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Objective: The aim of this study was to assess whether aural stimulation with ointment 

containing capsaicin improves swallowing function in elderly patients with dysphagia.

Study design: A randomized, placebo-controlled, double-blind, comparative study.

Settings: Secondary hospital.

Patients and methods: Twenty elderly dysphagic patients with a history of cerebrovascular dis-

order or Parkinson’s disease were randomly divided into two groups: 10 receiving aural stimulation 

with 0.025% capsaicin ointment and 10 stimulated with placebo. The ointments were applied to the 

external auditory canal with a cotton swab. Then, swallowing of a bolus of blue-dyed water was 

recorded using transnasal videoendoscopy, and the swallowing function was evaluated according 

to both endoscopic swallowing scoring and Sensory-Motor-Reflex-Clearance (SMRC) scale.

Results: The sum of endoscopic swallowing scores was significantly decreased 30 and 60 min 

after a single administration in patients treated with capsaicin, but not with placebo. Reflex score, 

but not Sensory, Motion and Clearance scores, of the SMRC scale was significantly increased 

5, 30 and 60 min after single administration in patients treated with capsaicin, but not with 

placebo. No patient showed signs of adverse effects.

Conclusion: As capsaicin is an agonist of the transient receptor potential vanilloid 1 (TRPV1), 

these findings suggest that improvement of the swallowing function, especially glottal closure 

and cough reflexes, in elderly dysphagic patients was due to TRPV1-mediated aural stimula-

tion of vagal Arnold’s nerve with capsaicin, but not with a nonspecific mechanical stimulation 

with a cotton swab.

Keywords: dysphagia, capsaicin, cough reflex, videoendoscopy, SMRC scale, external audi-

tory canal

Introduction
Dysphagia affects elderly and neurological patients, increasing the risk for aspiration 

pneumonia.1 Patients with dysphagia show difficulty in moving a bolus safely from 

the oral cavity to the esophagus, which allows it to penetrate into the airways. Thus, 

dysphagia can cause severe complications such as aspiration pneumonia, respiratory 

infection and malnutrition or death.

There is evidence that dysphagia is related to oropharyngolaryngeal sensory 

deficits, and that the therapeutic sensory stimuli on the oropharynx compensate for 

the loss of oropharyngolaryngeal sensitivity in elderly dysphagic patients.2 In fact, 

it was reported that vagal sensory stimulation in the pharynx with a capsaicin pastille 
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improves the delay in swallowing function in elderly patients 

with dysphagia.3 However, oral administration of capsaicin 

pastille has the risk of causing aspiration in these patients. 

Accordingly, we then proposed the hypothesis that ectopic 

stimulation of the Arnold’s branch of the vagus in the exter-

nal auditory canal with capsaicin also improved swallowing 

function. In our previous study, we indeed showed that aural 

stimulation with capsaicin ointment improved swallowing 

function in elderly patients with dysphagia, suggesting that 

aural stimulation with capsaicin ointment may be a safer 

therapy for dysphagia.4

Capsaicin is the main component of red pepper. It is an 

agonist of transient receptor potential vanilloid 1 (TRPV1)5 

and activates TRPV1 in peripheral sensory C-fibers. As a 

subset of neurons in the vagal nodose ganglion expresses 

TRPV1,6 our previous study suggested that ointment con-

taining capsaicin activates TRPV1 in vagal Arnold’s nerve 

of the external auditory canal, resulting in improvement 

of the swallowing function.4 However, we cannot exclude 

the possibility that a nonspecific mechanical stimulation of 

the external auditory canal with a cotton swab rather than the 

TRPV1-mediated stimulation with capsaicin improves 

swallowing function in dysphagic patients. To exclude this 

possibility, we designed a randomized, placebo-controlled, 

double-blind, comparative study to compare the effects of 

ointment containing capsaicin on swallowing function to 

those of placebo in elderly patients with dysphagia.

Patients and methods
Study design
This study was a double-blind, randomized controlled, 

comparative study. It was conducted at Kochi National 

Hospital from July 2014 to March 2015. It was approved 

by the Committees for Medical Ethics of Kochi National 

Hospital and Tokushima University Hospital, and a written 

informed consent was obtained from each patient prior to the 

study. The Clinical Trial registration number of this study is 

UMIN000013443.

