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ABSTRACT

Purpose: to assess the acoustic and self-perceived voice changes in women with and
without voice symptoms after 1, 3, 5, and 7 minutes of straw phonation exercises.

Methods: a total of 30 women aged 18 to 39 years participated in the study — 17 with
and 13 without voice symptoms. The participants filled in the visual analog scale on
self-perceived voice discomfort. The sustained vowel /e/ was recorded in maximum
phonation time before (m0) and after the first, third, fifth, and seventh minute perform-
ing straw phonation exercises. The maximum phonation time was measured, and an
acoustic analysis was made, encompassing the following parameters: the number of
harmonics, fundamental frequency, noise, glottal-to-noise excitation ratio (GNE), jitter,
and shimmer. The Friedman and Wilcoxon tests were used to compare each parameter
at the different moments, and the Mann-Whitney test, to compare the groups. The 5%
significance level was set for the analyses.

Results: no changes were found in either the acoustic variables or the self-perception
of voice comparing the moments before and after the exercises in either group. The
comparison between the groups revealed that the one with voice symptoms had lower
GNE and higher noise values at the second moment performing the technique.

Conclusion: the straw phonation did not cause acoustic or self-perceived voice
changes in women with and without voice symptoms. The comparison between the
groups showed that the women with symptoms had lower GNE and higher noise val-
ues than those without symptoms, after 1 minute performing straw phonation.
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INTRODUCTION

The semi-occluded vocal tract exercises (SOVTE) are
low-cost techniques' often used in speech-language-
hearing clinical practice as a voice therapy resource?®.
Their purpose is to create resistance to airflow (acoustic
impedance) and thus, improve vocal -efficiency®”.
There are many variations in how to perform these
exercises, but the main aspect that characterizes them
as SOVTE is the semi-occluded lips exercise®. This
occlusion causes the sensation of mild resistance to
the passage of sound, making the technique easier to
perform without overloading the glottis®®. The increase
in pressure in the vocal tract caused by tube phonation
generates a counter-resonance, which in turn exert
adduction and abduction strength on the vocal folds. It
muffles the mucosal wave movement of the vocal folds,
easing the tension and collision trauma caused when
they come together”®2,

The physiological sequence promoted by the SOVTE
improves the pneumo-phono-articulatory coordination,
diminishes glottal compression and supraglottal
constriction, and expands the vocal tract, favoring
resonance®'®'315, Vocal tract occlusion changes the
inner pressure in relation to the atmospheric pressure
and the glottal configuration of the vocal tract, improving
articulatory and vocal resonance characteristics®'®.

The SOVTE benefits not only speech but also
singing, as it helps adjust effortless voice use'”. Tube
phonation has also been used by singers* as a vocal
warm-up to make voice quality clearer and louder'®.

One of the SOVTE modalities involves resonance
tubes’®, such as straws, which can be used in two ways:
leaving the distal end of the tube free in the air or dipped
in water'1%1°_|n both cases, the tube must remain in the
person’s mouth, as if it were an artificial extension of the
vocal tract®. Studies point out that exercises involving
resonance tubes can also be used as a therapeutic
resource in cases of voice disorders2°2!,

Good voice quality and rich harmonics require
the tunica mucosa of the vocal folds to be elastic and
flexible?2. The physiology of phonation involves the
vibration of the vocal folds, which begins when the air
breathed out gets in contact with the adducted vocal
folds, displacing their tunica mucosa and forming
successive top-to-bottom attraction and repulsion
waves. The mucosal wave movement depends on
the transglottal airflow. Under normal circumstances,
the air glides on the laryngeal walls with little friction®.
The passage of the air current through the glottis in
phonation causes not only the sound signal modulated
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by the glottal mechanism but also additional noise,
which can be measured and contrasted with the
sound signal, using the glottal-to-noise excitation ratio
(GNE)23'24.

Although straw phonation is known for its beneficial
effects on both the sensations and the quality of voice
production, the literature still has little information
available about the ideal technique performance time.
This paper aimed to assess the acoustic changes and
self-perceived voice quality in women with and without
voice symptoms, obtained after 1, 3, 5, and 7 minutes
practicing straw phonation.

