strength in
people with stroke. The efficacy of electrical
stimulation for people with spina bifida,
cerebral palsy, peripheral nerve lesion,
multiple sclerosis or spinal cord injury is not
clear. Furthermore, it is not known whether
electrical stimulation with or without superimposed voluntary strength training is superior to voluntary strength training alone in
any neurological populations.
IMPLICATIONS
Electrical stimulation appears to enhance
muscle strength when applied to weak
muscles after stroke. However, it is not
clear whether electrical stimulation is as
effective as progressive resistance training.
Nor is it clear whether it confers any
additional benefits when used in conjunction with progressive resistance training.
Until further research is undertaken, we
recommend combining electrical stimulation with progressive resistance training
in all patients with neurologically induced
weakness.
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