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Effects of Transcutaneous Neuromuscular Electrical Stimulation
on Swallowing Disorders

A Systematic Review and Meta-Analysis
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What Is Known

• Transcutaneous neuromuscular electrical stimulation
(NMES) is a new therapeutic method for dysphagia;
its clinical effectiveness remains unclear. In addition,
several studies with stimulating different muscle groups
for improving swallowing function have been pub-
lished and remain controversial.

What Is New

• This meta-analysis is the first to identify the effective-
ness of NMES according to the stimulation muscle
groups and stimulation duration. However, the quality
of evidence according to Grading of Recommenda-
tions Assessment, Development and Evaluation ap-
proach ranged from low to very low. Therefore, there
is no firm evidence to conclude on the efficacy of
NMES on swallowing disorders. High-quality studies
are needed to reach robust conclusions.
Objective: The aim of the study was to evaluate the efficacy of transcu-
taneous neuromuscular electrical stimulation on swallowing disorders.
Design: MEDLINE/PubMed, Embase, CENTRAL, Web of science,
and PEDro were searched from their earliest record to August 1, 2019.
All randomized controlled trials and quasi-randomized controlled trial
were identified, which compared the efficacy of neuromuscular electrical
stimulation plus traditional therapy with traditional therapy in swallowing
function. The Grading of Recommendations Assessment, Development
and Evaluation approach was applied to evaluate the quality of evidence.
Results:Eight randomized controlled trials and three quasi-randomized
controlled trials were included. These studies demonstrated a signifi-
cant, moderate pooled effect size (standard mean difference = 0.62;
95% confidence interval = 0.06 to 1.17). Studies stimulating suprahyoid
muscle groups revealed a negative standard mean difference of 0.17
(95% confidence interval = −0.42, 0.08), whereas large effect size
was observed in studies stimulating the infrahyoid muscle groups
(standard mean difference = 0.89; 95% confidence interval = 0.47 to
1.30) and stimulating the suprahyoid and infrahyoid muscle groups
(standard mean difference = 1.4; 95% confidence interval = 1.07 to
1.74). Stimulation lasting 45 mins or less showed a large, significant
pooled effect size (standard mean difference = 0.89; 95% confidence
interval = 0.58 to 1.20). The quality of evidences was rated as low to
very low.
Conclusions: There is no firm evidence to conclude on the efficacy of
neuromuscular electrical stimulation on swallowing disorders. Larger-
scale and well-designed randomized controlled trials are needed to
reach robust conclusions.
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D ysphagia is a clinical manifestation that interferes with the
process of delivering food material from oral cavity to

stomach because of neurologic or structural disorders.1 Deglu-
tition has a high prevalence, which is reported in 38%–65% of
traumatic brain injury patients.2,3 The prevalence of dysphagia
After Parkinson is estimated to vary from 11% to 87%.4,5 Be-
tween 31% and 79% of head and neck cancer patients experi-
ence dysphagia followed radiotherapy,6,7 and 8%–80% of
patients with stroke experience swallowing disorders.8 Dysphagia
is a major cause of mortality and morbidity due to life-
threatening complications, including dehydration, malnutrition,
and aspiration pneumonia.9

Currently, traditional therapies (TTs) include compensation
strategies, such as posture adjustment or dietary modifications,
heightening weak oropharyngeal musculature through oral mo-
tor exercises, swallowing exercises for the improvement im-
paired aspects of oropharyngeal swallowing, and strengthening
sensory input through thermal tactile stimulation.10 Transcuta-
neous neuromuscular electrical stimulation (NMES) is a new
therapeutic method for dysphagia, involving the delivering of
electrical current across the skin to stimulate the nerve or muscle
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fibers during a functional task.11 Although it has been hypothe-
sized that transcutaneous NMESmight increase swallowingmus-
cle strength and sensory awareness to initiate or re-establish
swallowing function,12 its clinical effectiveness needs to be
further verified because of the small number of studies.11,13

