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Abstract
Objectives: To evaluate the effect of a self-controlled vocal exercise in elderly people with glottal 
closure insufficiency.
Design: Parallel-arm, individual randomized controlled trial.
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Methods: Patients who visited one of 10 medical centers under the National Hospital Organization 
group in Japan for the first time, aged 60 years or older, complaining of aspiration or hoarseness, and 
endoscopically confirmed to have glottal closure insufficiency owing to vocal cord atrophy, were enrolled 
in this study. They were randomly assigned to an intervention or a control group. The patients of the 
intervention group were given guidance and a DVD about a self-controlled vocal exercise. The maximum 
phonation time which is a measure of glottal closure was evaluated, and the number of patients who 
developed pneumonia during the six months was compared between the two groups.
Results: Of the 543 patients enrolled in this trial, 259 were allocated into the intervention group and 284 
into the control; 60 of the intervention group and 75 of the control were not able to continue the trial. 
A total of 199 patients (age 73.9 ±7.25 years) in the intervention group and 209 (73.3 ±6.68 years) in the 
control completed the six-month trial. Intervention of the self-controlled vocal exercise extended the 
maximum phonation time significantly (p < 0.001). There were two hospitalizations for pneumonia in the 
intervention group and 18 in the control group, representing a significant difference (p < 0.001).
Conclusion: The self-controlled vocal exercise allowed patients to achieve vocal cord adduction and 
improve glottal closure insufficiency, which reduced the rate of hospitalization for pneumonia significantly.
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Introduction
People with glottal closure insufficiency are at 
increased risk of aspiration1–4 and developing 
pneumonia, and this is particularly common in 
the elderly.5–7 Despite the frequency of occur-
rence of glottal closure insufficiency, no simple 
treatment has yet been established.

During the act of swallowing, the larynx nor-
mally elevates and the epiglottis is sandwiched 
between the base of the tongue and the framework 
of the larynx.8–11 This instantaneous motion pre-
vents aspiration,12,13 however, atrophy of the extrin-
sic laryngeal muscles with age lowers the position 
of the larynx,14 and weakening of the muscles 
makes it difficult to elevate the larynx sufficiently 
to prevent aspiration while swallowing.15,16

Furthermore, the cough reflex can prevent aspi-
ration even among the elderly.17,18 Increased sub-
glottic pressure with glottal closure is necessary for 
aspirated inflow to be removed through the cough 
reflex. Although glottal closure is also important in 
generating speech with vibration of the vocal cords, 

its original purpose was to prevent aspiration when 
swallowing.19 Age-related atrophic changes in the 
intrinsic laryngeal muscles commonly cause glottal 
closure insufficiency,20–22 or so-called glottal 
incompetence. Anatomical and functional prob-
lems resulting from glottal closure failure include 
not only breathy hoarseness or shortening of the 
maximum phonation time,23,24 but also frequent 
laryngeal inflow and difficulty in expectoration 
owing to insufficient subglottic pressure to remove 
aspirated substances through coughing.25,26 As a 
result, continued aspiration can lead to the devel-
opment of pneumonia.6,27

As described, two major defense mechanisms 
can prevent aspiration: Laryngeal elevation and 
glottal closure. As a substitute for laryngeal eleva-
tion, we recommend that patients draw in the jaw 
during the act of swallowing. Another solution is 
preventing glottal incompetence. Currently, the 
surgical techniques for the treatment of glottal clo-
sure insufficiency involve injection or implantation 
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of autologous fat or fascia into atrophied vocal 
cords.23,28–31 However, the transplanted cells are 
also aged and the effects sometimes do not last, so 
the invasive allocations have to be repeated and 
those take high medical expenses. It was therefore 
necessary to develop a minimally invasive, low-
cost, widely applicable treatment.

The pushing method,32 which is conventionally 
recommended and effective for unilateral vocal 
cord paralysis, is sometimes not suitable for the 
aged larynx because it often causes excessive 
adduction of the false vocal cords and constriction 
of the supraglottal structures. To prevent constric-
tion of pharyngeal cavity and supraglottal struc-
tures and get proper glottal adduction, we modified 
the pushing method and developed a self-controlled 
vocal exercise method as a more cost-effective 
treatment than the surgery.