Subjects
Twenty elderly patients with dysphagia were enrolled in this 

study. The sample size was calculated based on the follow-

ing parameters: α=0.05, β=0.20, power =80%, estimated 

difference =1.5 and SD=1.0. The calculation determined 

that the minimal size for each group was eight patients. 

Accordingly, 20 patients were enrolled and divided into 

two groups: 10 patients in the capsaicin group and 10 in 

the placebo group. Their baseline clinical characteristics 

are shown in Table 1. Patients complained of choking upon 

swallowing water or food, but had no obstructive lesion in 

the pharyngolarynx as confirmed by endoscopy. They suf-

fered from an old cerebrovascular disorder or Parkinson’s 

disease, and no patients had an active ear disease such as 

otitis externa or myringitis.

Intervention
The patients had a baseline videoendoscopic evaluation of 

the swallowing function using both endoscopic swallowing 

scoring and Sensory–Motor–Reflex–Clearance (SMRC) 

scale. They were then divided into two groups by comput-

erized randomization: a capsaicin group (group C) and a 

placebo group (group P). Their swallowing function was 

evaluated by transnasal videoendoscopy 5, 30 and 60 min 

after a single application of 0.5 g of 0.025% capsaicin or 

placebo ointment to the right external auditory canal with a 

cotton swab under an otoscope (Figure 1). The randomization 

and supply of ointment were performed by a blinded phar-

macist who was not involved in the study. Throughout the 

study, the patients were observed to evaluate the occurrence 

of any adverse effects such as otalgia or headache.

Capsaicin ointment and placebo
Based on the Japanese Pharmacopoeia (16th edition) pub-

lished by the Ministry of Health, Labor and Welfare of Japan, 

0.025% capsaicin ointment was prepared according to the 

protocol of Japanese Drug Preparation of Hospital Pharmacy 

(4th edition) as follows: 25 mg of capsaicin (Sigma-Aldrich 

Co., St Louis, MO, USA) was dissolved in 500 μL of 100% 

ethanol (Wako Pure Chemical Industries, Ltd., Osaka, Japan) 

and the solution was then mixed with 100 g hydrophilic 

ointment. Placebo was only hydrophilic ointment of the same 

color and viscosity as the capsaicin ointment.

Table 1 Patient characteristics

Charasteristic Capsaicin 
(n=10)

Placebo 
(n=10)

P-value

Age, yearsa 80.4±9.5 80.1±5.9 NS*
Sex: M/F, n 10/0 9/1 NS**
Pathology: Ce/Pa, n 9/1 8/2 NS**
Duration after onset, monthsb 15.5 20.0 NS*
ESSa,c 5.3±1.4 5.4±1.4 NS*
SMRC scalea

Sensory score 2.5±0.5 2.8±0.4 NS*
Motion score 1.9±0.3 1.8±0.4 NS*
Reflex score 1.5±0.5 1.6±0.5 NS*
Clearance score 2.0±0 1.7±0.5 NS*

Notes: aMean ± SD, bmedian, cESS, total score of endoscopic swallowing scoring. 
*Mann–Whitney U test, **Fisher’s exact test.
Abbreviations: Ce, cerebrovascular disease; NS, not significant; Pa, Parkinson’s 
disease; SMRC, Sensory–Motor–Reflex–Clearance.
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Videoendoscopy
The standard protocol of videoendoscopic evaluation of 

swallowing proposed by the Oto-Rhino-Laryngological 

Society of Japan was used.7 Accordingly, patients were seated 

facing an otolaryngologist. Water was dyed with blue food 

coloring for ease of visualization and given to the patient 

in a bolus of 3 mL. Swallowing of the blue-dyed water was 

recorded by the video rhinolaryngoscope system with a flex-

ible fiber optic endoscope of 3.1 mm diameter (VNL-100S®; 

Pentax, Tokyo, Japan). The video images of swallowing were 

evaluated using both endoscopic swallowing scoring and 

SMRC scale by another otolaryngologist blinded to clinical 

data and independent from the examiner.