The different electrode placements will stimulate the different
muscle groups and change the swallowing physiology in different
ways.14 As is known to all, suprahyoid muscle groups including
the digastric muscle, mylohyoid muscle, and geniohyoid muscle
pull the hyoid bone upward and toward the mandible, whereas
most of the infrahyoid muscle groups, such as sternohyoid mus-
cle, omohyoid muscle, and sternothyroid muscle, pull down the
hyolaryngeal complex toward the sternum.When the infrahyoid
muscle groups are stimulated during swallowing, it may cause
penetration/aspiration.15 In recent years, several studies with
stimulating different muscle groups for improving swallowing
function have been published and remain controversial.16–18

The purpose of this study is to perform a meta-analysis of
randomized controlled trials (RCTs) and quasi-RCTs to evalu-
ate the efficacy of transcutaneous neuromuscular electrical
stimulation (NMES) targeting the specific muscle groups on
swallowing disorders.

METHODS
This systematic review and meta-analysis was performed in

accordancewith PreferredReporting Items for Systematic Reviews
and Meta-analyses guidelines19 (see Supplemental Checklist, Su-
pplemental Digital Content 1, http://links.lww.com/PHM/A959).

Eligibility Criteria
Studies were considered eligible and included into this

systematic review that met the following participants, interven-
tions, comparisons, outcomes and studies criteria: (a) types of
participants: adults (aged ≥18 yrs) with dysphagia, diagnosed
clinically (water swallow tests, oral intake of different food
consistencies, and volumes) by a full bedside evaluation,
or by videofluoroscopy or fiberoptic endoscopic evaluation
of swallowing, or by valid reliable measures, such as the
FIGURE 1. A schematic drawing that showing the electrode placements to

702 www.ajpmr.com
Penetration-Aspiration Scale.20 Participants suffered any stage
and severity of dysphagia. (b) Types of interventions: interven-
tion transcutaneous NMES targeting the specific muscle
groups combined with TT. The schematic drawing that show-
ing the electrode placements to the suprahyoid and infrahyoid
muscles was shown in Figure 1. There was no restriction for
the protocol of transcutaneous NMES. Comparison TT (in-
cluding posture adjustment, dietary modifications, oral motor
exercises, swallowing exercises, Mendelson maneuver, and
thermal tactile stimulation) or TT combined with sham stimula-
tion. (c) Intervention efficacy evaluation and outcomemeasures:
intervention efficacy was rated with swallowing function. All
validated quantitative scores that measured swallowing function
in patients with dysphagia were acceptable, such as the Dyspha-
gia Outcome and Severity Scale,21 the Functional Dysphagia
Scale,22 and the Functional Oral Intake Scale.23 (d) Types of
studies: RCTs and quasi-RCTs examining the effectiveness
of NMES plus TT on swallowing disorders were included.
Quasi-RCTs are studies in which the method of allocation is
not considered strictly random, such as case record number
or date of admission. All studies were published in English.

Search Strategy
A comprehensive electronic search strategy of MEDLINE/

PubMed, Embase, the Cochrane Central Register of Controlled
Trials (CENTRAL),Web of Science, and PEDrowas performed
from their earliest record to August 1, 2019. In addition, studies
were identified from the reference lists of relevant systematic re-
views and included articles. Citation tracking of all included ar-
ticles was also performed. The highly sensitive filter was used to
exclude animal trials and non-English trials. The search strate-
gies can be seen in Appendix 1 (Supplemental Digital Content
2, http://links.lww.com/PHM/A960).

Selection Criteria
Two authors independently scanned the titles and abstracts,

excluding obviously irrelevant studies. The full text of relevant
the suprahyoid and infrahyoid muscles.
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articles was evaluated according to prespecified eligibility
criteria. Disagreements were resolved through discussion with
the corresponding author.