To evaluate the effectiveness of the new self-
controlled vocal exercise in patients with physio-
logical glottal closure failure owing to aging, the 
rate of incidence of pneumonia within six months 
after the start of performing the exercise was com-
pared between the intervention and control groups 
in a randomized controlled trial.

Methods

Setting

The research was performed in 10 hospitals under 
the National Hospital Organization (NHO) group 
in Japan. This research protocol was approved by 
the NHO Tokyo Medical Center Ethics Committee 
(the institutional review board of Tokyo Medical 
Center), and each Ethics Committee of the remain-
ing nine NHO hospitals. Before enrollment, all vol-
unteers signed written informed consent forms. 
This study was registered as UMIN 000015567.

Recruiting patients

From 2011 to 2014, patients who were 60 years of 
age or older, visited one of 10 hospitals under the 
Japanese NHO for the first time for the treatment 
of dysphonia, and were endoscopically confirmed 
to have glottal closure insufficiency owing to 
vocal cord atrophy were assessed for eligibility for 

this study. Patients who met the selection criteria 
were enrolled in this study. Selection criteria were: 
(1) ⩾60 years of age; (2) experiencing hoarseness/
dysphonia caused by glottal incompetence; and (3) 
diagnosis of atrophy of the vocal cords or sulcus 
vocalis as confirmed in laryngeal endoscopic 
examination. Exclusion criteria were: (1) patient 
preference for surgical treatment; (2) inability to 
perform the self-controlled vocal exercise for any 
reason; and (3) acute inflammation, polyps, 
tumors, granulomas, nodules, or paralysis of the 
vocal cords.

Randomization

Patients who presented with hoarseness/dysphonia 
underwent laryngeal endoscopy at the initial visit to 
confirm the diagnosis of glottal closure insuffi-
ciency owing to vocal fold atrophy with age. After 
an explanation of the trial and receiving a signature 
on the written informed consent form, physicians 
contacted the independent randomization center 
and reported they had recruited patients. The people 
in the center allocated the patients to the interven-
tion or the control group using a random number 
meter. For example, if an even number came out, 
the patient was allocated to the intervention group, 
and an odd number, the control group .Then they 
replied to the physicians indicating which group 
their patients were assigned to.

Differentiating the intervention group 
and the control group

Patients in the intervention group were given a bro-
chure explaining the cause of glottal closure failure 
owing to aging, how age-related vocal cord atro-
phy leads to hoarseness and aspiration, recom-
mendations on how to modulate the voice while 
speaking and singing, and how to prevent aspira-
tion. They were then shown a DVD of how to  
perform the self-controlled vocal exercise with 
simultaneous explanation by a physician or a 
speech therapist. The DVD of the self-controlled 
vocal exercise with English subtitles can be 
accessed at http://www.kankakuki.go.jp/video_
nhk_eng.html. Although patients in the control 

http://www.kankakuki.go.jp/video_nhk_eng.html.
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group were also given the same brochure, they did 
not view the DVD and never received any addi-
tional instructions of the vocal exercise.

Self-controlled vocal exercise method in 
the intervention group

Patients in the intervention group were given an 
explanation of the anatomy and physiology of the 
glottis and the role of glottal closure. In particular, 
it was explained that glottal closure is important 
not only for storing air to increase vocal force, but 
also to prevent aspiration. Then, they were 
instructed to perform the self-controlled vocal 
exercise in the following manner.

1. Sit on a chair and grip the sides of the seat with 
both hands.

2. While saying each number from one to 10 out 
loud, pull up firmly on both sides of the seat, 
then relax and inhale naturally before saying 
the next number.

3. Repeat this exercise for a total of two sets in 
both the morning and evening, for a total of 
four sets per day.

Each set takes about 30 seconds to perform, 
requiring only two minutes of daily exercise. The 
point of this exercise is to synchronize vocalization 
with the motion of pulling upward on the edges of 
the seat. Moreover, the duration of vocalization 
while counting should be the same as that of the 
upward pulling motion. In this method, it takes 
about 300–500 milliseconds to say each number, 
and then patients relax until saying the next number. 
It takes three to five seconds for each movement in 
the series. It is possible to prevent contraction of the 
pharyngeal cavity and of supraglottal structures 
with such a short utterance.

