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Facilitation of oral sensitivity 
by electrical stimulation 
of the faucial pillars
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Dysphagia is common in neurological disease. However, our understanding of swallowing and 
its central nervous control is limited. Sensory information plays a vital role in the initiation of the 
swallowing reflex and is often reduced in stroke patients. We hypothesized that the sensitivity 
threshold of the anterior faucial pillar could be facilitated by either electrical stimulation (ES) or 
taste and smell information. The sensitivity threshold was measured by ES in the anterior faucial 
pillar region. The measurement was repeated 5 min after baseline. Thirty minutes after baseline, the 
participants underwent a test for taste and smell. Immediately after the test, the ES was repeated. 
Thirty healthy volunteers with a mean age of 27 ± 5.1 participated in the trial. Mean sensitivity 
threshold at baseline was 1.9 ± 0.59 mA. The values 5 min after baseline (1.74 ± 0.56 mA, p = 0.027) and 
30 min after baseline (1.67 ± 0.58 mA, p = 0.011) were significantly lower compared to the baseline, 
but there was no difference between the latter (p = 0.321). After 5 min, a potentially facilitating effect 
was found on oral sensitivity by ES of the faucial pillar area. Thirty minutes later, this effect was still 
present.
Trial registration Clinicaltrials.gov, NCT03240965. Registered 7th August 2017—https:// clini caltr ials. 
gov/ ct2/ show/ NCT03 240965.

Abbreviations
ES  Electrical stimulation
PES  Pharyngeal electrical stimulation
TTS  Thermal-tactile stimulation

Dysphagia is encountered in various diseases and clinical specialties, especially in neurological patients, and has 
gained in scientific importance recently. It is associated with increased mortality, morbidity, a longer hospital 
stay, and high treatment  costs1–3. In the acute phase of stroke, up to 80% of patients are diagnosed with swal-
lowing  disorders4. The most serious consequence of dysphagia after stroke is aspiration pneumonia, being the 
most common cause of death in stroke  patients5. Therefore, dysphagia determines the immediate prognosis 
and is of particular relevance to neurological patients due to the functional link to the central and peripheral 
nervous system.

Although research in the field of dysphagia is increasing, there are still large gaps in our understanding of 
swallowing and its central nervous control.

Scientific literature on sensory functions in normal and disordered swallowing is heterogeneous. It differs on 
the importance or unimportance in the swallowing process of various oropharyngeal regions such as mucosa 
of the tongue base, faucial pillars, valleculae, epiglottis, or laryngeal folds. The heterogeneity stems from vari-
ous experiments on human subjects (healthy controls or patients) or animals (rats, lambs, etc.) and different 
methods for measurement of sensory function or mode of swallowing (voluntary vs. involuntary)6. The mode 

OPEN

1Department of Neurology, University Hospital Giessen and Marburg, Justus Liebig University, Klinikstrasse 33, 
35392 Giessen, Germany. 2Faculty of Medicine, Justus-Liebig-University Giessen, Klinikstrasse 29, 35392 Giessen, 
Germany. 3Department I, Faculty of Languages and Literatures, Ludwig-Maximilians-University (LMU), Munich, 
Germany. 4Stroke Unit, Buergerhospital Friedberg, Ockstaedter Str. 3-5, 61169 Friedberg, Germany. 5Department 
of Neurology, Gesundheitszentrum Wetterau, Chaumontplatz 1, 61231 Bad Nauheim, Germany. 6These authors 
contributed equally: Tobias Braun and Samra Hamzic. *email: tobias.braun@neuro.med.uni-giessen.de

https://clinicaltrials.gov/ct2/show/NCT03240965
https://clinicaltrials.gov/ct2/show/NCT03240965
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-021-90262-y&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2021) 11:10762  | https://doi.org/10.1038/s41598-021-90262-y

www.nature.com/scientificreports/

of swallowing in particular is thought to have a significant effect on the swallowing process due to the fact that 
voluntary swallowing appears to be entirely different from involuntary  swallowing7–10.

The hallmark of stroke-related dysphagia is loss of oropharyngeal sensitivity leading to uncontrolled leaking 
of the bolus from the oral cavity into the pharynx and a delayed triggering of the swallowing reflex, predisposing 
the patient to penetration of the bolus to the larynx and aspiration into the trachea without sufficient protective 
 reflexes11–14.

