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Abstract
Study design This work is a systematic review with meta-analysis
Objective Evaluate the effect of electrical stimulation (ES) on skeletal muscle volume and spasticity in individuals with
spinal cord injury (SCI).
Setting University of Brasilia, Brazil
Methods Searches were conducted of the Cochrane Library, MEDLINE, CINAHL, PEDro, PsycINFO and EMBASE
electronic databases for relevant articles published up to June 2018. No restrictions were imposed regarding the year of
publication. The inclusion criteria were randomized controlled trials involving adults with SCI comparing ES to an active or
passive control. Two independent reviewers extracted the data from the selected studies and methodological quality was
assessed using the PEDro scale.
Results The initial search led to the retrieval of 164 studies, seven of which met the eligibility criteria, but only six were
included in the meta-analysis. The six studies comprised 104 patients with complete or incomplete SCI. In the two studies
that investigated the use of ES on muscle volume of the lower limbs, the overall effect was statistically significant in
patients with acute SCI (mean difference: 0.86; 95% CI: 0.04 to 1.69; p < 0.04). Among the four studies that examined the
use of ES for spasticity of the lower limb, the overall effect was non-significant (mean difference: 0.55; 95% CI: −0.31 to
1.41; p= 0.21).
Conclusions Electrical stimulation was found to be an effective method for increasing muscle volume in SCI patients, but
had no effect on spasticity. Further investigation of the effect of ES on spasticity in SCI is needed.

Introduction

Patients with spinal cord injury (SCI) experience skeletal
muscle atrophy below the level of the injury, which exerts a
negative impact on independence and health [1]. Reduced
skeletal muscle mass due to the absence of physical activity

and voluntary contraction of paralyzed limbs in patients
with complete SCI may produce secondary health compli-
cations, such as diabetes mellitus [2], abnormal glucose
tolerance [3], cardiovascular disease [4] and peripheral
vascular disease. Therefore, exercise plays an important role
in improving fitness, physical activity and health in this
population [4].

For patients with SCI who are unable to perform
traditional forms of exercise, neuromuscular electrical
stimulation (ES) or functional ES may be an alternative
method to increase skeletal muscle mass and strength.
Functional ES involves pairing ES simultaneously
or intermittently with a functional task [5, 6].
Neuromuscular ES is typically provided at higher
frequencies (20–50 Hz) to produce skeletal muscle tetany
and contraction that may then carry over into functional
tasks [6].
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ES has been recommended as an effective rehabilitation
intervention that can attenuate the detrimental effects of
illness or injury on skeletal muscle and improve one’s
metabolic profile [6]. Furthermore, ES appears to be well
tolerated and has been studied in regard to its effects on
preventing skeletal muscle atrophy as well as improving
skeletal muscle volume and function. Although the effects
of ES on muscle volume in patients with SCI remains
unclear [7–9], a recent meta-analysis has suggested that ES
of the abdominal muscles is an effective technique for
improving respiratory function in such patients [10]. The
only other meta-analysis found describes the possible
effects of ES on increasing bone mineral density below the
level of the injury in patients with chronic SCI [11].

Spasticity is also a common complication of SCI and is
clinically diagnosed through the detection of exaggerated
tendon reflexes and velocity-dependent muscle hypertonia
in the resting state, typically affecting the muscles sur-
rounding the ankle, which can lead to difficulty performing
functional activities [12, 13]. The Ashworth and Modified
Ashworth scales are among the most common methods to
assess spasticity [14, 15].

Several studies have shown that ES can diminish spe-
cific components of spasticity, including the exteroceptive
flexion reflex and clonus in patients with SCI [16–18].
Furthermore, it has been suggested that ES administered
to peripheral sensory nerves may reduce spasticity in
patients with SCI by modulating abnormal spinal inhibi-
tory circuits [19, 20]. However, some authors have sug-
gested that the reduction in spasticity immediately after
ES may merely reflect muscle fatigue, which can last up to
24 h [21, 22].

