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Summary: Objective. There are various exercises for voice therapy, but current evidence is insufficient to 
decide the most effective training technique for each type of dysphonia. This study focused on vocal attack as 
one of the causes of dysphonia. Hence, vocal attack during voice therapy exercises was investigated using 
photoglottogram (PGG).  
Methods. Eighteen healthy adult subjects (10 males and 8 females) were included in this study. The first to fifth 
vocal waves during natural voice, hard and soft voice onset, and semi-occluded vocal tract exercises (SOVTE: 
humming, tubing, and lip trill) were assessed. We also calculated the 25% vocal fold open quotient (OQ) using a 
PGG and compared these parameters. 
Results. The 25% OQ did not show any sex-related differences. In the first wave, the 25% OQ for hard attack 
was significantly lower than that for soft attack, tongue-out humming, and lip trill. In contrast, the 25% OQ 
value for soft attack was significantly higher than that for humming, 6 mm tube phonation, and lip trill. The 
25% OQ values differed between SOVTE procedures; it was higher for the 13 mm tube phonation than for the 
6 mm tube phonation. The 25% OQ at voice onset in the first to fifth waves differed depending on the SOVTE 
technique, indicating different voice onset patterns. 
Conclusions. These results suggest that appropriate selection of SOVTE tailored for each patient may have benefit 
in further voice improvement. Future research should focus on conducting a similar study on patients with dysphonia. 
Key Words: Vocal attack–Voice therapy exercise–PGG–SOVTE.   

INTRODUCTION 
Voice therapy consists of symptomatic voice therapy, which 
involves training according to voice symptoms, such as ab
normalities in voice quality, pitch, and strength, and the pro
cess of comprehensively producing voice through breathing 
and vocalization techniques to enhance resonance training to 
improve speech abnormalities.1 From these voice therapy 
methods, voice specialists and speech pathologists, after ob
serving laryngeal findings, select and implement procedures 
based on clinical experience. There are various vocalization 
methods for patients; however, there are no manuals or flow
charts to decide the most effective training techniques for 
specific findings or vocalization conditions. It remains un
certain whether the choice of training procedure was the right 
one. Therefore, this study was conducted on vocalization 
patterns in speech therapy procedures, focusing on semi-oc
cluded vocal tract exercise (SOVTE2). SOVTE is one of the 
most widely used voice therapies globally. It improves vocal 
dynamics and vocal tract resonance by increasing expiratory 
pressure and intraoral pressure by creating a blockage or 
constriction in the vocal tract, at a location other than the 
vocal folds.2 SOVTE promotes an increase in vocal tract im
pedance, resulting in changes in the inertive reactance,3–7 with 

favorable effects on voice production because of a reduction of 
phonation threshold pressure6,8 and an increase in skewing of 
the glottal flow waveform.5,6 The increasing vocal tract im
pedance can affect the glottal function through acoustic–aer
odynamic interactions and mechano-acoustic interactions.3,9,10 

SOVTE includes techniques such as humming, tube phonation, 
lip trill, and water resistance. In this study, the SOVTE tech
niques of humming, tube phonation, and lip trill, in addition to 
hard and soft vocalizations, which are symptomatic voice 
therapies, were used. 

