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Abstract
Background:This study aims to systematically explore the effectiveness of neuromuscular electrical stimulation (NMES) combined
with rehabilitation training (RT) for the treatment of post-stroke limb spasticity (PSLS).

Methods:We will search Cochrane Library, MEDILINE, EMBASE, CINAHL, AMED, PsycINFO, WOS, Scopus, OpenGrey, and 4
Chinese databases from inception to the present without language restrictions. We will only consider randomized controlled trial on
assessing the effectiveness and safety of NMES combined with RT for the treatment of PSLS. All included randomized controlled
trials will be assessed using Cochrane risk of bias tool. Two researchers will independently perform study selection, risk of bias
assessment, and data extraction, respectively. Any disagreements will be solved by a third researcher through discussion.

Results: Primary outcome is limb spasticity status. Secondary outcomes comprise of limb function, quality of life, and adverse
events.

Conclusion: This study will summarize the latest evidence of NMES combined with RT for the treatment of patients with PSLS.

Systematic review registration: PROSPERO CRD42019138900.

Abbreviations: CIs = confidence intervals, NMES = neuromuscular electrical stimulation, PRISMA-P = Systematic Reviews of
Interventions and the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocol, PSLS = post-stroke limb
spasticity, RCTs = randomized controlled trials, RT = rehabilitation training.
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1. Introduction

Post-stroke limb spasticity (PSLS) is a very common complication
among stroke survivors.[1–3] This disorder often involves in
voluntary movement, which greatly limit the mobility and
functional ability of patients with PSLS, and can decrease their
quality of life.[4–7] It has been estimated that the prevalence of
PSLS is 19% to 42.6%,[7,8] and its disabling spasticity varies from
2% to 13%.[9] To treat patients with PSLS, a number of different
managements such as neuromuscular electrical stimulation
(NMES), rehabilitation training (RT), local botulinum toxin
injection, and surgical interventions have been commonly utilized
in clinic.[3,10–16] However, the efficacy of those single treatments
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is still limited. Thus, it is very important to use combined
approaches to treat this disorder, such as NMES combined with
RT. Although several clinical studies have reported that the
efficacy of NMES plus RT is encouraging,[3,12,17–20] the
conclusion is still unclear. Therefore, this systematic review will
systematically assess the efficacy and safety of NMES combined
RT for patients with PSLS.
2. Methods

2.1. Dissemination and ethics

The results of this study are expected to be published at peer-
reviewed journals. We will not use individual data, thus, no ethic
approval is needed.

2.2. Study registration

This study protocol has been registered with PROSPERO
CRD42019138900. Its report has followed the Cochrane
Handbook for Systematic Reviews of Interventions and the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Protocol (PRISMA-P) statement guidelines.[21]
2.3. Inclusion criteria for study selection
2.3.1. Types of studies. This study will only include random-
ized controlled trials (RCTs) of NMES combined with RT for
treatment of PSLS. All other studies will be excluded, including
non-clinical trial, and non-RCTs.
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2.3.2. Types of participants. Patients with PSLS regardless of
race, sex, and age will be included. However, we will exclude
patients with severe congestive heart failure or severe chronic
obstructive lung disease.

2.3.3. Types of interventions. In the experimental group, all
patients have received NMES combined with RT.
In the control group, all patients have received any treatments,

except NMES and RT.

2.3.4. Type of outcome measurements. Primary outcome
includes limb spasticity status, which can be assessed by any
scales, such as Modified Ashworth Scale, or others. Secondary
outcomes consist of limb function, which can be measured by
Disability Assessment Scale or other tools; and quality of life,
which can be evaluated by Assessment of Quality of Life, or any
other scales; as well as the expected or unexpected adverse events.
2.4. Search methods for the identification of studies
2.4.1. Electronic database searches. The following databases
of Cochrane Library, MEDILINE, EMBASE, PsycINFO, WOS,
Scopus, OpenGrey, Cumulative Index to Nursing and Allied
Health Literature, Allied and Complementary Medicine Data-
base, Chinese Biomedical Literature Database, China National
Knowledge Infrastructure, VIP Information, and WANFANG
Databases will be searched from inception to the present without
language restrictions. All RCTs of NMES combined with RT for
the treatment of PSLS will be included. The search strategy for
Cochrane Library is demonstrated in Table 1. Identified strategies
of other electronic databases will also be adapted.