In view of the lack of consensus regarding ES in patients
with SCI, we performed a systematic review with meta-
analysis to evaluate the effect of ES on skeletal muscle
volume and spasticity in patients with SCI [23].

Methods

Registration and setting

This study was registered with the International Prospective
Register of Systematic Reviews (CRD42017069583). The
systematic review was performed using the PICO method:
Population: patients with spinal cord injury; Intervention:
ES; Comparison: other intervention (active control) or no
intervention (passive control); Outcomes: variables related
to physical function, such as muscle volume evaluated by
cross-sectional area or dual energy X-ray absorptiometry
and spasticity evaluated using the Ashworth scale or mod-
ified Ashworth scale. The Modified Ashworth scale is based
on the perceived resistance to movement using a six-point

scale (grades: 0, 1, 1+, 2, 3, 4), with 0 representing normal
movement and 4 reflecting maximum resistance.

Search methods

The Cochrane Library, MEDLINE, CINAHL, PEDro,
Embase and PsycINFO databases were searched for rele-
vant articles published up to June 2018. Manual searches of
the reference lists of the selected studies and two previous
systematic reviews were also conducted [10, 11]. No
restrictions were imposed in regard to language or year of
publication.

The following keywords and search strategy were used
for the electronic search: Spinal Cord Injuries (MESH), OR
Quadriplegia (MESH), OR Paraplegic (MESH), AND
Electric Stimulation Therapy (MESH), OR Functional
Electrical Stimulation, OR Neuromuscular Electrical Sti-
mulation, OR Transcutaneous Electrical Nerve Stimulation
(TENS) (MESH). Based on the guidelines of the Cochrane
Handbook for Systematic Reviews of Interventions [24], we
did not include the “outcome” portion of the PICO strategy
in order to increase the number of studies screened.

Selection criteria

The inclusion criteria were decided by consensus between
the reviewers. Only randomized controlled trials of adult
patients with complete or incomplete SCI were included.
Studies with no follow-up and those with incomplete data
were excluded. Incomplete data were determined when
data were not available in the text and its extraction was
not possible through graphic analyses. The authors of 7
articles from which data could not be extracted were
contacted, however none of the 7 authors responded.
Studies with any type of ES as an intervention
for improving skeletal muscle volume and spasticity
compared to other treatments, including no treatment or
placebo ES, were included. Studies without a comparative
group were excluded.

Study selection

After the initial search of the databases and removal of
duplicates, articles were selected after reading the title,
abstract and full text. The titles of articles retrieved during
the search were analyzed first. The abstracts of those with
potential relevance were then analyzed for the pre-selection
of articles to be submitted to full-text analysis, followed by
the methodological analysis of the selected studies. Diver-
gences of opinion between the reviewers regarding the
selection of studies were resolved by consensus. The
reference lists of the selected articles were also reviewed to
find possible additional studies.
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Data extraction

The following data were collected: study design,
participants, time after spinal cord injury [divided into acute
(2h–6 months), and chronic (6 months and beyond) phases]
[25], interventions and outcomes including muscle volume
(evaluated by cross-sectional area or dual energy X-ray
absorptiometry) and spasticity (using the Ashworth scale or
Modified Ashworth scale). In studies with more than one
result that compared the effects of two different treatments
(e.g., ES + stationary bike or ES + isometric contraction)
or more than one follow-up evaluation, we utilized only the
data with the greatest effect size. Data extraction were
performed by a single reviewer (S.R.T.) and checked by
a second reviewer (G.C.J.). Divergence of opinion was
resolved by consensus.