This study hypothesizes that the straw phonation
technique combined with vocal emission can have
positive voice acoustic effects and provide a more
comfortable self-perceived vocal emission, with ideal
minimum and maximum technique performance time to
provide the said benefits without vocal fatigue.

METHODS

This is a cross-sectional, experimental, analytical
study with a convenience sample, approved by the
Research Ethics Committee of the Centro Universitario
Metodista Izabela Hendrix (Izabela Hendrix Methodist
University Center), Brazil, under number 2.850.578
(CAAE 96408818.1.0000.5096).

Female subjects aged 18 to 45 years, with and
without voice symptoms, were invited to participate
in the study. The exclusion criteria were as follows:
people with a cardiovascular, neurological, or auditory
disease that might interfere with phonation; with a
cleft lip and/or palate, facial or costal arch fractures,
acute asthma, chronic obstructive pulmonary disease,
bronchospasm, severe renal impairment, or untreated
pneumothorax; and smokers. The people who did not
sign the informed consent form, who had been previ-
ously submitted to speech therapy, or who did not
finish all the stages in the study were also excluded.

The Voice Symptom Scale (VoiSS)?®® was used to
identify possible voice symptoms and characterize the
sample. It is an objective scale, easily calculated and
interpreted, made up of 30 multiple-choice questions.
The subjects answer the questionnaire autonomously,
checking one of the following answers in each question:
never, rarely, sometimes, almost always, or always
— which are respectively graded from 0 to 4 points on
the scale. Those whose total score was equal to or
higher than 16 points comprised the group with voice
symptoms, following the standardization proposed by
Moreti.



Each participant filled in a visual analog scale®
(VAS) and was instructed to check their perception of
the level of voice discomfort. The VAS had a numbered
line — the left end representing the absence of voice
discomfort, and the right end, intense voice discomfort.
Based on these instructions, each participant was
asked to assess their voice and check the number
that represented their level of voice discomfort at the
moment.

Then, their voice was recorded before the exercise.
These recordings were made individually in a silent
room. The emissions were picked up with a profes-
sional unidirectional microphone - BLX wireless
headset manufactured by Shure® (having a receiver
BLX4, bodypack transmitter BLX1, and headset micro-
phone PGA31) — attached to a conventional computer
(manufactured by Dell® — Optiplex 3020, Intel Core i3,
4160 U, 3.60 GHz, 4 GB, and 64-bit operating system).
The participants were asked to stand and emit a
prolonged vowel /e/ in maximum phonation time (MPT).

The participants then performed the SOVTE
technique, blowing into one end of a flexible straw
while emitting the vowel /u/ for one minute, with pauses
to breathe whenever necessary. One of the researchers
timed the exercise and indicated when to stop. The
participants filled in the VAS and their voices were
recorded after the first (m1), third (m3), fifth (m5), and
seventh minutes (m7) of exercise. Before recording,
they were all instructed on how to correctly perform the
vocal technique.

The exercise was made with black drink straws
manufactured by Strawplast®, measuring 5 mm wide
and 100 mm long. The straw was positioned at 45° from
the mouth and held by the participant, also sustaining
one end of the straw with the lips. The participants
remained seated for the technique. The straws were
used individually and disposed of after the exercise.
Each participant used only one straw throughout the
training.

The recordings were submitted to acoustic analysis
with the VoxMetria software. The following acoustic
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parameters were analyzed: mean fundamental
frequency (FO) in Hz, noise, GNE, jitter, shimmer, and
number of harmonics. The descriptive analysis of the
continuous variables (VAS, MPT, noise, FO, GNE, jitter,
shimmer, number of harmonics, and age) was made
with the measures of central tendency (mean, median)
and variability (standard deviation, minimum, and
maximum). The Kolmogorov-Smirnov test was applied
to assess the distribution of continuous variables. The
Friedman test was used to compare each parameter
(VAS, MPT, noise, FO, GNE, jitter, shimmer, and the
number of harmonics) at different moments both in
people with and without voice symptoms. When there
were differences between moments, the Wilcoxon
test was used to verify at what moment the difference
occurred. The Mann-Whitney test was used to compare
each parameter (VAS, MPT, noise, FO, GNE, jitter,
shimmer, and the number of harmonics) between
people with and without symptoms at each moment
and in the VoiSS. The analyses were made with the
STATA software (Stata Corporation, College Station,
Texas), version 12.0, at the 5% significance level.