Evaluation of the swallowing function
Endoscopic swallowing scoring was used to evaluate the total 

swallowing function with videoendoscopy (Table 2).8,9 The 

endoscopic swallowing scoring consists of four swallowing 

components: 1) salivary pooling in vallecula and pyriform 

sinuses, 2) the response of glottal closure reflex induced by 

touching the epiglottis with endoscope, 3) location of the 

bolus at the time of swallowing onset assessed by endoscopic 

whiteout and 4) the extent of pharyngeal clearance after 

swallowing of blue-dyed water. Each item was scored on a 

scale of 0–3 as shown in Table 2, and the sum of each score 

was used as an index of total swallowing function. Clinically, 

the full score is 12, and a score of more than 7 indicates a 

serious risk for aspiration, while a score of 7 or less during 

endoscopic swallowing evaluation with test jelly reliably 

predicts the ability to eat pureed diets.9

The swallowing function consists of four subfunctions: 

sensory initiation of swallowing reflex, motion to hold a 

bolus in the oral cavity and induce laryngeal elevation, 

glottal closure and cough reflexes and pharyngeal clear-

ance of a bolus into the esophagus.10,11 Accordingly, we 

used the SMRC scale to evaluate the four subfunctions of 

the swallowing function with videoendoscopy separately: 

1) Sensory: initiation of swallowing reflex as assessed 

by endoscopic whiteout; 2) Motion: holding bolus in the 

oral cavity and inducing laryngeal elevation according to 

instructions; 3) Reflex: glottal closure and cough reflexes 

induced by touching epiglottis or arytenoids with endoscope 

and 4) Clearance: pharyngeal clearance of the bolus after 

Table 2 Endoscopic swallowing scoring

1.	Salivary pooling in vallecula and pyriform sinuses
0: N o pooling
1: P ooling at only vallecula
2: �P ooling in vallecula and pyriform sinuses and no penetration into 

the larynx
3: �P ooling in vallecula and pyriform sinuses and penetration into the 

larynx
2.	The response of glottal closure reflex induced by touching epiglottis 

with endoscope
0:  Marked reflex by one touch
1:  Slow and/or weak reflex by one touch
2:  Reflex by two or three touches
3:  No reflex despite three touches

3.	The location of the bolus at the time of swallow onset assessed by 
endoscopic whiteout
0: P haryngeal 
1:  Vallecula 
2: P yriform sinuses 
3: N o swallowing 

4.	The extent of pharyngeal clearance after swallowing of blue-dyed water
0: N o residues 
1: �P haryngeal residues remain, but are absent after swallowing is 

attempted two or three times 
2: �P haryngeal residues remain, but do not penetrate into larynx 
3: P haryngeal residues remain and penetrate into larynx

Enrollment Patients assessed for eligibility (n=20)

Randomized (n=20)

Allocation

Analysis
Analyzed (n=10) Analyzed (n=10)

 • Received allocated intervention
 Aural stimulation with capsaicin ointment

Allocated to intervention group capsaicin (n=10)
    • Received allocated intervention
 Aural stimulation with placebo ointment

Allocated to intervention group placebo (n=10)

Figure 1 Patient flowchart.
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Figure 2 Changes in endoscopic swallowing scores after single aural administration in capsaicin and placebo groups.
Notes: *P=0.003 in Friedman test; P=0.05 with Shirley–Williams post hoc test. Data shown as mean ± SD. n=10.
Abbreviation: NS, not significant.

Table 3 SMRC scale

1.	Sensory: Initiation of swallowing reflex as assessed by endoscopic 
whiteout
3: Bolus at vallecula
2: Bolus at pyriform sinuses
1: Bolus retention at bottom of pyriform sinuses
0: No swallowing initiation

2.	Motion: holding bolus in oral cavity and inducing laryngeal elevation 
according to instructions
2: Both holding bolus in oral cavity and inducing laryngeal elevation
1: Either holding bolus in oral cavity or inducing laryngeal elevation
0: Neither of them

3.	Reflex: glottal closure and cough reflexes induced by touching 
epiglottis or arytenoids with endoscope
3: Brisk cough reflex
2: Brisk glottal closure reflex with weak or delayed cough reflex
1: Weak or delayed glottal closure and cough reflexes
0: Neither of them

4.	Clearance: pharyngeal clearance of bolus after swallowing
3: No bolus and saliva residues after swallowing once or twice
2: No bolus residue after swallowing once or twice, but saliva residue
1: No bolus residue after swallowing three times or more
0: Bolus residue even after swallowing three times or more

Abbreviation: SMRC, Sensory–Motor–Reflex–Clearance.

swallowing (Table 3).12 Each function except Motion was 

scored on a scale of 0–3, and Motion was scored on a scale 

of 0–2 as shown in Table 3. SMRC scale scores were used as 

an index of each swallowing subfunction. Clinically, Score 0 

of any function indicates no oral feeding because of the high 

risk for aspiration. Score 1 or 2 of any function (1 of Motion) 

indicates the need for intervention such as changing the form 

of food and swallowing training. In our recent study, we 

also showed a significant correlation between cough reflex 

sensitivity to citric acid in the cough reflex test and Reflex 

score with videoendoscopy in elderly patients with dysphagia 

(manuscript in preparation).