This study focused on vocalization as a means of ob
serving vocal attack. Vocal attack is the beginning of vo
calization and represents the pattern of vocalization 
initiation.11 Much of the state of vocal fold vibrations 
during vocalization is determined by the state of the larynx 
and expiratory flow at the moment of vocal attack. It can 
be regarded as a preparatory movement for stabilizing the 
vocal fold vibration toward the next stable vocalization. In 
1969, Koike12 investigated differences in laryngeal control 
during different vocal attacks using electromyography. In 
1993, Ohtsu et al13 conducted aerodynamic studies on voice 
disorders during vocal attack. In recent years, studies on 
vocal attacks using electroglottography (EGG)14 and high- 
speed imaging15,16 have been reported. However, these 
studies have been inconclusive regarding the treatment to 
be provided. In this study, a photoglottogram (PGG) was 
used to determine the open quotient (OQ) and compare 
normal vocalization and vocal attack during speech 
therapy. In previous studies on vocal attack, only the first 
wave of vocalization was observed. In contrast, this study 
investigated the first to fifth waves of vocalization to de
termine the trends of vocal fold vibration and glottal 
opening after a vocal attack. 
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MATERIAL AND METHODS 
Eighteen healthy adult participants (10 males and 8 fe
males) were included in this study. The average age was 
33.2 years old for males (standard deviation, 7.6 years) and 
32.5 years old for females (standard deviation, 10 years). 
The research collaborators were staff members (speech 
therapist (ST), physical therapist, occupational therapist) 
at Matsuyama Rehabilitation Hospital who had no ex
perience in voice therapy and consented to the study. The 
selection criteria were as follows: 1) no otolaryngological 
disease related to speech organs, 2) no indication of hoar
seness, as assessed by an otolaryngologist or speech pa
thologist, 3) no experience of vocal training, and 4) no 
history of smoking. For research cooperation, oral and 
written explanations were provided to all the research 
collaborators, and written informed consent was obtained 
from the subjects. The study period was extended to avoid 
conducting the research during the period of COVID-19 
infection spread. 

An improved PGG (model OEEePGG01), jointly de
veloped and commercialized by the Prefectural University 
of Hiroshima and Oisaka Denshiki Co., Ltd (Hiroshima, 
Japan), was used (Figure 1). The wavelength of the near- 
infrared light used for measurement in ePGG was in the 
800 nm wavelength. This wavelength was selected as it 
avoids absorption by fat, water, and blood and maximizes 
light shielding by the vocal folds. The data measured using 
the PGG were recorded on a personal computer using a 
high-speed A/D BOX. The PGG, manufactured by Oisaka 
Electronics, has a floodlight mounted on its front neck 
(Figure 2a). In the study by Aoki et al,17 an accurate glottal 
waveform could not be obtained because the female neck is 
narrower than the male neck and the floodlight could not 
be attached correctly. Therefore, they inserted the flood
light transnasally (Figure 2b). Similarly, our study too did 
not use a percutaneous floodlight; instead, a 6 Fr nasal tube 
(Figure 2c), which is thinner than the 10 Fr tube used by 
Aoki et al, was used. The transnasal light source emitted 
similar infrared light to the percutaneous source. 

An otorhinolaryngologist inserted the floodlight from 
the nasal cavity into the upper part of the pharynx. Of the 
eight female subjects, the floodlight could not be inserted 
into the nasal cavity in one subject due to chronic rhinitis, 
and another subject was excluded from the study because 
PGG waveforms could not be extracted. For each wave
form, the 25% value of the difference between the max
imum and minimum values was calculated according to the 
EGG waveform analysis by Scherer et al.18 

The PGG waveforms were recorded during normal 
natural vocalization /e/ and seven types of voice therapy 
exercises, which included speech training techniques of 1) 
hard attack and 2) soft attack and SOVTE techniques of 3) 
humming, 4) tongue out humming, 5) 6 mm tube phona
tion, 6) 13 mm tube phonation, and 7) lip trill. The /e/ 
vowel was used for the hard and soft attacks as well as the 
normal vocalization. 

This study extracted the PGG waveforms during natural 
voice and each voice training technique from the PGG 
waveforms displayed on a personal computer monitor 
screen (Figure 3), calculated the 25% OQ from the first to 
fifth waves, and compared the results. The waveform of the 
first PGG wave was defined as the first wave of voicing 
when the two researchers (otorhinolaryngologist and ST) 
reached an agreement (Figure 4). As a preliminary experi
ment, five waves were extracted at the time of stable ut
terance from the natural voice and each voice training 
technique, and compared with the average value of 
25% OQ. 