Various approaches to assess oral sensory function already exist. Stimulation of oropharyngeal regions using 
air puffs, testing with Frey filaments, or simple bilateral testing using a cotton swab were described  earlier15,16. 
An objective and quantifiable approach was first described by Power et al. using electrical stimulation (ES) of 
oral structures with an electrode mounted on a gloved  finger17. Apart from the cotton swab, no method has been 
integrated into clinical routine.

To assess sensory function in a large cohort of stroke patients using the method described by Power et al., 
it was necessary to first generate data from healthy controls. The sensory threshold was examined in a specific 
region of the oral cavity, namely the anterior faucial pillar.

The faucial pillar region is of particular interest for our research, being the most distal area of the oropharyn-
geal tract that can be reached easily with the examiner’s index finger and without any side effects such as cough-
ing or gagging. It is assumed that the faucial area plays a significant role in swallowing. Power et al. identified 
projections via the glossopharyngeal nerve from each faucial pillar to the sensory cortex of both hemispheres 
with ipsilateral  predominance18. Data suggest that the contact of the bolus with the faucial pillar triggers the 
swallowing  reflex19–22, although some authors found no evidence for this  theory23,24. This theory stems from the 
observation that the elevation of the hyoid, which marks the time of pharyngeal swallowing, begins when the 
bolus makes contact with the faucial pillar  region25,26.

ES of oral and pharyngeal regions has been implemented as a therapeutic approach to improve swallowing 
function. This is thought to activate neuroplasticity via sensory  pathways27,28. Stimulation with a frequency of 
5 Hz over 10 min over 3 days was found to have the largest  effect29,30 on swallowing function.

We therefore hypothesized that the examination of oral structures via ES itself might facilitate the sensory 
function by lowering the sensory threshold, although we planned to use different parameters for stimulation 
(see below). A facilitating effect would be important for further trials, as this might change the results depending 
on the point of time or repetition of testing. To test our hypothesis, we repeated the examination of the bilateral 
sensory threshold in our participants to evaluate changes evoked by the stimulation itself.

As described in previous works, latency of swallowing reflex is reduced when olfactory and gustatory infor-
mation is  presented6,31–33. For this reason, the influence of taste or smell information on sensory function was 
investigated in our trial as well.

Results
Participants’ characteristics. The median age in the group of volunteers was 27 ± 5.1, 16 persons (53.3%) 
were male, 2 (6.7%) were left-handed, and 5 (16.7%) reported cigarette smoking. The mean taste score was 
11.83 ± 1.86, and the mean smell score was 11.13 ± 0.86.

Sensitivity threshold testing. In one person, we were unable to measure the sensitivity threshold of the 
left side, even when we increased the intensity to 100 mA.

A repeated-measures ANOVA showed a significant effect of time (F(1.839, 53.323) = 5.039; p = 0.012; 
Greenhouse–Geisser).

The sensitivity threshold was lower compared to baseline 5 min after the first measurement (1.9 ± 0.59 mA vs. 
1.74 ± 0.56 mA; t(29) = 2.321; p = 0.027; Cohen’s d = 0.42; Bonferroni corrected p = 0.081). As this effect (although 
only significant by trend when corrected for multiple comparisons) could have been due to a training effect, we 
analysed the three values of the baseline measurement. The values for each individual side and the total of both 
sides showed high consistency  (ICCleft = 0.75,  ICCright = 0.66) and did not differ statistically (p > 0.05). This effect 
was also present after 30 min (1.9 ± 0.59 mA vs. 1.67 ± 0.58; t(29) = 2.721; p = 0.011; Cohen’s d = 0.49; Bonferroni 
corrected p = 0.033). The values 5 min after baseline and 30 min after baseline did not differ (1.74 ± 0.56 mA 
vs. 1.67 ± 0.58 mA; t(29) = 1.030; p = 0.321; Cohen’s d = 0.18; Bonferroni corrected p = 0.963). The results of the 
sensitivity measurements are depicted in Table 1 and Fig. 1.

Table 1.  Results of the sensitivity threshold measurement.

