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Background: Neuromuscular electrical stimulation with muscle contraction, administered 

through the skin of the neck, improves a patient’s swallowing ability. However, the beneficial 

effects of transcutaneous electrical sensory stimulation (TESS), without muscle contraction, 

are controversial. We investigated the effect of TESS, using interferential current, in patients 

undergoing dysphagia rehabilitation.

Methods: This double-blind, randomized controlled trial involved 43 patients who were 

prescribed in-hospital dysphagia rehabilitation for $3 weeks. Patients were randomly assigned to 

the sensory stimulation (SS) or sham groups; all received usual rehabilitative care plus 2 weeks 

of SS or sham intervention. Outcome measures included cough latency times against a 1% 

citric acid mist, functional oral intake scale (FOIS) scores, and oral nutritional intake – each 

determined after the second and third week following treatment initiation.

Results: Mean patient age was 84.3±7.5 years; 58% were women. The SS and sham groups 

had similar baseline characteristics. Changes in cough latency time at 2 weeks (−14.1±14.0 

vs −5.2±14.2 s, p=0.047) and oral nutrition intake at 3 weeks (437±575 vs 138±315 kcal/day, 

p=0.042) improved more in the SS group than in the sham group. Changes in cough frequency 

and FOIS scores indicated better outcomes in the SS group, based on substantial effect sizes.

Conclusion: TESS, using interferential current through the neck, improved airway defense 

and nutrition in patients suffering from dysphagia. Further large-scale studies are needed to 

confirm the technique’s effect on swallowing ability.

Keywords: transcutaneous electric nerve stimulation, deglutition disorders, rehabilitation, 

nutritional intake

Introduction
Dysphagia provoked by dysfunctional swallowing is a major cause of a poor quality 

of life and poor health, including the development of conditions such as malnutri-

tion and aspiration pneumonia.1 Further, it may result from strokes, head and neck 

cancer, neurodegenerative diseases, and diverse conditions related to aging.1,2 Care for 

patients with dysphagia comprises both compensatory and rehabilitative approaches.3 

The compensatory strategy includes food modifications and posture adjustments that 

minimize aspiration risk and encourage safe eating. On the other hand, the rehabilita-

tive strategy is applied to improve dysphagia. Numerous rehabilitative strategies that 

consider both disease etiology and the patient’s condition are available to treat these 

patients. Recently, systematic reviews have reported that transcutaneous neuromuscular 
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electrical stimulation (NMES), which involves pulsed current 

stimulation through the neck to evoke muscle contractions, 

is effective for various types of dysphagia;4,5 the technique 

is widely applied in clinical practice.6

Sensory stimulation (SS) therapy, such as transcutaneous 

electrical SS (TESS), may be another potential strategy 

for treating dysphagia because activation of the peripheral 

sensory nerves in the larynx and the pharynx can contribute 

to protecting the airway from aspiration.7 In previous NMES 

device studies, swallowing improvements were reported in 

patients with dysphagia following the use of TESS involving 

low pulsed currents, without muscle contraction.8–10 Other SS 

methods are also effective at improving swallowing, including 

pharyngeal electrical stimulation,11 which directly stimulates 

the pharyngeal mucosa via pharyngeal electrodes, and chemical 

SS, using capsaicin.10 Therefore, the stimulation of the affer-

ent nerves may be a key factor for dysphagia rehabilitation 

involving TESS, unlike the efferent nerve stimulation (NMES) 

that elicits muscle contraction and improves swallowing.

Some authors have reported that interferential current 

(IFC)-TESS might also be applied during dysphagia 

rehabilitation.12,13 IFC, which involves an electric beat carried 

on a carrier wave generated by sinuous currents of two different 

frequencies, has different conductivity characteristics than 

pulsed current. For example, IFC extends to deeper tissues 

and is more comfortable for the patient than pulsed current.14 

Therefore, IFC-TESS is expected to stimulate nerves in the 

deep layers of the pharynx and larynx, without being uncom-

fortable. Although IFC-TESS enhances saliva production,15 

shortens pharyngeal latency,13 and increases the swallowing 

frequency in healthy men,12 randomized controlled trials 

involving IFC-TESS have not been conducted in patients 

with dysphagia.