2.4.2. Search for other resources. Aside from all electronic
databases, clinical registry, and reference list of included studies
will also be searched.
2.5. Data collection and analysis
2.5.1. Study selection. Two researchers will independently
assess titles and abstracts of identified records for eligibility. All
Table 1

Search strategy for Cochrane Library database.

Number Search terms

1 Mesh descriptor: (stroke) explode all trees
2 Mesh descriptor: (extremities) explode all trees
3 Mesh descriptor: (muscle spasticity) explode all trees
4 ((post-stroke

∗
) or (limb

∗
) or (muscle

∗
) or (spasticity

∗
) or (extremities

∗
)):ti,

ab, kw
5 Or 1–4
6 MeSH descriptor: (electric stimulation) explode all trees
7 MeSH descriptor: (electric stimulation therapy) explode all trees
8 (neuromuscular electrical stimulation) explode all trees
9 ((NMES

∗
) or (electrotherapy

∗
) or (neuromuscluar

∗
) or (electric

∗
) or

(stimulation
∗
))

10 Or 6–9
11 MeSH descriptor: (rehabilitation) explode all trees
12 ((rehabilitation

∗
) or (training

∗
) or (education

∗
))

13 Or 11–12
14 MeSH descriptor: (randomized controlled trials) explode all trees
15 ((random

∗
) or (allocation

∗
) or (random allocation

∗
) or (placebo

∗
) or

(blind
∗
) or (RCTs

∗
) or (clinical trials

∗
) or (controlled clinical trials

∗
)):ti,

ab, kw
16 14 and 15
17 5 and 10 and 13 and 16
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process of study selection follows the inclusion criteria and
exclusion criteria. If the records fit the inclusion criteria, full-texts
will be further read to check its eligibility. Any disagreements
between 2 researchers will be solved by discussion with a third
researcher. The selection procedure will be abided and presented
in the PRISMA flow chart in Fig. 1.

2.5.2. Data collection and management. Details of all eligible
studies will be extracted and summarized using a data extraction
form. Two researchers will independently collect such informa-
tion. Any diverges will be resolved by a third researcher through
discussion. The following extracted data consist of study
characteristics, patient characteristics, study design, study
methods, treatment details, outcome measurements, and safety.

2.5.3. Risk of bias assessment. We will utilize Cochrane
Handbook for Systematic Reviews of Interventions tool to
evaluate risk of bias for all eligible RCTs. It covers 7 domains,
and each domain is further judged as 3 levels of high, unclear, or
low risk of bias. Two researchers will independently carry out
risk of bias assessment, respectively. Any divergences will be
resolved by a third researcher.

2.5.4. Measurement of treatment effect. For each eligible
RCTs with enumeration data, we will calculate it as risk ratio and
95% confidence intervals, while as for continuous data, we will
calculate it as mean difference or standardized mean difference
with 95% confidence intervals.

2.5.5. Dealing with missing data. If the essential information is
missing or insufficient, the original authors will be contacted to
obtain that information. We will analyze available data alone if
we cannot obtain that information.

2.5.6. Assessment of heterogeneity. Heterogeneity will be
checked by I2 test. I2�50% means reasonable heterogeneity.
I2>50% means significant heterogeneity. Under such situation,
subgroup analysis will be carried out.