Before the experiment, the subjects were instructed to 
perform normal vocalization and the vocal training tech
niques. The experiments were conducted after ensuring that 
the subjects were able to perform each vocal training pro
cedure according to the instructions. The ST gave verbal 
instructions, and the subjects practiced until they were able 
to pronounce the words and perform the techniques cor
rectly. The practice time was 5–10 minutes. For the test, the 
subjects were instructed to produce natural voice and per
form each vocal training technique five times for 3 seconds. 
It was ensured that a stable waveform was extracted. The 
volume and pitch of the voice were guided by the re
searchers to ensure that each subject could vocalize com
fortably. To maintain consistency in the subject’s voice 
pitch during practice, the subject’s voice was recorded 
using a linear PCM recorder (TASCAM DR-05 VER3) 
before the examination, thus avoiding any potential influ
ence from the projector inserted through the nasal cavity. 
Using the piano app “Piano Key Board Real,” the subjects 
were presented with a sound of the same pitch as the 
subjects’ recorded voice at the time of examination and 
were instructed to vocalize. For the tube phonation, a 
plastic straw with an inner diameter of 6 and 9 mm and a 
length of 210 mm was used. 

FIGURE 1. Improved photoglottogram used in this study.  
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The 25% OQ at stable vocalization and vocal attack were 
compared based on sex and the different voice therapy 
exercises. Moreover, the 25% OQ average value after the 
first wave of vocal attack by voice therapy methods (ana
lysis of 25% OQ from the first to fifth waves, the third and 
fifth waves after vocal attack) was also determined. 

Statistical analysis 
Statistical analysis was performed using statistical processing 
software (EZR version 1.61). Before statistical processing, a 
normal distribution test was performed using Shapiro–Wilk 
test. In addition, the sample size was found to be appropriate 
as a result of power analysis. In all conducted tests, the sig
nificance probability (hereinafter referred to as P value) ex
ceeds the significance level (P  >  0.05). Additionally, 
normality assumptions remain unchallenged, suggesting a 
normal distribution within the dataset across all groups, thus 
confirming parametric data. The equality of variance was 
assessed using the F test for comparisons between two groups 
and the Bartlett test was used for comparisons involving three 
or more groups. In both instances, the calculated P values 
were greater than the significance level (P  >  0.05), indicating 
no significant deviation from equal variances. Consequently, 
it was determined that the variances were equal. 

Intra-examiner reliability: The same researcher analyzed 
the first wave of voicing for each voice training technique 
for all subjects twice, over a week apart. The intraclass 
correlation coefficient (ICC) was calculated for the results 
of this analysis. ICC (1, 1) was calculated using case 1 of 
the ICC. Intra-examiner reliability was 1.00 (P  <  0.01) for 
natural voice, 1.00 (P  <  0.01) for hard attack, 1.00 
(P  <  0.01) for soft attack, 1.00 (P  <  0.01) for humming, 
and 1.00 (P  <  0.01) for tongue out humming (P  <  0.01), 
6 mm tube 1.00 (P  <  0.01), 13 mm tube 1.00 (P  <  0.01), 
and lip trill 1.00 (P  <  0.01), indicating high reliability. 

Inter-examiner reliability: Another researcher examined 
the extraction of the first wave of vocalization for each 
vocal training technique. From the PGG waveform data of 
each vocal training procedure, data for all three subjects 
were randomly selected, and a total of 24 vocalization wave 
1 data were analyzed. The ICC was calculated for the re
sults of this analysis. ICC (2, 1) was calculated using case 2 
of the ICC. Inter-examiner reliability was 1.00 (P  <  0.01) 
for ground voice, 1.00 (P  <  0.01) for hard voice, 0.923 
(P  <  0.01) for soft voice, 0.971 (P  <  0.01) for humming, 
and 1.00 (P  <  0.01), 6 mm tube 0.986 (P  <  0.01), 13 mm 
tube 0.822 (P  <  0.01), and lip trill 1.00 (P  <  0.01), in
dicating high reliability. 

FIGURE 2. a. Transcutaneous floodlight. b. Transnasal floodlight. c. Small-diameter (6 Fr) floodlight.  