This study aimed to clarify whether IFC-TESS is effec-

tive in treating patients with dysphagia. In this study, we 

hypothesized that cough sensitivity might be improved by 

TESS because the stimulation does not evoke muscle con-

tractions, but stimulates the sensory nerves inside the neck. 

The cough reflex in response to a foreign body in the airway 

plays an important role in respiratory defense, which is also 

important for safe swallowing and may be related to the 

prevention of aspiration pneumonia. Therefore, the primary 

outcome was an improved cough latency time.

Materials and methods
Design and participants
A single-center, parallel-group, randomized, placebo- 

controlled study was conducted in our 150-bed hospital, 

which provides acute and post-acute medical care in a city 

with a population of approximately 100,000. The study 

started in November 2015, with enrollment and follow-up 

ending in September and October 2016, respectively. Patients 

($65 years) who were prescribed dysphagia rehabilitation 

for .3 weeks by their attending physicians were included in 

the study. Patients not providing informed consent or unable 

to remain still during the 15-min stimulations were excluded. 

Additionally, patients who did not have a provoked cough 

on exposure to a citric acid mist for ,90 s were excluded 

before initiating the intervention because the primary out-

come was a measure of cough latency time. Patients who 

died during the study period were also excluded from the 

analysis (Figure 1).

Written informed consent was obtained from all patients 

or their legal guardians, and the study was approved by the 

ethics committee of Tamana Regional Health Medical Center 

(approval ID: TRHMC15-1-10), in accordance with the 

Declaration of Helsinki, and registered in the UMIN Clinical 

Trials Registry (SINE Stim Study ID: UMIN000019478). 

All authors had access to the study data and reviewed and 

approved the final manuscript.

Device and sensory stimulation
A portable device (Gentle Stim®; J Craft, Osaka, Japan) that 

can generate an IFC with a beat frequency of 50 Hz was used 

to carry out TESS. A prototype of the device was used in 

previous studies,12,13,15 without any detectable adverse effects. 

This device was built to stimulate the nerves inside the neck 

through placement of two pairs of electrodes of different 

frequencies (2,000 and 2,050 Hz) across the neck, as shown in 

Figure 2. The skin of the anterior neck was cleaned with a wet 

towel and, then, the electrodes were placed on the neck – the 

anterior electrodes at the edge of the thyroid cartilage and 

the posterior electrodes placed 4.0 cm from the ipsilateral 

electrode – along the mandible. The 15-min SS or sham 

interventions were undertaken twice per day (am and pm), 

5 days per week for 2 weeks. The intensities of the SS and 

sham interventions were set at 3.0 mA (insufficient to produce 

muscle contractions)12 and 0.1 mA, respectively. These pro-

cedures were not carried out during meal times or when other 

therapeutic interventions, such as dysphagia rehabilitation, 

physical training, and nursing care, were being performed. 

Because the study did not restrict any traditional rehabilitation 

or care procedures, participants in both groups received the 

usual treatment in addition to SS/sham stimulation.

Sample-size calculation
We used data from a previous study that reported cough 

latency times for patients with dysphagia to estimate our 
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sample sizes.16 In that study, patients with silent aspiration 

(no reflexive cough) were assessed using videofluoroscopy, 

and demonstrated longer times to evoke the first cough 

after exposure to a mist of a 1% citric acid solution than 

did patients with apparent aspiration (having a cough). The 

standard deviation of the latency time for patients with dys-

phagia was 22.2 s and the time difference between patients 

with silent and apparent aspiration was 19.7 s. Assuming a 

similar difference between the SS and sham groups, at the 

end of the present study, 21 participants were expected to be 

required in each group to allow rejection of the null hypoth-

esis, with a power =0.8 and an alpha error =0.05. Therefore, 

47 participants were enrolled into the study, assuming a 

10% dropout rate.

Randomization, concealment, and blinding
Each participant was randomized into either the SS or sham 

group (1:1 ratio) using a computer-generated sequence. 