Measurement of the maximum  
phonation time

At the initial visit, the maximum phonation time, 
which is one of indicators of glottal closure, was 
measured. We counted how long the patients kept 
phonation (the sound; ‘a’) without a breath. By the 

maximum phonation time levels of the first visit, 
we divided patients into five groups of A–E. 
(Group A: less than five seconds; Group B: five  
to less than 10 seconds; Group C: 10 to less than  
15 seconds; Group D: 15 to less than 20 seconds; 
Group E: 20 seconds and more).

Follow-up

One, three, and six months after enrollment in the 
randomized controlled trial, the patients in both 
groups underwent laryngeal fiberscopic examina-
tions and maximum phonation time measurement. 
As the most frequent side-effect of the pushing 
method is hyperadduction, meticulous care must be 
taken in diagnosing this complication. We there-
fore performed laryngeal fiberscopic examinations 
one month after the start of training, and if signs of 
hyperadduction were observed in the intervention 
group, the correct exercise method was re-guided.

Investigation of hospitalization with 
pneumonia within six months

One objective of this study was to compare  
the number of hospitalizations with pneumonia 
between the intervention group and the control 
group. Physicians checked whether patients had 
been suffering from pneumonia and required  
hospitalization for treatment within six months. 
Patients or their family reported their hospitaliza-
tion on the phone, or physicians gave phone calls to 
ask patients or other physicians who had given 
diagnosis. The patients were diagnosed with pneu-
monia by chest X-ray, magnetic resonance imag-
ing, or computed tomography scanning. Each 
diagnosis of pneumonia was given by the physi-
cians, who were blinded to allocation.

Statistical analysis

Statistical analysis of differences between the 
intervention and the control groups was carried out 
with the Statistical Package for Social Science 
(IBM Corp., released in 2014, IBM SPSS Statistics 
for Windows version 22.0, Armonk, NY, USA) 
using two-way factorial analysis of variance for 
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analysis of the maximum phonation time, and the 
(Mantel–Haenszel method) χ-square test for the 
analysis of the number of hospitalizations with 
pneumonia.

Results

A total of 550 patients were assessed for eligibility 
for this study. As seven patients declined to partici-
pate, 543 patients (men: 280; women: 263), ranging 
in age from 60 to 91 years (mean 73.8 ±7.26) who 
met the inclusion criteria were enrolled in this study. 
Of the 543 patients who participated in this trial, 
259 were allocated into the intervention group and 
284 into the control group. A total of 60 patients of 
the intervention group and 75 of the control were 
not able to continue the trial for six months. A total 
of 199 patients (men: 115; women: 84; age: 73.9 
±7.25 years) in the intervention and 209 (men: 102; 
women: 107; age: 73.3 ±6.68 years) in the control 
group completed the six-month trial (Figure 1).

Hyperadduction of the false vocal cords

Only three patients in the intervention group 
showed hyperadduction of the false vocal cords 
one month after the start of the exercise. These 
patients spent one second or longer pulling up on 
the sides of the seat while vocalizing, which 
caused the hyperadduction. We explained the rea-
son for this problem in detail and demonstrated the 
correct performance of the self-controlled vocal 
exercise method again on the one-month hospital 
visit. Subsequently, the hyperadduction was 
resolved in all and was not noted at the three-
month examination.

Comparison of maximum phonation time

In all the five groups classified by the maximum 
phonation time levels of the first visit, there was a 
tendency that the maximum phonation time had 
been extended longer in intervention groups than 

Figure 1. Patient enrollment and randomization procedure.
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control groups (Table 1). To evaluate the change in 
the maximum phonation time from the first visit to 
6 months in the 2 groups (Table 1; Δ), statistical 
analysis was conducted using a two-way factorial 
analysis of variance. The results showed that per-
formance of the self-controlled vocal exercise had 
a significant effect on the length of the maximum 
phonation time (p < 0.001) (Figure 2). As there was 
no interaction between the two factors, i.e. the 
maximum phonation time at the initial visit and 
randomization to the intervention or control group, 
the intervention effect was not affected by the 

maximum phonation time at the initial visit. In 
other words, regardless of the length of the maxi-
mum phonation time at the initial medical exami-
nation, the exercise was effective in prolonging it.

Assessment of the number of 
hospitalization with pneumonia

Only two (men) of 199 patients in the intervention 
group were hospitalized with pneumonia during the 
six-month trial. Of 216 patients in the control group, 
including seven who dropped out of the trial because 
of pneumonia, 18 (nine men and nine women) were 
hospitalized with pneumonia during the six-month 
period. The χ-square (Mantel–Haenszel method) 
test showed that the number of hospitalizations with 
pneumonia was significantly higher in the control 
group compared with the intervention group (p < 
0.001) (Table 2).