2.5.7. Data synthesis. RevMan 5.3 software (London, UK) will
be used for statistical analysis. If heterogeneity is reasonable
among eligible RCTs (I2�50%), a fixed-effects model will be
pooled, and a meta-analysis will be performed. Otherwise, if the
heterogeneity is reasonable among eligible RCTs (I2>50%), a
random-effect model will be utilized, and meta-analysis will be
performed according to the results of subgroup analysis. A
narrative summary will be reported instead of meta-analysis if
there is still significant heterogeneity after subgroup analysis.

2.5.8. Publication bias. Funnel plot and Egger regression will be
used for check publication bias if >10 studies are entered.[22]

2.5.9. Subgroup analysis. We will perform subgroup analysis
in accordance with different interventions, controls, and out-
comes.

2.5.10. Sensitivity analysis. We will carry out sensitivity
analysis to check robustness and satiability of pooled outcome
results by removing low quality RCTs.

3. Discussion

This study aims to systematically investigate the efficacy and
safety of NMES and RT for treating PSLS. To our best
knowledge, this systematic review firstly assesses the efficacy
and safety of NMES plus RT for treating PSLS. The results of this
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Figure 1. Flow diagram of study selection.
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study summarize the latest evidence of NMES and RT for the
treatment of patients with PSLS. Its findings may either benefit
patients and clinicians, or help health policy-makers.
Author contributions

Conceptualization: Ya-long He, Yan Gao, Bai-ya Fan.
Data curation: Ya-long He, Yan Gao, Bai-ya Fan.
Formal analysis: Ya-long He, Yan Gao.
Funding acquisition: Yan Gao.
Investigation: Yan Gao.
Methodology: Ya-long He, Bai-ya Fan.
Project administration: Yan Gao.
Resources: Ya-long He, Bai-ya Fan.
Software: Ya-long He, Bai-ya Fan.
Supervision: Yan Gao.
3

Validation: Ya-long He, Yan Gao, Bai-ya Fan.
Visualization: Ya-long He, Yan Gao, Bai-ya Fan.
Writing – original draft: Ya-long He, Yan Gao, Bai-ya Fan.
Writing – review & editing: Ya-long He, Yan Gao, Bai-ya Fan.
References

[1] Ward AB. A literature review of the pathophysiology and onset of post-
stroke spasticity. Eur J Neurol 2012;19:21–7.

[2] Li S, Francisco GE. New insights into the pathophysiology of post-stroke
spasticity. Front Hum Neurosci 2015;9:192.

[3] Dymarek R, Ptaszkowski K, Słupska L, et al. Post-stroke spasticity
management including a chosen physiotherapeutic methods and
improvements in motor control - review of the current scientific
evidence. Wiad Lek 2017;70:357–65.

[4] Gupta AD, Chu WH, Howell S, et al. A systematic review: efficacy of
botulinum toxin in walking and quality of life in post-stroke lower limb
spasticity. Syst Rev 2018;7:1.

http://www.md-journal.com


He et al. Medicine (2019) 98:39 Medicine
[5] Salazar AP, PintoC,RuschelMossi JV, et al. Effectiveness of static stretching
positioning on post-stroke upper-limb spasticity and mobility: systematic
review with meta-analysis. Ann Phys Rehabil Med 2019;62:274–82.

[6] Zeuner KE, Knutzen A, Kühl C, et al. Functional impact of different
muscle localization techniques for Botulinum neurotoxin A injections in
clinical routine management of post-stroke spasticity. Brain Inj
2017;31:75–82.

[7] Sommerfeld DK, Eek EU, Svensson AK, et al. Spasticity after stroke: its
occurrence and association with motor impairments and activity
limitations. Stroke 2004;35:134–9.

[8] Urban PP, Wolf T, Uebele M, et al. Occurence and clinical predictors of
spasticity after ischemic stroke. Stroke 2010;41:2016–20.

[9] Wissel J, Manack A, Brainin M. Toward an epidemiology of poststroke
spasticity. Neurology 2013;80(3 suppl 2):S13–9.