Total (n = 30) Left side (n = 29) Right side (n = 30)

Sensitivity threshold (mA; mean&SD)

Baseline 1.9 (± 0.59) 1.88 (± 0.66) 1.88 (± 0.6)

 First value 2.07 (± 0.82) 2.05 (± 0.76)

 Second value 1.81 (± 0.59) 1.91 (± 0.82)

 Third value 1.78 (± 0.88) 1.85 (± 0.64)

5 min after baseline 1.74 (± 0.56) 1.69 (± 0.52) 1.78 (0.67)

30 min after baseline 1.67 (± 0.58) 1.61 (± 0.6) 1.7 (± 0.63)
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The order of smell and taste examinations had no impact on the 30-min value of the sensitivity threshold 
(smell first: 1.63 mA ± 0.64 vs. taste first: 1.7 mA ± 0.53; p = 0.728; t-test).

Discussion
Electrical threshold testing of the anterior faucial pillar is a simple, safe, and accurate diagnostic measure. By 
use of this method, we found a decrease over time in sensitivity threshold when the measurement was repeated 
5 min and 30 min after baseline testing. A training effect seems unlikely, as the single values of the baseline 
measurement did not show this effect. The present data do not allow us to differentiate whether the lower sensi-
tivity threshold 30 min after baseline is a prolonged facilitating effect of the ES or due to olfactory or gustatory 
information.

Stimulation of oropharyngeal structures with different modalities is used to improve the swallowing func-
tion of dysphagic patients. Olfactory information is thought to improve swallowing by activating the bilateral 
insular cortex, which is involved in central control of swallowing. Treating dysphagic patients with volatile black 
pepper oil improved their swallowing  function31. Gustatory information is known to reduce the latency of the 
swallowing reflex. In particular, a sour bolus seems to have a large effect on the swallowing  function6,32. Recently, 
the use of capsaicin has been evaluated for treating dysphagia. Capsaicin was found to increase substance P in 
the saliva. Substance P is a neuropeptide that enhances the swallowing and cough  reflex34. Using capsaicin, 
Cabib et al. demonstrated a higher excitability of the motor cortex and enhancement of sensory conduction 
using transcranial magnetic  stimulation35. Dysphagic patients showed an improvement in swallowing function 
when treated with capsaicin as compared to the  placebo36. As olfactory and gustatory information has a positive 
impact on the swallowing function, it is conceivable that our test had an impact on the sensitivity threshold. 
With the present data, however, we are unable to distinguish between an effect of the ES or the taste and smell 
tests on the sensitivity threshold.

ES of oropharyngeal mucosa is an approved therapy for dysphagia following stroke. In theory, ES is thought 
to drive neuroplasticity by activating sensory  fibres37. For pharyngeal electric stimulation (PES), an electrode 
mounted on a nasogastric tube is placed into the pharynx with contact to the posterior wall. The stimulation 
parameters with the largest effect were a stimulation at 5 Hz and a square wave duration of 200 µs with an indi-
vidually adjusted stimulus intensity based on sensitivity threshold and maximum tolerated  intensity29,38,39. PES 
was performed for 10 min on three consecutive days. Several smaller trials demonstrated a positive effect of 
PES on swallowing  function30,39,40. However, a large multicentre trial failed to show this effect, which might be 
explained by the inclusion criteria and low stimulation intensity in the  patients41. The same stimulation paradigm 
was used in a second multicentre trial in stroke patients tracheotomised due to dysphagia. This trial was termi-
nated early because more patients receiving PES were ready for decannulation as compared to patients receiving 
sham  stimulation42. ES of the faucial pillar region was also evaluated as a potential therapy method for dysphagia. 
Power et al. showed a facilitation of corticobulbar fibres using transcranial magnetic stimulation following a 
10-min stimulation with a stimulus frequency of 0.2 Hz and a stimulus intensity of 75% of the maximum tolerated 
 intensity17. When using this stimulation paradigm in dysphagic stroke patients, there was no effect on different 
swallowing parameters assessed by  videofluoroscopy43. ES of the faucial pillar region has not been implemented 
into clinical routine. Our results might be explained by the effect of ES; however, our stimulation paradigm is 
different from the parameters that were used in prior experiments. Verifying our results in dysphagic patients 
regarding an improvement of swallowing function (using videofluoroscopy or flexible endoscopy of swallowing) 
would also be necessary to test for a clinical effect.