FIGURE 3. Photoglottogram waveform (vertical axis, 500 mV; horizontal axis, 10 ms). a. Vocal attack and b. stable vocalization.  
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Comparison of mean values between two groups: Data 
that showed normal distribution were subjected to an un
paired t test. A significance level of less than 0.05% was 
considered statistically significant. 

Comparison of average values of three or more groups: 
Data that showed normality were subjected to one-way 
analysis of variance. Furthermore, the Tukey’s method was 
used for multiple comparisons. In both cases, P  <  0.05 was 
considered significant. 

This study was conducted with prior approval (approval 
number: 21040501) from the Ethics Review Committee of 
Matsuyama Rehabilitation Hospital and in compliance 
with personal information protection guidelines. 

RESULTS 
The results were represented as a box and whisker plot 
(Figures 5–9). The five-number summary is the minimum, 
first quartile, median, third quartile, and maximum. In a 
box plot, a box was drawn from the first quartile to the 
third quartile. A horizontal line extended through the box 
at the median. The whiskers extended from each quartile to 

the minimum or maximum. Box is interquartile range. The 
numbers in the graph represent average values.  

1) 25% OQ at stable vocalization 
According to sex 
In males, the 25% OQ for stable vocalization was the 
highest during tongue-out humming at 0.715 and the 
lowest during hard attack at 0.589 (Figure 5). 
Among females, the highest 25% OQ was 0.68 for 
tongue-out humming and 6 mm tube phonation and the 
lowest was 0.495 for lip trill. There were no significant 
differences between males and females for each voice 
therapy exercise. 
According to voice therapy exercises 
The mean value of the 25% OQ during stable vocaliza
tion was the highest at 0.702 for tongue-out humming 
and the lowest at 0.562 for hard vocalization, showing a 
significant difference (Figure 6). In addition, the 25% 
OQ value for lip trill greatly varied among subjects.  

2) 25% OQ at vocal attack 
According to sex 
The average 25% OQ at vocal attack was the highest 
for both males and females during soft attack, at 0.705 

FIGURE 4. a. Glottal area waveform (cited from Reference8). b. Extraction of the first wave of vocal attack (white dots indicate the 25% 
open quotient) For the waveform of the first wave of the PGG, two researchers extracted points representing 25% of the difference between 
the maximum and minimum values of the waveform and defined the matching wave as the first wave of phonation. 

FIGURE 5. The average 25% OQ values by sex. a. Stable vocalization and b. vocal attack.  
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for males and 0.750 for females (Figure 5). The lowest 
25% OQ for both males and females was during hard 
attack, at 0.494 for males and 0.470 for females. There 
was no significant difference in the 25% OQ at vocal 
attack for any procedure between men and women. 
According to voice therapy exercises 
Among the voice therapy exercises, the average value 
of the 25% OQ of phonation was the highest for soft 
attack (0.725) and lowest for hard attack (0.483). 
The 25% OQ for hard attack was significantly lower 
than that for soft attack, tongue-out humming, and lip 
trill at the 0.01 level (Figure 7). In contrast, the 25% 
OQ value for soft attack was significantly higher than 
that for humming (P  <  0.05), 6 mm tube phonation 
(P  <  0.01), and lip trill (P  <  0.05). The values in the 
first wave of the 25% OQ were lower for hard attack, 

humming, 6 mm tube phonation, and lip trill than 
those for natural voice. The variation in the 25% OQ 
values was conspicuous for lip trill.  

3) 25% OQ average values after the first wave of vocal 
attack by voice therapy methods 
25% OQ from the first to fifth waves 
Figure 8 shows the average values of 25% OQ for the 
first to fifth waves of vocalization for the natural voice 
and each voice therapy methods. In the first wave of 
natural vocalization, the 25%OQ was 0.596, which 
was significantly lower than 0.622 during stable vo
calization (Figure 8a). Second to fifth waves of the 
natural voice ranged from 0.652 to 0.690, with little 
variation in 25% OQ, which was significantly higher 
than the 25% OQ during stable vocalization. For hard 
attack, the 25% OQ gradually increased from 0.483 in 

FIGURE 6. The average 25% OQ values during stable vocalization for voice therapy exercises. OQ, open quotient.  