Discussion

Vocal function in the intervention group improved 
significantly after six months, and this group had a 
low rate of hospitalization with pneumonia. It 
therefore appears that the exercise is an effective, 
low-cost method for preventing pneumonia.

Table 1. Comparison of maximum phonation time.

Intervention group Control group

 n MPT at 
first visit

MPT at  
6 month

∆ n MPT at 
first visit

MPT at  
6 month

∆

Group A
less than 5 seconds

11 3.3 ± 0.28 16 ± 2.57 12.6 ± 8.60  7 3.7 ± 0.18 8.4 ± 1.83 4.7 ± 5.26

Group B
5 to less than 10 seconds

60 6.8 ± 0.16 15.0 ± 0.76 8.2 ± 5.65 38 7.7 ± 0.18 10.1 ± 0.57 2.2 ± 3.50

Group C
10 to less than 15 seconds

70 11.9 ± 0.16 21.1 ± 0.87 9.1 ± 7.23 64 11.7 ± 0.17 13.0 ± 0.52 1.2 ± 3.86

Group D
15 to less than 20 seconds

38 16.4 ± 0.23 23.6 ± 1.07 7.1 ± 6.68 43 17.0 ± 0.41 16.4 ± 0.66 −0.6 ± 4.02

Group E
20 seconds and more

20 24.1 ± 0.83 29.9 ± 1.33 5.8 ± 5.73 57 24.7 ± 0.60 21.5 ± 0.87 −3.2 ± 6.30

MPT: maximum phonation time (seconds).
By the maximum phonation time levels of the first visit, we divided patients into five groups of A–E.
In all the five groups, there was a tendency that the maximum phonation time had been extended longer in the intervention 
groups than the control groups.

Figure 2. Changes in the maximum phonation time 
from the first visit to six months.
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There were no adverse events in the interven-
tion group during this six-month trial except three 
cases of hyper adduction. Although three patients 
exhibited slight hyperadduction one month after 
the start of the trial, this side-effect was completely 
resolved in all, after correcting self-controlled 
vocal exercise performance. Compared with the 
conventional pushing method, the duration of 
vocalization in the self-controlled vocal exercise is 
much shorter, taking as little as 300–500 milli-
seconds to speak each number. The pushing method 
was originally recommended for severe glottal clo-
sure insufficiency resulting from conditions such 
as unilateral vocal cord paralysis. It allows the 
entire structure to center around the glottis and 
forces glottal closure. However, in cases of closure 
insufficiency without paralysis, hyperadduction of 
vocal cords and contraction of the supraglottic 
structures around the glottis can sometimes occur 
with the pushing method. For glottal insufficiency 
owing to aging, the self-controlled vocal exercise 
allows only the vocal cords to move to the center, 
and it results in moderate glottal closure.

This study had some limitations. First, patients 
were simply randomized to the control or interven-
tion group and were not stratified in terms of co-
morbidities, medications, etc. Cognition and frailty 
indices were not measured. Second, the physicians 
who examined the patients initially at one, three, 
and six months were not blinded to the randomiza-
tion, which could have resulted in a degree of 
reporting bias.

The population experiencing the physiological 
changes associated with aging, including glottal 

closure failure, will increase in the future. Although 
surgical treatments are effective, they are not 
appropriate as standard therapies owing to their 
invasiveness and cost. The self-controlled vocal 
exercise is economical and should be promoted as 
first-line therapy. In terms of contributing to health 
and longevity, maintaining the ability to speak will 
result in the prevention of aspiration and associ-
ated pneumonia. This would lead to both improved 
quality of life for patients and their families, and 
reduction in healthcare costs.

Clinical message

•• The self-controlled vocal exercise 
allowed patients to achieve vocal cord 
adduction and improved glottal closure 
insufficiency.

•• The self-controlled vocal exercise sig-
nificantly reduced the rate of hospitaliza-
tion for pneumonia.
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Table 2. Comparison of hospitalizations with pneumonia in the intervention and control groups.

Intervention group Control group
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The number of hospitalizations with pneumonia was significantly higher in the control group compared with the intervention 
group (p < 0.001).
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