Statistical analysis
The primary outcome was improvement of the sum of 

endoscopic swallowing scores and each score of SMRC 

scale in patients with dysphagia after aural stimulation with 

capsaicin ointment or placebo. Comparison of baseline clini-

cal characteristics between groups C and P was carried out 

by Mann–Whitney U test and Fisher’s exact test. Changes 

in endoscopic swallowing scoring and SMRC scale after 

stimulation with capsaicin ointment or placebo were analyzed 

by Friedman test and Shirley–Williams post hoc test, and 

P#0.05 was considered statistically significant. Statistical 

analysis was done using Microsoft® Excel 2010 Japanese 

version (Microsoft Japan, Tokyo, Japan) and Statcel version 

3 (OMS Publishing Inc., Saitama, Japan).

Results
Baseline clinical characteristics of each group are shown in 

Table 1. There were no statistical differences in age, sex, 

pathology, duration after onset, total score of endoscopic swal-

lowing scoring or SMRC scale between groups C and P.

Changes in the sum of endoscopic swallowing scores after 

single aural administration of capsaicin ointment or placebo 

are shown in Figure 2. The endoscopic swallowing scores 

of group C were significantly decreased 30 and 60 min after 

single aural administration of capsaicin ointment (P=0.05). 

But the endoscopic swallowing scores of group P were 

unchanged after single aural administration of placebo. Mean 

changes in endoscopic swallowing scores from baseline (pre) 

to post-5, -30 and -60 min in groups C and P are shown in 

Figure 3. The decrease in endoscopic swallowing scores of 

group C was significantly greater than that of group P at 

post-30 and -60 min (P,0.05).
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Sensory, Motion, Reflex and Clearance scores of SMRC 

scale after single aural administration of capsaicin ointment 

or placebo are shown in Figures 4 and 5. Reflex scores, but 

not Sensory, Motion and Clearance scores, of group C were 

significantly increased 5, 30 and 60 min after single aural 

administration of capsaicin ointment (P=0.05). However, 

any scores of SMRC scale in group P were unchanged after 

a single aural administration with placebo. Mean changes in 

Reflex scores from baseline (pre) to post-5, -30 and -60 min 

in groups C and P are shown in Figure 6. The increase 

of the Reflex score in group C was significantly higher 

than that of group P at post-30 and -60 min (P,0.05). No 

adverse effects including otalgia, headache, otitis externa 

and myringitis were induced in any patient up to 120 min 

after administration.

Discussion
In this study, the sum of endoscopic swallowing scores was 

improved up to 60 min after the stimulation of the external 

auditory canal with 0.025% capsaicin ointment in elderly 

patients with dysphagia. Moreover, this study demonstrates 

that among the four subfunctions of swallowing function, 

only the Reflex score of glottal closure and cough reflexes 

was improved by stimulation with capsaicin ointment. These 

effects were not observed in the placebo group, indicating 

that it was not a nonspecific mechanical stimulation, but the 

capsaicin ointment applied to the external auditory canal 

that improved their swallowing function, especially glottal 

closure and cough reflexes. Furthermore, nonresponders in 

group C suggest individual differences in the effects of cap-

saicin ointment. But the nonspecific mechanical stimulation 

of cotton swab might improve the laryngeal reflex in some 

responders in group P.

Accordingly, it is suggested that capsaicin-TRPV1-

mediated stimulation of the Arnold’s branch of the vagus in 

Figure 3 Mean changes in endoscopic swallowing scores from baseline (pre) to 
post-5, -30 and -60 min in capsaicin (black) and placebo (gray) groups.
Note: *P,0.05 in Mann–Whitney U test.
Abbreviations: NS, not significant; ESS, endoscopic swallowing scoring.