RESULTS

A total of 30 women aged 18 to 39 years (mean of
27.8 years and standard deviation of 5.8 years) patrtici-
pated in the research — 17 with and 13 without voice
symptoms.

The comparisons between the moments (m0 to m7)
in participants with and without symptoms are shown
respectively in Tables 1 and 2. None of the variables
analyzed revealed significant differences in either
group.

There was a significant difference in GNE at the
second exercise moment, with a lower value for the
group with symptoms. There was also a significant
difference between the groups in noise at the second
moment, with a higher noise measure for the group
with symptoms (Table 3).
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Table 1. Results of the acoustic, maximum phonation time, and visual analog scale analyses of the group of women with voice symptoms
(n=17)

Parameter m0 mi m3 md m7 p-value
FUNDAMENTAL FREQUENCY

Mean 204.74 202.99 202.78 196.62 204.65

Standard Deviation 21.15 19.92 18.02 20.03 23.68 0.369
Median 202.59 202.83 207.84 197.72 199.34

JITTER

Mean 0.28 0.36 0.21 0.36 0.24

Standard Deviation 0.32 0.54 0.24 0.44 0.23 0.386
Median 0.14 0.13 0.11 0.14 0.16

SHIMMER

Mean 4,95 417 3.54 4.56 3.12

Standard Deviation 4.21 2.88 3.06 4.23 3.74 0.119
Median 4.61 3.09 2.61 2.56 2.32

GNE

Mean 0.76 0.71 0.74 0.74 0.75

Standard Deviation 0.11 0.14 0.14 0.15 0.16 0.459
Median 0.77 0.74 0.71 0.79 0.75

MAXIMUM PHONATION TIME

Mean 11.99 12.18 11.12 11.70 12.27

Standard Deviation 5.26 4.33 4.28 5.23 4.95 0.227
Median 11.17 12.42 10.43 11.60 12.33

NUMBER OF HARMONICS

Mean 13.82 14.82 17.41 16.76 15.88

Standard Deviation 5.31 5.40 6.09 8.00 7.30 0.234
Median 13.0 16.0 16.0 14.0 16.0

NOISE

Mean 1.25 1.43 1.33 1.32 1.25

Standard Deviation 0.45 0.57 0.60 0.61 0.65 0.459
Median 1.18 1.33 1.42 1.12 1.27

VISUAL ANALOG SCALE

Mean 2.59 2.18 1.68 2.29 2.76

Standard Deviation 2.81 2.51 1.49 2.78 3.13 0.762
Median 2.00 2.00 1.00 2.00 2.00

Captions: m = minute; GNE = Glottal-to-noise excitation ratio.
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Table 2. Results of the acoustic, maximum phonation time, and visual analog scale analyses of the group of women without voice
symptoms (n=13)

Parameter m0 m1i m3 md m7 p-value
FUNDAMENTAL FREQUENCY

Mean 201.92 202.93 204.80 205.29 203.38

Standard Deviation 20.50 15.03 17.12 15.58 16.60 0.863
Median 198.63 205.19 203.66 209.73 204.50

JITTER

Mean 0.31 0.14 0.12 0.14 0.19

Standard Deviation 0.49 0.08 0.05 0.11 0.17 0.066
Median 0.16 0.10 0.11 0.12 0.13

SHIMMER

Mean 3.60 2.97 2.81 2.73 2.85

Standard Deviation 1.51 2.40 2.33 1.49 1.65 0.110
Median 3.38 2.11 213 2.36 2.68

GNE

Mean 0.78 0.85 0.80 0.82 0.85

Standard Deviation 0.20 0.08 0.15 0.11 0.13 0.063
Median 0.90 0.85 0.81 0.83 0.90