Thereafter, all SS and sham interventions were administered 

by one person. The randomized sequence was concealed by 

an independent officer.

All of the participants, speech and language patholo-

gists, nurses, dietitians, attending physicians, and physical 

therapists were also blinded to each patient’s treatment group 

assignment. To blind the participants, all were informed 

Figure 1 Study flow diagram.
Notes: Patients (n=47) were randomly divided into two groups. Ultimately, the two groups contained 21 and 22 patients who were included in the final analysis.

Figure 2 Electrode placement.
Note: Two different alternating currents (2,000 and 2,050 Hz) are carried between 
pairs of electrodes, generating a 50-beat interferential current.
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that they might experience a sensation on their neck skin 

due to the attachment of the electrode tape, regardless of 

any electrical stimulation, and that they might experience 

diminished sensations because of their dysphagia. A similar 

method was used to blind participants in the previous report.17 

The TESS instrument display was also obscured, both during 

SS or sham treatment, using an opaque cover to avoid the 

display being viewed by others. Furthermore, allocation 

information was concealed from the individual conducting 

the outcome assessments and statistical analyses until the 

analyses were complete. The primary outcomes were also 

concealed from all investigators, except the statistician, 

throughout the study period.

Outcomes
Cough latency time, following exposure to a mist of 1% citric 

acid in saline,16,18,19 was considered the primary outcome. 

A validated, handheld nebulizer (NE-U22; Omron, Kyoto, 

Japan)16,18,19 was used to generate the mist. Cough latency 

times were measured, for each patient, upon study entry and 

at 2 and 3 weeks after entry. Cough latency was measured at 

approximately 2 pm to minimize the influence of individual 

circadian conditions. During the test, each participant was 

asked to orally inhale the mist while sitting on a bed; the 

individual’s nose was plugged to ensure oral breathing. 

The latency time (in seconds) from the time of exposure 

until the first cough was provoked16,18 and the 1-min cough 

frequency19 were recorded.

Each patient’s intake of oral nutrition and their swal-

lowing ability were considered secondary outcomes. Each 

participant’s attending dietitian estimated the patient’s oral 

energy intake upon study entry, and at 2 and 3 weeks after 

entry. The functional oral intake scale (FOIS)20 was used to 

assess oral intake. The FOIS is a 7-point (1–7) ordinal scale, 

where the highest value indicates normal swallowing ability 

and the lowest indicates the need for a feeding tube, without 

any oral intake.

Measurements
Each participant’s characteristics, including age, sex, primary 

reason for admission, dysphagia etiology, and stroke history, 

were collected from their medical records. The patient’s body 

mass index (BMI; body weight [kg] divided by height [m] 

squared) and the Mini-Nutritional Assessment Short Form 

(MNA-SF)21 were used as parameters of nutritional status. 

The MNA-SF is a validated scale, ranging from 0 to 14, where 

scores of 0–7, 8–11, and 12–14 indicate malnutrition, risk 

of malnutrition, and normal nutritional status, respectively. 

The Mini-Mental State Examination (MMSE),22 which rep-

resents global cognitive functioning (range, 0 [most severe] 

to 30 [normal]), was used as a parameter of cognitive func-

tion. Additionally, the Barthel Index (BI),23 which represents 

the activities of daily living (range, 0 [dependent] to 100 

[independent]), was used as a measure of physical activity.

Dysphagia severity was assessed videofluorographically, 

using the Penetration Aspiration Scale (PAS), at baseline. 

This assessment involved each patient being asked to swal-

low approximately 3 g (a teaspoon) of barium-containing 

3% gelatin as well as an extremely thick liquid during the 

videofluorography test; each aspect of the test was performed 

twice during each assessment. According to the International 

Dysphagia Diet Standardisation Initiative,24 the gelatin and 

liquid were both considered to represent texture level 4. 

Furthermore, we collected information pertaining to the 

duration of the physical and dysphagia rehabilitations that 

were provided during the intervention (2 weeks) and study 

(3 weeks) periods.