Data Extraction
Two reviewers independently extracted data using a

predefined data recording form, and discussed disagreements
with the corresponding author by consensus. Specifically, the
following datawere extracted: details of the study design, patient
characteristics (etiology, the number of patients, age, sex), inter-
vention protocol (frequency, intensity, duration, and stimulation
muscle groups), as well as swallowing function outcomes and
assessment timing. The means and SDs of change scores
(change from baseline) were extracted. When data were not re-
ported, the posttreatment mean and SD were extracted. When
articles only provided the median and quartiles, the mean and
SD were estimated as described by Wan et al.24 If important
data were not available, attempts were made to contact the au-
thor by e-mail. When the authors did not respond to requests,
the study was excluded.

Risk of Bias Assessment
Two reviewers independently assessed the risk of bias, using

the Cochrane Risk of Bias Tool in the Cochrane Handbook for
Systematic Reviews of Interventions.25 This tool addressed seven
domains, including random sequence generation, allocation
concealment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data, selective
reporting, and other biases.25 The risk of bias was assessed in
each domain as “low risk,” “unclear,” or “high risk.” Discrep-
ancies between two reviewers were resolved through discus-
sion until an agreement was reached.

Statistical Analysis
The standard mean difference (SMD) and corresponding

95% confidence intervals (CIs) were used to quantify the dif-
ferences in the treatment effects for continuous variables. More
specifically, the SMDs less than 0.4, 0.40–0.70, and greater
than 0.70 represents small, moderate, and large, respectively.25

To evaluated heterogeneity among different studies, both I2 test
andQ test were conducted. If I2 of greater than 50%, or P < 0.05,
it indicated that there was significant heterogeneity and the
meta-analysis were carried out using the random effects model;
otherwise, a fixed effects model was performed. Subgroup
analysis was conducted based on etiology, stimulation muscle
groups, and stimulation duration. Sensitivity analysis was per-
formed to evaluate the stability of the results by removing indi-
vidual studies. Funnel plots and Egger tests were used to assess
publication bias. A threshold of P < 0.05 was considered statis-
tically significant. All meta-analysis and funnel plots were per-
formed using Review Manager Software 5.3. Egger tests were
conducted using STATAVersion 11.0.

Quality Assessment
The Grading of Recommendations Assessment, Develop-

ment and Evaluation (GRADE) approach26 was applied to evalu-
ate the quality of the evidence for each outcome by two reviewers,
using GRADEPro software Version 3.6. Evidence level was
classified as high, moderate, low, and very low. Randomized
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
controlled trials were initially considered high-quality. How-
ever, it is possible to downgrade this level of evidence accord-
ing to five factors (study limitation, inconsistency, imprecision,
indirectness, and publication bias).

RESULTS

Study Selection
A total of 976 studies were yielded. Using the EndNote

X7 exact duplicate finder, 630 studies remained after de-
duplication. Six hundred nine studies were excluded after title
and abstract screening. Upon further full-text review of the 21
articles, 10 articles were excluded because surface electrodes
were not targeting the specific muscle groups, outcomes were
not swallowing function, data could not be available, or data
were duplicated in another included article. No additional arti-
cles were included by the manual research of reference lists
and citation tracking. At last, 11 studies involving 585 patients
were considered eligible for this meta-analysis,16–18,27–34 and
the searching progress was presented in Figure 2.

Risk of Bias Assessment
The risk of bias for included studies was evaluated with

the Cochrane Risk of Bias Tool, and the results are presented
in Figures 3A and B. Seven studies were assessed as a low risk
of bias in random sequence.16,17,29,30,32–34 Only two studies
had a low risk of bias in allocation concealment using sealed
envelope or independent data coordinating center.16,33 Three
studies used sham stimulation as a control, which were classi-
fied at low risk of performance bias.31–33 Three studies imple-
mented blinding of the assessors, which were judged as at low
risk of detection bias.30,31,33 Seven studies with an adequate
description for incomplete outcome data were evaluated as
low risk.16–18,29,30,32,34 All included studies were free of selec-
tive outcome reporting.16–18,27–34 Eight studies had small sam-
ple sizes, ranging from 18 to 57 (high risk of bias).17,18,28–32,34

Langmore et al.33 stated that patients in their control group fin-
ished the treatment at home, which could have an effect on pa-
tient compliance (high risk of bias).