FIGURE 7. The average 25% OQ values during vocal attack for voice therapy exercises. OQ, open quotient.  
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the first wave of vocalization to 0.590 in the fifth wave, 
but was slightly lower at 0.562 during stable vocali
zations (Figure 8b). In addition, the 25% OQ for the 
first to fifth wave of hard attack and stable vocaliza
tion showed consistently lower values compared with 
the natural voice and other methods. The 25% OQ 
value for soft attack decreased gradually from 0.725 in 
the first wave to 0.697 in the fifth wave (Figure 8c). 
For humming, the 25% OQ was low at 0.578 only in 
the first wave, and the 25% OQ increased to 0.652 in 
the second wave, and remained unchanged until the 
fifth wave (Figure 8d). There was little difference in 
the 25% OQ for waves 2 to 5 of humming compared 
with stable vocalization. The 25% OQ from wave 1 to 
wave 5 during tongue-out humming was high at 0.654 
to 0.709, and during stable vocalization it was 0.702, 
almost the same value as wave 5 (Figure 8e). The 25% 
OQ for 6 mm tube phonation was low at 0.542 only in 
the first wave of vocalization, and after the second 
wave, there was little change from 0.612 to 0.657 
(Figure 8f). After the second wave of 6 mm tube 
phonation, at 25% OQ, there was little difference from 
stable vocalization. The 25th percentile OQ for pho
nation with a 13 mm tube ranged somewhat higher, 
between 0.648 and 0.685, across the first to fifth waves, 
showing minimal variation (Figure 8g). Specifically, 
the 25th percentile OQ of the initial wave of phona
tion using a 13 mm tube closely mirrored stable pho
nation, nearly identical at 0.641. Lip trill exhibited a 
slight variation in the 25th percentile OQ, ranging 
from 0.573 to 0.608 across the first to fifth waves of 
vocalization, with minimal deviation from stable vo
calization (Figure 8h). 
The third and fifth waves after vocal attack 
The average 25% OQ values in the third and fifth 
waves were extracted. In the third wave, the highest 
25% OQ was 0.746 for soft attack, followed by 0.708 

for tongue-out humming (Figure 9a). In contrast, the 
25% OQ value was lower for hard attack, at 0.519. A 
significant difference was observed between soft at
tack, which had the highest 25% OQ values, and 
13 mm tube phonation, lip trill, and hard attack. In 
the third wave, the 25% OQ values were lower for 
natural voice and were the same as in the first wave for 
hard attack, humming, 6 mm tube phonation, and lip 
trill. The highest 25% OQ in the fifth wave was 0.710 
for tongue-out humming; in contrast, the lowest 25% 
OQ was for hard attack, at 0.590, followed by lip trill, 
at 0.608 (Figure 9b). A significant difference was ob
served between the 25% OQ values for hard attack 
and tongue-out humming. In the fifth wave, hard at
tack and lip trill had lower 25% OQ values than that 
for natural voice. 

Additionally, the transition from the first to fifth waves 
was analyzed. In the first wave, the 25% OQ was sig
nificantly lower for natural vocalization (0.596) than that 
for stable vocalization (0.622). The 25% OQ for natural 
voice tended to decrease gradually from the third to fifth 
waves but was significantly higher than that for stable 
voice. The 25% OQ value for soft attack gradually de
creased from 0.725 in the first wave to 0.697 in the fifth 
wave. For hard attack, the 25% OQ gradually increased 
from 0.483 in the first wave to 0.590 in the fifth wave, but it 
decreased slightly to 0.562 during stable vocalization. For 
humming, the 25% OQ was as low as 0.578 in the first 
wave, was high in the second wave, and was almost the 
same as that during stable utterance from the second to 
fifth waves. The 25% OQ from the first to fifth waves for 
tongue-out humming was as high as 0.654–0.709, whereas 
for stable utterance, it was 0.702, almost the same as that 
for the fifth wave. The 25% OQ for the 6 mm tube pho
nation was as low as 0.542 in the first wave of vocalization 
and slightly increased to 0.612–0.657 in the second and 