Analyses

The data were processed following the guidelines of the
Cochrane Handbook for Systematic Reviews of Inter-
ventions [24]. For continuous variables, changes in scores
were compared between the intervention group (ES) and
control group (active or passive) using the mean differ-
ence and 95% confidence interval (CI) in the Ashworth or
Modified Ashworth Scale score for spasticity and the
standardized mean difference and 95% CI for skeletal
muscle volume (different measurement methods) [24].
Heterogeneity among the studies was explored qualita-
tively by comparing the characteristics of the studies and
quantitatively by using the chi-squared test of hetero-
geneity and the I2 statistic. When appropriate, the results
of the studies were combined for each outcome to deter-
mine the overall estimate of the treatment effect. The most
effective model for meta-analysis was selected based on
qualitative and quantitative analyses as well as the ana-
lysis of publication bias. A random-effects model was
used in all analyses.

All analyses were conducted using Review Manager
version 5.3.5.

Appraisal of methodological quality

The methodological quality of the selected randomized
controlled trials was scored using the Brazilian Portuguese
version of the PEDro scale, which has 11 items (random
allocation; allocation concealment; baseline comparability;
blinding of subjects; blinding of therapists; blinding of
assessors; adequate follow-up; intention-to-treat-analysis;
between-group comparisons; point estimates and varia-
bility) scored as “yes” or “no”. As the first item is not
used for the calculation, the quality score ranges from
0 to 10 points. Trials with a PEDro score of ≥ 6 points were

classified as having high quality and those with a score of <
6 points were classified as having low quality.

Results

Identification and selection of studies

The initial search led to the identification of 3832 articles.
After the removal of duplicates and the application of the
inclusion criterion (randomized clinical trials), 164 studies
were submitted to an analysis of the titles and abstracts,
31 of which were considered potentially eligible. Each of
these articles were submitted to full-text analysis, result-
ing in seven articles which were deemed eligible and were
included in the review. However, one study was not
included in the meta-analysis due to an active control
group [26]. Figure 1 shows the flowchart of the study
selection process with reasons for the exclusion of
articles.

Description of studies and participants

The six studies included in the meta-analysis comprised a
total of 104 patients with incomplete or complete SCI.
Descriptions of all studies are presented in Tables 1 and 2.
Two studies analyzed muscle volume [27, 28] and four
analyzed spasticity [12, 14, 29, 30]. Four studies recruited
patients with cervical and thoracic SCI [12, 14, 28, 30] and
two studies selected patients with complete thoracic SCI
[27, 29]. The duration of time since SCI reported in the
studies allowed us to examine the effects of ES on skeletal
muscle volume and spasticity in patients with non-chronic
versus chronic conditions. The effect of ES during the acute
period was examined in studies that analyzed muscle
volume and spasticity in patients with a mean of 5.6–
8.8 weeks and < 4 months since the injury, respectively. The
effect of ES in the chronic period was examined in studies
that analyzed muscle volume and spasticity in patients with
a mean of 9.5 years and 11.5–114 months post-injury,
respectively.

Intervention

The studies that measured skeletal muscle volume used ES
with cycling resistance [28] or isometric contraction [27].
The control groups in these studies were not subjected to
ES. In the study examining the effect of ES during isometric
contraction, the control group was subjected to the same
stimulation, but the amplitude was different (140 mA,
intervention group; 0 mA, control group). One study ana-
lyzed a third group [28] and we chose to use the group not
subjected to any intervention in our analyses. The studies

260 S. R. Thomaz et al.



were quite heterogeneous in regard to the stimulation
parameters, as shown in Tables 1 and 2.

Two electrical stimulation currents were used in the
studies examining the effect of ES on spasticity. Two stu-
dies compared the effects of ES to combined physical and
occupational therapy [12, 29]. The other two studies com-
pared ES with resistance exercise and treatment with
baclofen [14, 30]. Summaries of the interventions in the
different studies are presented in Tables 1 and 2.

Methodological quality and risk of bias

Table 3 displays the results of the analysis of the metho-
dological quality of the randomized controlled trials. The
mean score on the PEDro scale was 6.85 (range: 6 to 8).
Given the small number of studies included in the review
(less than 10), it was considered inappropriate to present
publication bias using funnel plots.