Figure 1.  Measurements of sensitivity threshold presented as mean and standard deviation. The values 
5 min after baseline (1.74 ± 0.56 mA, p = 0.027, Bonferroni corrected p = 0.081) and 30 min after baseline 
(1.67 ± 0.58 mA; p = 0.011, Bonferroni corrected p = 0.033) are significantly lower compared to baseline, but there 
is no difference between 5 and 30 min after baseline (p = 0.321, Bonferroni corrected p = 0.963).
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Thermal stimulation of oropharyngeal structures with ice (thermal-tactile stimulation = TTS) is a widely 
used approach in dysphagia therapy. This method is used to treat patients with an absent or delayed pharyngeal 
swallowing reflex. TTS is thought to improve the swallowing function by modulating the swallowing reflex. 
Alternatively, TTS may act as a heightened sensory input to central regions, facilitating a more rapid swallow-
ing  trigger44. An immediate effect of the swallowing function, such as increased speed of the swallowing trigger, 
has been described  previously20,21. A review by Schwarz et al. did not show any evidence for a long-term effect 
on patients’ outcomes. The data on this matter must be interpreted carefully, as Schwarz et al. found large het-
erogeneity of the  trials44.

As TTS and ES both include a mechanical component, the effect of mechanical stimulation has also been 
investigated. Sciortino et al. and Kaatzke-McDonald et al. found no effect of tactile stimulation on swallowing 
latency, using a probe to stroke the faucial pillar  region45,46. As literature on the effect of pure tactile or mechanical 
stimulation in swallowing is sparse, the possibility remains that our results might at least partially be explained 
by the mechanical effect of the stimulation.

This study is limited by our inability to differentiate between an ongoing effect of the ES or an effect of the 
taste and smell tests, as described above. In case of an independent effect by smell or taste testing, it is not pos-
sible to determine which test is responsible for the effect. Repeating the test without sensoric testing or after a 
longer period (i.e., 24 h later) would help to further investigate the facilitating effect on the sensitivity threshold 
by ES. We are also unable to differentiate between an effect of the mechanical stimulation by the pressure of the 
finger-mounted electrode and the ES itself on the sensitivity. Further testing of patients in a clinical context is 
necessary to evaluate the clinical relevance of our findings. As we performed this experiment only in subjects 
below the age of 60, subjects with age 60 and above should be included, as dysphagia-related diseases (i.e., stroke 
or Parkinson’s disease) occur mainly in the elderly.

The facilitating effect must be kept in mind when sensitivity of the oral cavity is measured repeatedly in 
clinical trials. Measuring the sensitivity threshold in a standardized manner, as described below, offers the pos-
sibility of an objective and quantifiable measurement method for oral sensitivity. If the sensitivity threshold is 
assessed in the context of a clinical trial with dysphagic patients, we recommend measuring it first to circumvent 
a potential facilitating effect. In bedside screening, comprehensive examination of swallowing by a speech and 
language pathologist and endoscopic or videofluoroscopic evaluation of swallowing, the patient is usually given 
some amount of food and liquid. This might lead to a facilitating effect on the threshold, altering the results. By 
postponing the endoscopic evaluation of swallowing past ES and by conducting a standardized water-swallow 
test 4 h prior to ES, we estimate that the facilitating effect on sensitivity threshold will not occur and that the 
generated data might remain unbiased.

Methods
Participants. The study was conducted in a large German university hospital. The participants were healthy 
and below the age of 60.

The volunteers were included in the trial after providing written informed consent. The exclusion criteria 
comprised of a history of dysphagia (i.e., Parkinson’s disease, prior stroke, COPD, ENT tumours, dementia, etc.), 
known disturbances of smell and taste, known allergies to odorants or flavourings, or an implanted electrical 
device (i.e., cardiac pacemaker).

For the data acquisition and the use of findings for scientific analyses, an ethical approval was obtained from 
the local ethical committee (Justus-Liebig University, protocol number 149/16). All methods were carried out 
in accordance with relevant guidelines and regulations for involving human participants in the study. All par-
ticipants gave informed consent.