Study Characteristics
The 11 studies involving 585 patientswere included.16–18,27–34

Studies were undertaken across five countries, and six were con-
ducted in Korea, two in China, one in the United States, one in
the Netherlands, and one in Spain. Of the 11 studies, eight of the
studies were RCTs16,17,29–34 and the three other studies used a
clinical controlled trial (CCT) design.18,27,28 The characteristics
of included studies were summarized in Table 1. All studies in-
cluded variable etiologies, including stroke, traumatic brain in-
jury, head and neck cancer, and Parkinson disease. The age of
the participants varied from 4630 to 68.518 yrs. Nevertheless,
the demographic information of included patients was not re-
ported in two studies.27,33

Interventions
The electrode placement was targeted the specific muscle

groups among studies. Five studies stimulated the suprahyoid
and infrahyoid muscle groups,16,28–30,34 four studies stimulated
the suprahyoid muscle groups,18,27,33,34 and three other studies
www.ajpmr.com 703



FIGURE 2. Flow chart of study selection.
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stimulated the infrahyoid muscle groups.17,31,32 The study by
Meng et al.34 used the three treatment arms, including TT plus
stimulating the suprahyoid and infrahyoid muscle groups, TT
plus stimulating the suprahyoid muscle groups alone, and TT.
The included studies reported the frequency of NMES, ranged
from 60 Hz to 80 Hz. The intensity varied across all studies.
Conducting daily treatment during weekdays, two studies used
a 1-hour session,16,28 seven studies followed a similar treatment
duration for 30mins per day,17,18,27,29,31,32,34 and the stimulation
of two other studies lasted for 16–20 and 45 mins per time,30,33

respectively. The treatment sessions were ranged from 10 to
72 mins across the studies.
Swallowing Function Outcomes
The swallowing function outcomes measures differed across

trials. Whenmultiple outcomeswere used in a study, the outcome
704 www.ajpmr.com
that was an ordinal scale was chosen as an attempt to maintain
uniformity.35 Specifically, the Functional Oral Intake Scale23

was used by Terre et al.30 and Lee et al.,17 which is a 7-point or-
dinal scale describing the dietary intake of patients experienced
dysphagia. Another outcome measure, used by two studies,18,31

was the American Speech Language-Hearing Association Na-
tional Outcome Measurement System Swallowing Level Scale
(NOMS).36 The American Speech Language-Hearing Associ-
ation level is measured based on the supervision level required
and diet level, decreasing severity from 1 to 7. The Penetration
Aspiration Scale (PAS)20 was used by Park et al.32 and Langmore
et al.,33 a scale of increasing severity from 1 to 8. The Stan-
dardized Swallowing Assessment,37 a scale of increasing se-
verity from 17 to 46, was used as an outcome measure for Li
et al.16 The Functional Dysphagia Scale,22 a scale of increas-
ing severity from 1 to 100 representing different characteristics
of the oral and pharyngeal stages was used by Lim et al.29 The
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.



FIGURE 3. Assessment of the risk of bias (A) and risk of bias summary (B).
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Dysphagia Outcome and Severity Scale21 was used by Meng
et al.,34 which is a scale of decreasing severity from 1 to 7 rat-
ing the diet level, independence level, and type of nutrition. In
addition, the Dysphagia Severity Scale was used by Heijnen
et al.,27 whose patients self-report their dysphagia with a score
presented as 0 to 100 points. Finally, the swallow function scor-
ing system,38 used by Lim et al.,28 was validated as a 7-point
scale that describes the severity of swallowing function from
0 to 6. Furthermore, a minus sign was added to the extracted
value of PAS, Functional Dysphagia Scale, and Standardized
SwallowingAssessment to match direction of other scales with
greater scores indicating improvement.

Meta-Analysis
Overall Summary Effect

Comparedwith control groups, NMES plus TT significantly
improved swallowing function by a SMD of 0.62 (95%CI = 0.06
to 1.17; I2 = 89%; Fig. 4A), which would be considered a
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
moderate effect size. Sensitivity analysis was performed by re-
moving 3 CCT.18,27,28 The SMD from the remaining eight
studies was 0.92 (95% CI = 0.19 to 1.64; I2 = 90%; Fig. 4B).
It seems that the finding was relatively stable.