[10] Demetrios M, Khan F, Turner-Stokes L, et al. Multidisciplinary
rehabilitation following botulinum toxin and other focal intramuscular
treatment for post-stroke spasticity. Cochrane Database Syst Rev 2013;
CD009689.

[11] Santamato A, Notarnicola A, Panza F, et al. SBOTE study: extracorpo-
real shock wave therapy versus electrical stimulation after botulinum
toxin type a injection for post-stroke spasticity-a prospective randomized
trial. Ultrasound Med Biol 2013;39:283–91.

[12] Sahin N, Ugurlu H, Albayrak I. The efficacy of electrical stimulation in
reducing the post-stroke spasticity: a randomized controlled study.
Disabil Rehabil 2012;34:151–6.

[13] Levin MF, Solomon JM, Shah A, et al. Activation of elbow extensors
during passive stretch of flexors in patients with post-stroke spasticity.
Clin Neurophysiol 2018;129:2065–74.
4

[14] Diserens K, Perret N, Chatelain S, et al. The effect of repetitive arm
cycling on post stroke spasticity andmotor control: repetitive arm cycling
and spasticity. J Neurol Sci 2007;253:18–24.

[15] Gao J, Rubin JM, Chen J, et al. Ultrasound elastography to assess
botulinum Toxin A treatment for post-stroke spasticity: a feasibility
study. Ultrasound Med Biol 2019;45:1094–102.

[16] Baricich A, Picelli A, Santamato A, et al. Safety profile of high-dose
botulinum toxin type A in post-stroke spasticity treatment. Clin Drug
Investig 2018;38:991–1000.

[17] Xiang WH, Gong XL, Ding J, et al. Efficacy of percutaneous acupoint
electrical stimulation in the treatment of limb paralysis in elderly patients
with stroke and its effect on the dosage of tizanidine. Pract Geriatr
2019;33:592–4.

[18] He XH. Efficacy of electric stimulation of human acupoints on limb
paralysis and motor function in patients with cerebral infarction. Chin J
Gerontol 2012;32:5001–2.

[19] Zong T. Effects of electrical stimulation of Du Meridian points on limb
paralysis and motor function after cerebral infarction. Liaoning J Trad
Chin Med 2012;39:1391–3.

[20] Li HL, Yuan ZH, Zhao R, et al. Transcutaneous electrical nerve
stimulation combined with rehabilitation training for the treatment of
spastic limb paralysis. J Hebei Med Univ 2009;30:280–2.

[21] Shamseer L, Moher D, Clarke M, et al. PRISMA-P Group. Preferred
reporting items for systematic review and meta-analysis protocols
(PRISMA-P) 2015: elaboration and explanation. BMJ 2015;349:
g7647.

[22] Egger M, Davey Smith G, Schneider M, et al. Bias in meta-analysis
detected by a simple, graphical test. BMJ 1997;315:629–34.


	Effectiveness of neuromuscular electrical stimulation combined with rehabilitation training for treatment of post-stroke limb spasticity
	1 Introduction
	2 Methods
	2.1 Dissemination and ethics
	2.2 Study registration
	2.3 Inclusion criteria for study selection
	2.3.1 Types of studies
	2.3.2 Types of participants
	2.3.3 Types of interventions
	2.3.4 Type of outcome measurements

	2.4 Search methods for the identification of studies
	2.4.1 Electronic database searches
	2.4.2 Search for other resources

	2.5 Data collection and analysis
	2.5.1 Study selection
	2.5.2 Data collection and management
	2.5.3 Risk of bias assessment
	2.5.4 Measurement of treatment effect
	2.5.5 Dealing with missing data
	2.5.6 Assessment of heterogeneity
	2.5.7 Data synthesis
	2.5.8 Publication bias
	2.5.9 Subgroup analysis
	2.5.10 Sensitivity analysis


	3 Discussion
	Author contributions
	References