Statistical analysis
Quantitative variables are expressed as means ± standard 

deviation. Differences between groups were analyzed using 

Welch’s t-test. Categorical data are expressed as frequencies 

(percentages), with between-group differences being ana-

lyzed using Fisher’s exact test. To document the intervention 

effect, the effect size (a measure of the relationship strength) 

was determined using r for t-tests and phi for Fisher’s exact 

tests. Effect size values of 0.10–0.20 are considered weak, 

0.20–0.30 mid-range, and .0.30 large; values ,0.10 are 

considered negligible when measuring relationship strength.25 

Changes from baseline were compared for each group, and 

were analyzed using Welch’s t-test. All statistical analyses 

were conducted using SPSS v. 21 (IBM Japan, Tokyo, Japan); 

p,0.05 was considered to indicate statistical significance.

Results
Dysphagia rehabilitation was prescribed to 67 patients dur-

ing the study period. Of these, 47 were enrolled in the study, 

after determining that they met the eligibility requirements 

(Figure 1). However, four patients (two in each group) were 

excluded because they died before the study’s conclusion; 

thus, 43 patients were included in the final analysis. The 

baseline characteristics of the 43 participants (mean age, 

84.3±7.5 years; 58% were females) and their between-group 

comparisons are summarized in Tables 1 and 2. Dysphagia 

rehabilitation (n=23, 53.5%) was the most frequent primary 

reason for hospital admission, and most participants were 
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malnourished, based on the mean BMI and MNA-SF values. 

Further, the mean BI and MMSE scores indicated that most 

were dependent and had severe cognitive impairment. There 

were no differences detected between the groups, based on 

their baseline characteristics (all, p.0.05). The mean cough 

latency time of 44.7 s suggests that many patients had silent 

aspiration at the beginning of the study.

Mean durations of rehabilitation training provided by 

specialists, including speech–language pathologists, trained 

nurses, and physical therapists, were similar between 

the groups. Dysphagia rehabilitation was undertaken for 

405±71 min in the SS group and for 366±173 min in the sham 

group during the first 2 weeks of the study (p=0.975), and 

for 603±118 min and 612±56 min (p=0.748), respectively, 

during the study period. Physical rehabilitation was carried 

out for 395±256 min in the SS group and for 366±173 min 

in the sham group during the first 2 weeks (p=0.669), and 

for 610±319 min and 571±217 min (p=0.647), respectively, 

during the study period.

Table 3 shows the outcomes comparison for the groups. 

After 2 weeks of IFC or sham stimulation, the mean cough 

latency time was longer in the sham group than in the SS 

group. Although not statistically significant (p=0.307), the 

effect size appeared to be related to the group allocation 

(r=0.32). Similar results were observed in the compari-

sons made at 3 weeks (1 week after ending the interven-

tion). At this point, the cough frequencies, FOIS scores, 

and oral nutrition intakes also revealed better, but not 

statistically significant, outcomes in the SS group than in 

the sham group; a substantial effect size was observed. 

Additionally, we examined the changes from the baseline 

outcome parameters (Figure 3). The cough latency time 

at 3 weeks (−14.1±14.0  s vs −5.2±14.2 s, p=0.047) and 

the amount of oral intake at 2 weeks (437±575 kcal/day 

vs 138±315 kcal/day, p=0.042) improved more in the SS 

group than in the sham group. Although the cough frequency 

and FOIS changes from baseline revealed better outcomes, 

with substantial effect sizes, these differences did not reach 

statistical significance.

There were no important harmful or unintended effects, 

such as vomiting, nausea, diarrhea, or pain or numbness of 

the throat in either the treatment or sham control groups. 

In  addition, no patient developed aspiration pneumonia 

during the study period.

Discussion
This double-blind, randomized controlled trial involving 

older adults undergoing dysphagia rehabilitation was con-

ducted to determine whether IFC-TESS provides patients 

with greater benefits than sham treatment. The study revealed 

two important results with regard to the effectiveness of 

IFC-TESS during dysphagia rehabilitation. First, the cough 

latency time, representing protection from aspiration, was 

restored to a greater degree in the SS group than in the sham 

group. Second, the amount of oral nutrition intake also 

showed a greater increase in the IFC-TESS group than in the 

sham group. Considering these points and the procedure’s 

feasibility, IFC-TESS is a potentially feasible dysphagia 

rehabilitation approach.