Effect of electrical stimulation on muscle volume

Figure 2 shows the results from the two studies investi-
gating skeletal muscle volume at baseline and after the acute
administration of ES. These studies involved 26 patients (12
in the intervention groups and 14 in the control groups) [27,
28]. One study [27] used cross-sectional area to measure

muscle volume and one [28] used dual energy X-ray
absorptiometry. These studies were homogeneous (χ2:=
0.04; p= 0.85; I2: 0%). The overall effect of ES on muscle
volume of the lower limbs was statistically significant
(mean difference: 0.86; 95% CI: 0.04–1.69; p= 0.04)
favoring ES over the control (Fig. 2).

Study not included in meta-analysis

Despite being selected and presenting all inclusion cri-
teria, one study [26] was not included in the meta-analysis
because it was the only one that had an active control
group (aerobic and resistance training). Therefore, it could
not be compared to the other studies, which had a passive
control group. This study compared an ES-assisted
walking exercise program to aerobic and resistance
training (control group) in 27 individuals with chronic
incomplete motor impairment for four months. Although
the intervention did not result in a change in body com-
position, long-term follow-up revealed that it may main-
tain muscle volume.

Effect of electrical stimulation on spasticity

Figure 3 shows the results of the four studies [12, 14, 29, 30]
examining spasticity at baseline and after ES, which involved
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a total of 108 patients (44 in the intervention groups and 62
in the control groups). These studies were homogeneous
(χ2= 2.21; p= 053; I2: 0%). The overall effect of ES on
spasticity of the lower limbs was non-significant (mean dif-
ference: 0.55; 95% CI: −0.31 to 1.41; p= 0.21), although
three studies [12, 29, 30] demonstrated a decrease in spasti-
city (Fig. 3).

Discussion

Data Archiving

Spinal cord injury is associated with skeletal muscle
weakness and atrophy below the level of the injury. Phy-
sical inactivity in patients with SCI is associated with sev-
eral complications, such as pressure sores, fractures,
diabetes, impaired glucose tolerance, deep venous throm-
bosis, and cardiovascular disease [28, 30]. Another con-
sequence of SCI is spasticity and an increase in muscle tone
due to upper motor neuron lesions as well as increased
tendon reflexes, which often produce abnormal joint
mechanics [12, 30, 31]. Therefore, skeletal muscle atrophy
and spasticity are key manifestations of SCI that require
effective management to improve the prognosis and quality
of life of patients.

In the present meta-analysis, the administration of ES
was found to increase muscle volume, reducing lower limb
atrophy in patients with SCI when compared to a control
group or other form of treatment. To the best of our
knowledge, this is the first meta-analysis to evaluate the
effects of ES on muscle volume and spasticity in patients
with SCI.

Effect on muscle volume

Increased skeletal muscle volume may facilitate greater
skeletal muscle pumping, which has the potential to mini-
mize several adverse manifestations of SCI. For example,
ES cycling or ES-induced leg exercise can reduce skeletal
muscle atrophy and potentially improve circulation by
activating the skeletal muscle pump of the legs [32].

The significant improvement in muscle volume asso-
ciated with ES is an important and clinically relevant
finding that can assist in the management of patients with
SCI. All studies analyzed in the present review measured
lower limb muscle volume (mainly in the quadriceps mus-
cle). The average change after intervention was similar in
three studies (14.1%, 10.8% and 9.3%) despite having
different follow-up periods including 4, 3.5 and 6 months,
respectively [26–28]. It is also important to note that the
frequency and duration of ES differed between studies, with
a range of three to five days/week and 30 to 60 min of ESTa
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per session. In view of the above, an optimal protocol for
ES after SCI is needed which may facilitate improved
skeletal muscle volume.