The study was prospectively registered at www. clini caltr ials. gov (NCT03240965; registered 07/08/2017).

Sensitivity threshold. Sensitivity testing of the oral cavity was performed by measuring the sensitivity 
threshold of the faucial pillar, as described by Power et al.17. By this approach, we were able to acquire quantifi-
able and objectifiable measurements. A commercially available pudendal electrode (St Mark’s Pudendal Elec-
trode, Natus Neurology Incorporated, Middleton, Wisconsin, USA) was used for stimulation. Delivering the 
stimulation to the wet mucosa of the oral cavity, does not pose much of a problem, as the pudendal electrode 
(designed for transvaginal or transrectal stimulation of the pudendal nerve) is designed for such an environ-
ment. The adhesive electrode was mounted on the finger, with the anode (diameter 6 mm) attached directly 
on the fingertip. The stimulation occurs directly underneath the anode. The anode was placed with moderate 
pressure on the medial part of the anterior faucial pillar in the lower third just above the height of the last molar 
tooth. The cathode (diameter 3 mm) had contact with the buccal mucosa. During stimulation, the position of 
the fingertip was visually controlled.

The pudendal electrode was connected to a common electroneurography device (Dantec Keypoint, Natus 
Neurology Incorporated, Middleton, Wisconsin, USA). The electric stimuli were delivered with the continuous 
stimulation setting at a frequency of 3 Hz with a square wave duration of 200 ms. We increased the stimulus 
intensity in 0.2 mA steps until the participant felt the stimulus. The measurement was repeated three times for 
each side in random order. We calculated the mean for each side, as well as the mean of both sides taken together.

Taste. To assess taste, we used a commercially available taste test kit (“Taste Strips”, Burghart Messtechnik, 
Wedel, Germany). This test was validated in a large study by Landis et al.47. A filter paper strip with a 2  cm2 tip 
area impregnated with different tastants (4 basic qualities in 4 different concentrations) was placed in the mid-
dle of the volunteer’s tongue. The taste strips featured the following concentrations: sweet: 0.4, 0.2, 0.1, 0.05 g/
ml sucrose; sour: 0.3, 0.165, 0.09, 0.05 g/ml citric acid; salty: 0.25, 0.1, 0.04, 0.016 g/ml sodium chloride; and 
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bitter: 0.006, 0.0024, 0.0009, 0.0004 g/ml quinine hydrochloride. A taste score was calculated from the number 
of correct answers.

Smell. Smell was tested with a commercially available screening test using 12 different felt-tip pens soaked 
with different odorants (“Sniffin Sticks,” Burghart Messtechnik, Wedel, Germany). Each odorant was presented 
to the middle of the participant’s nose. The test contained aromatic and trigeminal odorants. For each odorant, 
the participant had to choose the correct answer from a list of four different options. A smell score was calculated 
from the number of correct  answers48.

Experimental procedure. Prior to testing, the participants fasted for at least one hour. The sensitivity was 
measured twice with a 5-min interval to test for facilitation of the threshold by the test procedure itself. Twenty-
five minutes after the second measurement, we conducted the taste and smell tests to assess facilitation of the 
sensitivity threshold by those stimuli. The order of tests (smell first or taste first) was randomised. Afterwards, 
sensitivity was measured a third time. The workflow of the experiment is depicted in Fig. 2.

Statistical analysis. Data are presented as mean and standard deviation. A repeated measures ANOVA 
was used to test for differences between the groups. For post-hoc tests, we used paired t-tests with correction for 
multiple comparisons (Bonferroni). For the remaining test, we used Student’s t-test. We also calculated Cohen’s 
d for the effect size. All statistical analyses were performed with SPSS, version 23.0 (©SPSS, Inc., IBM Company, 
2015, Chicago, IL).

Ethics approval and consent to participate. For the data acquisition and the use of findings for sci-
entific analyses, an ethical approval was obtained from the local ethical committee (Justus-Liebig University, 
protocol number 149/16). All methods were carried out in accordance with relevant guidelines and regulations 
for involving human participants in the study. All participants gave informed consent.

Data availability
The authors declare that the data supporting the findings of this study are available within the article.
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