Table 1 Baseline characteristics of the study participants

Overall 
(n=43)

IFC sensory 
stimulation 
(n=22)

Sham 
stimulation 
(n=21)

p-value

Age, years 84.3±7.5 82.7±8.0 86.0±6.7 0.155
Female, n (%) 25 (58.1) 12 (54.5) 13 (61.9) 0.760
Male, n (%) 18 (41.9) 10 (45.5) 8 (38.1)
BMI, kg/m2 17.7±3.4 17.3±3.0 18.2±3.7 0.430
MNA-SF score 6.1±2.3 5.9±2.5 6.2±2.2 0.647
Barthel Index score 16.1±27.4 19.6±32.7 12.1±20.5 0.368
MMSE score 4.3±7.3 5.6±8.9 2.9±5.0 0.216
Past stroke history 21 (48.8) 9 (40.9) 12 (57.1) 0.366
Primary reason of admission 0.318

Dysphagia 
rehabilitation

23 (53.5) 14 (63.6) 9 (42.9)

Aspiration 
pneumonia

13 (30.2) 6 (27.3) 7 (33.3)

Others 7 (16.3) 2 (9.1) 5 (23.8)

Note: Data presented as mean ± standard deviation or n (%).
Abbreviations: IFC, interferential current; BMI, body mass index; MNA-SF, Mini-
Nutritional Assessment Short Form; MMSE, Mini-Mental State Examination.

Table 2 Baseline characteristics regarding cough reflex, swal­
lowing, and nutritional intake

Overall 
(n=43)

IFC sensory 
stimulation 
(n=22)

Sham 
stimulation 
(n=21)

p-value

Cough latency, s 44.7±21.9 44.0±22.2 45.5±22.0 0.822
Cough frequency, 
n/min

1.4±1.4 1.6±1.5 1.1±1.2 0.234

PAS score 6.0±1.1 6.2±1.0 5.8±1.1 0.259
FOIS score 2.9±1.5 2.7±1.5 3.0±1.6 0.563
Dysphagia etiology 0.666

Stroke 22 (51.2) 11 (50.0) 11 (52.4)
Post-acute disease 9 (20.9) 6 (27.3) 3 (14.3)
Cognitive disorder 5 (11.6) 2 (9.1) 3 (14.3)
Parkinson disease 4 (9.3) 1 (4.5) 3 (14.3)
Head and neck 
disease

3 (7.0) 2 (9.1) 1 (4.8)

Nutritional oral 
intake, kcal/day

353±403 306±452 402±348 0.438

Note: Data presented as mean ± standard deviation or n (%).
Abbreviations: IFC, interferential current; PAS, Penetration Aspiration Scale; FOIS,  
functional oral intake scale.
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Changes in cough latency time, from baseline, improved 

more in the SS group than in the sham group. Although 

between-group comparisons of cough latency times at 2 

and 3  weeks after intervention were not statistically sig-

nificant, the differences showed significant effect sizes, 

confirming the value of evaluating these changes from the 

baseline. An insufficiently small sample size may have been 

responsible for these simple comparisons not demonstrating 

statistical significance. Improvements in cough latency times 

indicate that the protection of the airway against undesirable 

occurrences, such as aspiration, had increased. The cough 

latency time in the presence of a 1% citric acid mist is known 

to be longer in silent aspirators who do not cough, following 

aspiration, than in apparent aspirators who do cough.16 Addi-

tionally, some studies investigating TESS (pulsed current) 

effectiveness in dysphagia rehabilitation demonstrated 

improved PAS,8–10 which partially focuses on the coughing 

up of aspirated material, whereas another study failed to 

demonstrate kinetic motion improvements.26 Therefore, we 

believed that TESS may be useful for recovering this type of 

airway defense by increasing the sensitivity of the laryngeal 

and pharyngeal muscles.