Etiology of Dysphagia
In the subgroup analyses based on the etiology of dysphagia,

acquired brain injury (stroke and traumatic brain injury)
group exhibited statistically significant improvement between
the two interventions, and the pooled SMD was 0.95 (95%
CI = 0.22 to 1.68; I2 = 87%; Fig. 4C). Head and neck cancer
group (SMD = 0.07; 95% CI = −0.46 to 0.60; I2 = 40%;
Fig. 4C) and Parkinson group (SMD = 0.02; 95% CI = −0.75
to 0.79; I2 = 76%; Fig. 4C) produced an uncertain effect.

Stimulation Muscle Groups
Studies stimulating suprahyoid muscle groups showed a

negative SMD value of 0.17 (95%CI = −0.42 to 0.08; Fig. 4D)
www.ajpmr.com 705
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FIGURE 4. Forest plot: effects of NMES on swallowing function (A), sensitivity analysis by excluding 3 CCT (B), subgroup analysis based on etiology
(C), stimulation muscle groups (D), and stimulation duration (E).
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without significant heterogeneity (I2 = 0%). However, large effect
size was observed in studies stimulating the infrahyoid muscle
groups (SMD = 0.89; 95% CI = 0.47 to 1.30; I2 = 0%; Fig. 4D)
and studies stimulating the suprahyoid and infrahyoid muscle
groups (SMD = 1.40; 95%CI = 1.07 to 1.74; I2 = 91%; Fig. 4D).

Stimulation Duration
When the analysis only included studies stimulating the

infrahyoid muscle groups and stimulating the suprahyoid and
infrahyoid muscle groups, stimulation lasting 45 mins or less
demonstrated a large, significant pooled effect size (SMD=0.89;
95% CI = 0.58 to 1.20; Fig. 4E) without significant heteroge-
neity (I2 = 0%). Studies stimulating lasting more than 45 mins
produced an uncertain effect (SMD = 1.67; 95% CI = −1.02 to
4.37; I2 = 97%; Fig. 4E).
708 www.ajpmr.com
Adverse Effects
Noserious adverse events associatedwithNMESwere reported

in all included studies. Only two studies mentioned that subjects
complained of pain.18,29 One study18 reported transient pain, which
disappeared immediately after cessation of NMES. Lim et al.29

reported that two participants complained of mild pain, but it
was resolved after the adjustment of the stimulation intensity.

Publication Bias
Funnel plot and Egger test were used to assess the publica-

tion bias. The funnel plot was symmetrical on visual inspection
(Appendix 2, Supplemental Digital Content 2, http://links.lww.
com/PHM/A960). Egger tests indicated that no significant
publication bias was observed (P = 0.303).
© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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Quality of Evidence
Quality of evidence contributing to this meta-analysis was

rated as low to very low. The reasons for this decision were doc-
umented. The “Summary of findings” table is shown in Table 2.
DISCUSSION
This systematic review showed that NMES, targeting the

specific muscle groups, plus TT could significantly improve
the swallowing function. Subgroup analysis showed a beneficial
effect in the acquired brain injury group that was not observed in
the head and neck cancer group and Parkinson group. Swallowing
TABLE 2. Summary of findings table

“NMES + TT” Compared With “TTor TT + Sham Stimulation” for Swa

Patient or population: patients with swallowing disorders
Settings: in hospital
Intervention: NMES + TT
Comparison: TT or TT + sham stimulation