FIGURE 8. The average 25% OQ values from first to fifth waves of vocalization for voice therapy exercises. a. Natural voice, b. hard 
attack, c. soft attack, d. humming, e. tongue out humming, f. tube 6 mm, g. tube 13 mm, and h. lip trill.OQ, open quotient. 
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subsequent waves; moreover, no difference was observed 
between the stable vocalizations. The 25% OQ for the 
13 mm tube phonation was slightly higher, ranging from 
0.648 to 0.685 from the first to fifth waves. The 25% OQ of 
lip trill showed a small variation of 0.573–0.608 from the 
first to fifth waves, and the difference from that during 
stable utterance was also small. The transition from the 

first to fifth waves of vocalization was different for each 
procedure. 

DISCUSSION 
Vocal attack during voice therapy exercises was in
vestigated using the PGG. The PGG uses a photoelectric 

FIGURE 9. The average 25% OQ values after the first wave of vocalization for voice therapy exercises. a. Third wave and b. fifth wave. 
OQ, open quotient. 
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transducer to record temporal changes in the glottic area 
associated with the opening and closing movements of the 
glottis during vocal fold vibration as temporal changes in 
the amount of light passing through the glottis. Sonesson 
entered the illumination light from the subglottis and re
corded the electrical signals using a photoelectric trans
ducer inserted orally into the supraglottis.19 Sawashima20 

devised a method of inserting a laryngeal fiberscope 
transnasally, illuminating it from above the glottis, and 
recording the electrical signals with a photoelectric trans
ducer placed below the glottis. With this method, natural 
articulation was possible and laryngeal images could be 
recorded simultaneously. However, little research has been 
conducted on PGG. Traditional visible light spectrum 
PGG has several inherent limitations. These include lack of 
uniformity in light density distribution across the vocal 
folds, light reflections from mucosal surfaces, changes in 
vertical laryngeal positions, changes in the position and 
angle of the light sensor, changes in the position and angle 
of the light beam, movements of articulator positions, and 
noise from the light source. Any of these factors could 
impair the validity and reliability of the signal and the 
accuracy of derived measurements.21,22 This study used an 
improved PGG (OEEePGG01), jointly developed and 
commercialized by the Prefectural University of Hiroshima 
and Oisaka Electronics Co., Ltd. This device uses near- 
infrared light of a specific frequency as the light source and 
a photosensor that detects near-infrared light of that par
ticular frequency to analyze vocal fold vibrations; hence, it 
is not affected by ambient light. The present PGG is one of 
the near-infrared photoglottographic (NIR PGG) systems, 
and its signals differ from those of conventional visible- 
light PGG showing stable glottal closure periods.23 NIR 
PGG signals are thought to reflect changes in both glottal 
aperture and vocal-fold contact, partly because the vocal- 
fold tissues are semi-transparent to NIR light.23 Vocaliza
tion is possible because a nasogastric tube is used as a 
floodlight. The floodlight can be placed much closer to the 
laryngopharynx than a percutaneous light, and more ac
curate data can be collected. It is easy to operate and does 
not require expensive equipment, such as high-speed cam
eras. These advantages indicate that PGG is suitable for 
analyzing the glottal release rate from vocal fold vibrations. 
Therefore, it was thought that this PGG has higher analysis 
accuracy than the conventional PGG, thus it was used. 
However, since this study did not compare visible light and 
NIR PGG, future studies are required to validate this 
methodology. 