Severe dysphagia is related to low oral nutrition intake3 

and the subsequent malnutrition.27 However, in the present 

study, the amount of nutrition ingested by mouth increased 

more in the SS group than in the sham group. Given that silent 

Table 3 Outcome comparisons between groups

At 2 weeks At 3 weeks

IFC stimulation Sham control p-value Effect size IFC stimulation Sham control p-value Effect size

Cough latency, s 32.6±21.2 39.3±21.0 0.307 0.32 30.0±20.8 40.3±23.7 0.136 0.46
Cough frequency, n/min 2.2±1.6 1.4±1.1 0.064 0.58 2.6±1.8 1.7±1.6 0.119 0.49
FOIS score 3.8±1.3 3.4±1.4 0.306 0.32 3.8±1.3 3.4±1.4 0.349 0.29
Nutritional oral intake, 
kcal/day

743±582 541±451 0.211 0.39 834±586 625±491 0.213 0.39

Note: Data presented as mean ± standard deviation.
Abbreviations: IFC, interferential current; FOIS, functional oral intake scale.

Figure 3 Changes from baseline in cough latency time and oral nutrition intake.
Notes: Interferential current (IFC) stimulation improves cough latency time (A) and oral nutrition intake (B), compared with sham stimulation, based on changes from 
baseline values. The closed and open bars represent the IFC sensory stimulation and sham stimulation groups, respectively. Error bars represent the standard errors of 
the mean.
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aspiration may be associated with poor nutritional status,28 

the increased sensitivity of the airway attributed to IFC-

TESS treatment may help increase oral intake, as observed 

in this study. Moreover, improved swallowing efficiency 

may also be related to improvements in the sensations related 

to swallowing. Hiramatsu et al29 indicated that older adults 

are likely to experience swallowing fatigue during eating. 

Therefore, improved swallowing efficiency may lead to 

increased oral intake.

Comprehensive interventional strategies should be 

provided for patients with dysphagia, including dietary 

modifications, swallowing maneuvers, postural adjustments, 

muscle-strengthening exercises, and facilitatory techniques, 

based on individual assessments.3,30 Facilitatory techniques 

are ones that facilitate swallowing through sensory stimula-

tion, such as thermal and gustatory stimulation.3 Therefore, 

TESS, which directly affects the afferent nerves of the 

larynx and the pharynx, should be considered a technique 

that facilitates swallowing, whereas NMES should be con-

sidered a strengthening exercise. To our knowledge, this is 

the first study to examine the effects of electrical stimula-

tion on cough sensitivity and nutritional intake in patients 

with dysphagia. This is significant because the management 

of nutritional intake can prevent further decline in swal-

lowing function.2 The study involved patients with severe 

cognitive disorders, according to their MMSE scores, who 

were unlikely to tolerate NMES stimulation because the 

associated muscle contractions would be uncomfortable, 

as evidenced by the fact that most NMES studies are not 

conducted in patients with severe cognitive disorders. How-

ever, such patients may undergo TESS treatment. Cognitive 

disorders are important aspects of dysphagia rehabilitation 

because they are associated with sarcopenia and sarcopenic 

dysphagia.2,31 Thus, facilitatory techniques, such as TESS, 

might be valuable for most patients with dysphagia, regard-

less of the specific etiology.

Limitations
The study has some limitations. First, we did not group the 

study participants according to their dysphagia etiology 

because the study was not designed to determine the etiolo-

gies that TESS might be most effective for treating. Second, 

we did not attempt to determine the optimal frequency and 

duration of TESS treatments. Conceivably, better interven-

tion conditions may exist than those used in this study. Third, 

patients with dysphagia who were prescribed short courses of 

rehabilitation were excluded from the study. Thus, whether 

TESS could benefit such patients remains unclear.

Conclusion
IFC-TESS was demonstrated to produce favorable impacts 

on the cough sensitivity and nutritional status of patients with 

dysphagia. Future studies are needed to clarify the influence 

of disease etiology and different interventional methods on 

the outcomes of IFC-TESS treatment in the rehabilitation of 

patients with dysphagia.
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