Illustrative Comparative Risk
Assumed Risk Correspo

Outcomes
TT or TT + Sham

Stimulation
NME

Swallowing function SMD 0
(0.06 higher

Etiology-acquired brain injury SMD 0
(0.22 higher

Etiology-head and neck cancer SMD 0
(0.46 lower

Etiology-Parkinson SMD 0
(0.75 lower t

Stimulation muscle groups-stimulating
suprahyoid muscle groups

SMD 0
(0.42 lower t

Stimulation muscle groups-stimulating
infrahyoid muscle groups

SMD 0
(0.47 higher

Stimulation muscle groups-stimulating
suprahyoid and infrahyoid muscle groups

SMD 1
(1.07 higher

Stimulation duration-stimulation lasting
45 mins or less

SMD 0
(0.58 higher

Stimulation duration-stimulation lasting
more than 45 mins

SMD 1
(1.02 lower t

*The basis for the assumed risk (eg, themedian control group risk across studies)

assumed risk in the comparison group and the relative effect of the intervention (an

GRADE Working Group grades of evidence.

High quality: Further research is very unlikely to change our confidence in the

Moderate quality: Further research is likely to have an important impact on our

Low quality: Further research is very likely to have an important impact on our

Very low quality: We are very uncertain about the estimate.
a No clear description of allocation concealment.
b No clear description of blinding of participants and personnel.
c No clear description of blinding of outcome assessment.
d Significant heterogeneity.
e Less than 400 subjects.
f Incomplete outcome data.
g No allocation concealment.
h Lack of random sequence generation.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
function could be improved by stimulating the suprahyoid and
infrahyoid muscle groups or single stimulating infrahyoid mus-
cle groups, especially for stimulating 45 mins or less. The qual-
ity of evidence according to GRADE approach ranged from low
to very low.

Further analysis of articles included in this meta-analysis
found that two studies using the same outcome measurement
showed the different result.32,33 Langmore et al.33 reported that
the NMES plus TT had significantly worse PAS scores than the
sham NMES plus TT, whereas Park et al.32 reported that the
NMES plus TT revealed significant improvement in PAS. By
analyzing the characteristics of these two studies,32,33 etiology
llowing Disorders

s* (95% CI)
nding Risk
S + TT Relative Effect

(95% CI)
No. Participants

(Studies)
Quality of the

Evidence (GRADE)

.62 higher
to 1.17 higher)

585 (13 studies) ⊕ ⊕ ⊝⊝
lowa–d

.95 higher
to 1.68 higher)

303 (8 studies) ⊕⊝⊝⊝
very lowa–e

.07 higher
to 0.6 higher)

151 (2 studies) ⊕ ⊕ ⊝⊝
lowe,f

.02 higher
o 0.79 higher)

131 (3 studies) ⊕⊝⊝⊝
very lowc–e,g,h

.17 lower
o 0.08 higher)

286 (5 studies) ⊕ ⊕ ⊝⊝
lowe–h

.89 higher
to 1.3 higher)

101 (3 studies) ⊕ ⊕ ⊝⊝
lowa,e,f

.4 higher
to 1.74 higher)

198 (5 studies) ⊕⊝⊝⊝
very lowa–e

.89 higher
to 1.2 higher)

181 (6 studies) ⊕ ⊕ ⊝⊝
lowa–c,e

.67 higher
o 4.37 higher)

118 (2 studies) ⊕⊝⊝⊝
very lowb–e,h

is provided in footnotes. The corresponding risk (and its 95%CI) is based on the

d its 95% CI).

estimate of effect.

confidence in the estimate of effect and may change the estimate.

confidence in the estimate of effect and is likely to change the estimate.

www.ajpmr.com 709
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and stimulationmuscle groupsmight be reasons for the different
conclusions. Therefore, subgroup analysis was performed based
on etiology and stimulation muscle groups.

This meta-analysis showed a moderate, significant pooled
effect size of 0.62 in the acquired brain injury (stroke and trau-
matic brain injury) group, which is much smaller than what has
been seen in the other meta-analysis.13 Tan et al.13 calculated
effect sizes of 0.78. The author included studies comparing
NMES versus TTand studies comparing NMES plus TT versus
TT into a meta-analysis for “NMES versus TT.” The inappropri-
ately comparisons in their meta-analysis might have caused the
difficulty in interpreting the results. Moreover, the present
meta-analysis included patients with stroke or traumatic brain
injury, whereas the meta-analysis conducted by Tan et al.13

only enrolled patients with stroke. The differences in samples
may have an impact on the effectiveness. Additionally, given
the small number of studies included in the head and neck can-
cer group and Parkinson group, insufficient datawere available
to draw a reliable conclusion.