Several studies not included in this review because they
did not meet our inclusion criteria have used ES to improve
skeletal muscle function in patients with SCI. Four studies
examined the effects of ES in patients with quadriplegia
[33–36] and were not included due to methodological
limitations or the limited provision of data. It is also
important to note that participants with incomplete SCI who
retain some capacity for ambulation can be benefit from a
walking program that combines ES and treadmill/walking
training [37–40]. Therefore, in view of these results and the
results of our meta-analysis, ES appears to be an important
complement to the usual care provided to patients with SCI.

Effect on spasticity

Two of the studies included in our meta-analysis that
examined the effects of ES on spasticity had opposite
results. In the study by Kapadia [14], the use of ES-walking
in 27 patients with chronic SCI led to an increase in spas-
ticity after four months of 45-minute sessions performed
three times a week. Conversely, Ralston et al [29] found
that ES-cycling in 14 patients with recent SCI led to a
decrease in spasticity after two weeks of 30- to-45-min
sessions performed four times a week. In view of these
results, the length of time since the injury, duration of sti-
mulation and the functional task combined with stimulation
appear to be important factors to consider when using ES in
patients with SCI to decrease spasticity.

In our meta-analysis, we observed that spasticity
decreased after a short time period (two to three weeks) in
two studies with a total of the 37 patients with incomplete
injuries [12, 29]. Notably, Aydin et al. [30] found that the

decrease in spasticity was similar to that achieved with
baclofen. It has been suggested that ES applied to peripheral
sensory nerves may reduce spasticity in patients with SCI
by modulating abnormal spinal inhibitory circuits [19, 20].
As highlighted by Aydin et al [30], baclofen treatment has
the capacity to reduce spasticity, but as a drug it has several
potential side effects, which does not occur with ES. The
study by Aydin et al also observed significant improvement
in the functional disability score after repeated applications
of ES, suggesting short-term efficacy [30]. Moreover, sev-
eral studies have demonstrated improvements in spasticity
following ES, but were not included in the present review
due to study limitations (i.e., only acute effects were
examined) [41–43]. Although spasticity has the potential to
exert a negative influence on quality of life by restricting
activities of daily living, inhibiting effective walking and
requiring greater assistance from a caregiver, it has been
suggested that spasticity may have several favorable char-
acteristics in SCI such as increasing stability while sitting
and standing, facilitating the performance of some activities
of daily living and transfers, and increasing venous
return, with the potential to decrease the incidence of deep
vein thrombosis [44, 45]. Therefore, clinical decisions
regarding the treatment of spasticity in patients with SCI
should be made with caution and these factors should be
considered. In view of our results, further investigation of
the use of ES in the management of spasticity in SCI is
warranted.

Study limitations

The present systematic review with meta-analysis has sev-
eral limitations, such as the small number of publications
eligible for inclusion and the moderate degree of metho-
dological quality of the included studies. Furthermore, due

Fig. 3 Comparison between ES
versus control on spasticity. ES
electrical stimulation, FES
functional electrical stimulation,
TENS transcutaneous electrical
nerve stimulation

Fig. 2 Comparison between ES
versus control on muscle
volume. ES electrical
stimulation, CSA cross-sectional
area, DEXA dual energy X-ray
absorptiometry
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to the small number of studies, we compared different ES
treatments, doses and stimulation parameters as well as
different groups.

Despite these limitations, the studies included in this
meta-analysis were homogeneous and evaluated a respect-
able number of participants and we identified the need for
future studies to examine the effects of ES on muscle
volume and spasticity in people with SCI.

ES is effective at promoting a discrete, but significant
increase in skeletal muscle volume in patients with SCI with
a subsequent reduction in atrophy and an effect on muscle
volume that is similar in patients with complete and
incomplete injuries. In this systematic review with meta-
analysis, no significant effect of ES was found on reducing
spasticity in patients with SCI. Further examination of the
effects of ES on skeletal muscle volume and spasticity is
needed for a better understanding of the clinical usefulness
of this modality in patients with non-chronic and chronic
SCI.
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