Figure 4 Changes in SMRC scale after single aural administration in capsaicin group.
Notes: *P=0.003 in Friedman test; P=0.05 with Shirley–Williams post hoc test. Data shown as mean ± SD, n=10.
Abbreviations: NS, not significant; SMRC, Sensory–Motor–Reflex–Clearance.
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Figure 5 Changes in SMRC scale after single aural administration in placebo group.
Note: Data shown as mean ± SD, n=10.
Abbreviations: NS, not significant; SMRC, Sensory–Motor–Reflex–Clearance.

Figure 6 Mean changes in reflex scores from baseline (pre) to post-5, -30 and -60 
min in capsaicin (black) and placebo (gray) groups.
Note: *P,0.05 in Mann–Whitney U test.
Abbreviation: NS, not significant.

the external auditory canal improved swallowing function 

in these elderly dysphagic patients. Indeed, the auricular 

branch of the vagus, the Arnold’s nerve, is distributed to the 

external auditory canal, and its stimulation triggers cough 

reflex.13 This is frequently encountered by otolaryngologists 

in the management of the external auditory canal, such as ear 

syringing.14 As the stimulation of sensory C-fiber branches 

of the vagus in the laryngotracheal mucosa with capsaicin 

induces cough  reflex,15 it is suggested that stimulation of 

Arnold’s nerve, a branch of the vagus distributed to the 

external auditory canal, with capsaicin improved glottal 

closure and cough reflexes in dysphagic patients. On the 

other hand, it was reported that oral administration of a 

pastille containing capsaicin improved the delay in swal-

lowing function in patients with dysphagia.3 Oral adminis-

tration of capsaicin stimulates the sensory C-fibers of the 

trigeminal, glossopharyngeal and vagal nerves in the oral 

and pharyngolaryngeal mucosa, but aural stimulation with 

capsaicin stimulates only the Arnold’s branch of the vagus. 

It is, therefore, suggested that oral administration of capsai-

cin improves the delay in swallowing function, while aural 

stimulation improves only the Reflex score of glottal closure 

and cough reflexes, but not Sensory, Motion and Clearance 

scores in dysphagic patients.

Glottal closure and cough reflexes are important airway 

protective mechanisms against aspiration. It was shown that 

sensitivity of the cough reflex was reduced in patients with 

aspiration pneumonia.16 Angiotensin-converting enzyme 

inhibitors have been shown to reduce the prevalence of 

aspiration pneumonia in post-stroke patients, because angio-

tensin-converting enzyme inhibitor induces cough.17–19 This 

study demonstrated that the aural stimulation with capsaicin 

improved glottal closure and cough reflexes in elderly 
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patients with dysphagia, and future studies are necessary to 

investigate if the aural stimulation with capsaicin could have 

similar application to prevent aspiration pneumonia. Chronic 

exposure to high-dose capsaicin causes long-term functional 

impairment of sensory fibers due to desensitization of TRPV1 

and depletion of neuropeptides such as substance P (capsai-

cin defunctionalization).20 However, in our previous study, 

repeated alternative application with ointment containing 

0.025% capsaicin to each external auditory canal once a day 

for 7 days still improved swallowing function in patients with 

dysphagia.4 Therefore, once-a-day alternative application to 

each external auditory canal with low-dose capsaicin may 

be a useful method to prevent capsaicin defunctionalization, 

although it is still uncertain how long the effects of single 

application with capsaicin ointment last. Furthermore, multi-

center studies are required to explore whether repeated aural 

stimulation with 0.025% capsaicin ointment in such a way to 

prevent capsaicin defunctionalization really reduces the inci-

dence of aspiration pneumonia in patients with dysphagia.

There are some limitations to this study. There was a 

preponderance of males. The endoscopic swallowing scoring 

and SMRC scale are subjective evaluations.21 Further studies 

are needed to objectively evaluate the swallowing function 

and cough reflex using videofluoroscopy22 and cough reflex 

test.23 Aural stimulation with capsaicin ointment is effective in 

patients with nonobstructive, but not obstructive dysphagia.

In conclusion, this study demonstrated that the topical 

application of an ointment containing 0.025% capsaicin to the 

external auditory canal improves swallowing function, espe-

cially glottal closure and cough reflexes, in elderly patients 

with dysphagia. Therefore, repeated aural stimulation with 

capsaicin ointment may be a safe and promising intervention 

to prevent aspiration pneumonia in elderly dysphagic patients 

due to improvement of glottal closure and cough reflexes via 

Arnold’s ear-cough reflex.
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