Another important factor is which muscle groups should
be stimulated. Though large effects sizes observed in studies stim-
ulating the suprahyoid and infrahyoidmuscle groups (SMD=1.40;
95% CI = 1.07 to 1.74) and single stimulating infrahyoid mus-
cle groups (SMD = 0.89; 95% CI: 0.47 to 1.30), there was no
evidence of effect in studies stimulating suprahyoid muscle
groups (SMD = −0.17; 95% CI = −0.42 to 0.08). The possible
reason is that infrahyoid muscle groups, including omohyoid
muscle and sternohyoid muscle, are larger and closer to the sur-
face than the suprahyoid muscle groups.14 Thus, the infrahyoid
muscle groups have greater muscular strength and are more eas-
ily to be stimulated when the surface electrodes are placed.34 Of
particular concern is the fact that most of the infrahyoid muscle
groups lower the hyolaryngeal complex toward the sternum.
Stimulating the infrahyoid muscle groups during swallowing
may increase the risk of aspiration.15

For studies stimulating the suprahyoid and infrahyoidmuscle
groups and stimulating infrahyoid muscle groups, the duration of
stimulation varied from 30 to 60 mins. Studies stimulation lasting
45 mins or less demonstrated a large, significant pooled effect
size (SMD = 0.89; 95% CI = 0.58 to 1.20) without significant
heterogeneity (I2 = 0%). However, the SMD for the stimulating
more than 45-min group (1.67) was greater than that of the stim-
ulating 45 mins or less group (0.89). Given the significant het-
erogeneity and wide CIs in the stimulating more than 45-min
group, caution should be taken before jumping to conclusions.

Three studies reported long-term outcomes for swallow-
ing rehabilitation,17,29,30 which were measured at different time
points after interventions. Therefore, the follow-up data were
not analyzed. Clinically, patients need to improve swallowing
function not only immediately after the intervention but in the
long term. The limited number of long-term follow-up studies
provided limited evidence for long-term effectiveness and limit
comparisons between short- and long-term intervention effects.

As for safety concerns, only pain occurred in two stud-
ies,18,29 which disappeared after cessation of NMES or
adjusting the stimulation intensity. However, possible adverse
events of NMES including laryngospasm, arrhythmia, hypo-
tension, glottic closure, and skin irritation have been reported
previously.38 Perhaps larger patient groups could reveal the
safety of NMES.
710 www.ajpmr.com
The quality of evidence according to GRADE approach
ranged from low to very low. The weakness in quality of evi-
dences was mainly due to the high risks of bias, imprecision,
and inconsistency. Lack of blinding and allocation concealment
constituted the judgment of high risks of bias. Imprecision in-
duced by the small sample sizes and inconsistency from diversi-
ties across the included studies led to downgrading the quality of
evidence. The low quality of the evidence suggested that confi-
dence in the effect estimate is limited and the true effect may
differ substantially from the estimated effect.39 Therefore, this
study cannot draw firm conclusions on the efficacy of NMES.
High-quality studies are needed to reach robust conclusions.

There were some limitations to this systematic review.
First, the included studies differed considerably regarding the
patient characteristics, stimulation parameters, and outcome
measurements contributing to the evident heterogeneity. Second,
the meta-analysis focused on short-term effectiveness immedi-
ately after the intervention, in which only three studies provide
limited evidence for long-term effectiveness and remain contro-
versial. Finally, this systematic review only searched for pub-
lished studies in English, which might also cause potential bias.

CONCLUSIONS
There is no firm evidence to conclude on the efficacy of

NMES on swallowing disorders. Larger-scale and well-designed
RCTs are needed to reach robust conclusions. In addition, re-
searchers should pay attention to the most optimal NMES proto-
col (eligible participants, stimulation muscle groups, duration)
and long-term effects of NMES.
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