Analysis according to sex was performed because pre
vious studies on EGG and PGG24 included only a few male 
subjects, while female subjects were almost never included. 
This is probably because the female larynx is anatomically 
smaller, and the vocal fold is shorter than in males, making 
it difficult to measure vocal fold vibrations. Aoki et al17 

changed the floodlight from transcutaneous to transnasal 
and conducted their research with the improved PGG, 
which was used in this study. However, extraction of 

waveforms was not possible in five of the seven females. 
Therefore, the size of the nasal tube used for transnasal 
floodlight was modified from 10 to 6 Fr and succeeded in 
extracting vocal fold vibration waveforms in six of the eight 
female subjects. There were almost no sex differences in 
vocal attacks and voice therapy exercises. Our results 
showed that there were no sex differences in the vocal fold 
vibration patterns during vocal attacks. In addition, there 
were no gender differences in the results pertaining to voice 
therapy exercises in our study. Therefore, sex may not be a 
primary consideration when selecting voice therapy ex
ercises. Winker and Sendlmeier25 studied OQ measure
ments in EGG of young and elderly male and female 
speakers. Although they did not directly compare males 
and females, it is noteworthy that OQ values were slightly 
higher for females. Moreover, their results showed a strong 
positive relation between perceived age and OQ in male 
voices. In the future, examining OQ regarding age for 
males and females in PGG and comparing with EGG is 
desired. 

Various methods for voice therapy exist, among which 
SOVTE has become one of the most commonly used 
techniques worldwide in recent years. Focusing on SOVTE, 
a comparative study of SOVTE, hard voicing, and soft 
voicing, which have been used for a long time to treat 
symptoms, was conducted. Lip trill, tube phonation, and 
humming were selected for their common usage in Japan 
among SOVTE, and their ease of acquisition. Water re
sistance was not used due to concerns about potential 
sound source detection issues with the microphone during 
vocalization. For future studies, a wider range of SOVTEs 
will be considered. 

First, the 25% OQ values during stable vocalization were 
in the following order: hard attack < natural vocalization < 
SOVTE < soft attack < tongue-out humming. There were 
almost no differences in the 25% OQ values between the 
different SOVTE procedures. These results suggest that 
SOVTE does not cause glottal insufficiency as much as soft 
attack, and that SOVTE is a technique that can moderately 
promote glottal closure and change the shape of the vocal 
tract. In addition, because tongue-out humming showed a 
higher 25% OQ than soft attack, it was considered suitable 
for correcting overstrain. 

The 25% OQ values in the first wave during vocal attack 
were in the order of hard attack < humming < 6 mm tube 
phonation < lip trill < natural voice < 13 mm tube pho
nation < tongue-out humming < soft attack. This result 
indicated that there was a difference in the 25% OQ values 
between SOVTE techniques during vocal attack. 
Compared with the 25% OQ values for natural voice, those 
of humming, 6 mm tube phonation, and lip trill were lower, 
whereas those of 13 mm tube phonation and tongue-out 
humming were higher. Therefore, SOVTE techniques with 
high 25% OQ, such as the 13 mm tube phonation and 
tongue-out humming, are recommended in patients with a 
hard attack on their vocal folds during vocalization. In 
addition, the use of humming, 6 mm tube phonation, and 
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lip trill could be expected to further improve the voice in 
patients with glottic insufficiency or breathiness during 
vocalization. At vocal attack, the 13 mm tube phonation 
showed a higher 25% OQ value than the 6 mm tube pho
nation, suggesting that a larger tube diameter may cause 
greater vocal dynamics and vocal tract resonance by in
creasing expiratory pressure and intraoral pressure by 
creating a blockage or constriction in the vocal tract. 

Based on previous reports26,27 that the glottal closure 
rate and expiratory pressure differ depending on the tube 
diameter, it may be assumed that glottal closure also varies 
during vocalization depending on the tube diameter. There 
has been research on the flow and pressure relationships in 
different tubes used for SOVTE.27,28 Additionally, several 
studies have been reported regarding OQ or contact quo
tient (CQ) during SOVTE using EGG.29–32 However, no 
studies examining the relationship between tube diameter 
and PGG OQ or CQ have been conducted. Further re
search using other equipment, such as EGG and high-speed 
cameras, is necessary. 

The 25% OQ values during the first to fifth waves of 
vocal attack and stable vocalization for each procedure 
were examined. The change in the 25% OQ value from the 
first to fifth waves differed depending on the procedure. In 
the natural voice, the 25% OQ value increased once after 
vocal attack and then decreased, until it settled into a stable 
voice. In contrast, the 25% OQ of hard attack gradually 
increased from a low value, whereas that of soft attack 
gradually decreased from a high value. Therefore, these 
two procedures are suitable for the correction of vocal at
tack. On comparing the 25% OQ of humming and tongue- 
out humming, it was found that the values were low only in 
the first wave of humming, and there was no change in the 
other values, whereas the values remained relatively high 
from the first wave onward for tongue-out humming. 
Presumably, tongue-out humming hinders oral closure 
because the tongue is sandwiched between the lips; more
over, the so-called semi-occlusion due to SOVTE is weak, 
resulting in glottal regurgitation insufficiency. The glottal 
regurgitation refers to the phenomenon in which exhaled 
air passes through the glottis and narrows the outlet called 
the lips, causing some of the exhaled air to flow backward 
from the lips toward the glottis. This observation suggests 
that tongue-out humming can remove hard vocalizations in 
cases where humming fails to remove hard attacks. In the 
6 mm tube phonation, the 25% OQ value gradually in
creased from the first wave, while in the 13 mm tube pho
nation, the 25% OQ value remained high from the first 
wave. As reported by Winkler and Sendlmeier,25 this ob
servation seems to be related to changes in oral pressure 
and expiratory flow due to variations in the tube diameter. 
In contrast, variations in the 25% OQ for lip trill were 
observed during both stable vocalization and vocal attack. 
It is speculated that individual differences in the force ap
plied during lip closure may affect glottal closure. In this 
study, the morphology of the vocal tract changed during 

the transition from phonation to stable phonation, de
pending on the SOVTE technique used. 

Finally, the 25% OQ values in the first, third, and fifth 
waves during vocalization were compared among the dif
ferent voice therapy techniques. In the first wave, except for 
the 13 mm tube phonation, the 25% OQ was lower than 
that for natural voice. In the third wave, the 25% OQ value 
was lower than that for natural voice for all SOVTE pro
cedures. In the fifth wave, the 25% OQ value was higher 
than that for natural voice, except for lip trill. This suggests 
that vocalization during SOVTE involves glottis closure at 
a high level initially but gradually shifts to a moderate level 
of glottis closure. 

This study focused on SOVTE and used PGG to study 
the vocal attack. Various vocalization patterns were ob
served among the SOVTE procedures. Individual differ
ences were observed even within the same SOVTE 
procedure and there were variations depending on the 
procedure. These results are useful for selecting appropriate 
techniques for voice therapy. In the future, similar research 
on other voice therapy techniques, such as vocal function 
exercises, is planned. By comparing with this study, it is 
expected to become one of the indices for selecting voice 
therapy. 

The limitation of this study is that PGG was used to 
study vocal attack, focusing on SOVTE. However, there 
are many other voice therapy procedures besides SOVTE. 
In the future, a research on vocalization is planned using 
PGG for other voice therapy procedures. Additionally, this 
study was conducted on healthy subjects. In the future, 
conducting this research on patients with dysphonia is 
desired. 

CONCLUSION 
Vocal attack during voice therapy exercises was in
vestigated using the PGG. No sex differences were ob
served between the 25% OQ values of normal vocalization 
and voice therapy methods. Moreover, the 25% OQ value 
in the first wave of vocalization was low for hard vocali
zations and high for soft vocalizations. Our study also 
showed that the 25% OQ values differed between SOVTE 
procedures; it was higher for the 13 mm tube phonation 
than for the 6 mm tube phonation. The changes in the 25% 
OQ values from the first to fifth waves of vocalization 
differed depending on the voice therapy method. These 
findings suggest that customizing SOVTE for individual 
patients could lead to additional improvements in voice 
quality. 
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