MAXIMUM PHONATION TIME

Mean 11.45 11.01 10.79 10.75 10.58

Standard Deviation 417 3.84 4.05 3.48 4.01 0.749
Median 11.35 9.76 10.19 10.54 10.15

NUMBER OF HARMONICS

Mean 13.92 18.46 17.54 17.46 16.23

Standard Deviation 6.91 5.35 5.25 6.46 5.37 0.238
Median 11.0 17.0 18.0 18.0 16.0

NOISE

Mean 1.17 0.86 1.06 0.97 0.87

Standard Deviation 0.82 0.35 0.62 0.47 0.55 0.064
Median 0.67 0.85 1.04 0.94 0.66

VISUAL ANALOG SCALE

Mean 1.69 1.46 1.69 1.54 2.00

Standard Deviation 1.84 1.90 2.29 2.26 2.71 0.600
Median 2.00 1.00 1.00 0.00 1.00

Captions: m = minute; GNE = Glottal-to-noise excitation ratio.
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Table 3. Comparison of the results of the acoustic, maximum phonation time, and visual analog scale analyses between the groups of
women with (n=17) and without voice symptoms (n=13)

Parameter m0 m1i m3 mS m7
Groups WS Wos 'R Wo0s WS WO0s WS Wo0s WS wos
FUNDAMENTAL FREQUENCY

Mean 204.74 201.92 20299 202.93 202.78 204.80 196.62 205.29 204.65 203.38
Standard Deviation 2115 2050 1992 15.03 18.02 1712 20.03 1558 23.68 16.60
Median 202.59 198.63 202.83 205.19 207.84 203.66 197.72 209.73 199.34 204.50
p-value 0.754 0.884 0.950 0.174 0.660
JITTER

Mean 0.28 0.31 0.36 0.14 0.21 0.12 0.36 0.14 0.24 0.19
Standard Deviation 0.32 0.49 0.54 0.08 0.24 0.05 0.44 0.11 0.23 0.17
Median 0.14 0.16 0.13 0.10 0.11 0.11 0.14 0.12 0.16 0.13
p-value 0.769 0.239 0.421 0.093 0.450
SHIMMER

Mean 495 3.60 417 2.97 3.54 2.81 4.56 2.73 3.12 2.85
Standard Deviation 4.21 1.51 2.88 2.40 3.06 2.33 4.23 1.49 3.74 1.65
Median 4.61 3.38 3.09 2.11 2.61 2.13 2.56 2.36 2.32 2.68
p-value 0.544 0.194 0.368 0.379 0.770
GNE

Mean 0.76 0.78 0.71 0.85 0.74 0.80 0.74 0.82 0.75 0.85
Standard Deviation 0.11 0.20 0.14 0.08 0.14 0.15 0.15 0.11 0.16 0.13
Median 0.77 0.90 0.74 0.85 0.71 0.81 0.79 0.83 0.75 0.90
p-value 0.148 0.004* 0.160 0.143 0.057
MAXIMUM PHONATION TIME

Mean 1199 1145 1218 1101 1112 1079 1170 1075 1227 10.58
Standard Deviation 5.26 417 4.33 3.84 4.28 4.05 5.23 3.48 4.95 4.01
Median 1117 1135 1242 9.76 1043 1019 11.60 1054 1233 10.15
p-value 0.754 0.286 0.884 0.754 0.379
NUMBER OF HARMONICS

Mean 13.82 1392 1482 1846 1741 1754 1676 1746 15.88 16.23
Standard Deviation 5.31 6.91 5.40 5.35 6.09 5.25 8.00 6.46 7.30 5.37
Median 13.00 11.00 16.00 17.00 16.00 18.00 1400 18.00 16.00 16.00
p-value 0.916 0.130 0.867 0.675 0.933
NOISE

Mean 1.25 1.17 1.43 0.86 1.33 1.06 1.32 0.97 1.25 0.87
Standard Deviation 0.45 0.82 0.57 0.35 0.60 0.62 0.61 0.47 0.65 0.55
Median 1.18 0.67 1.33 0.85 1.42 1.04 1.12 0.94 1.27 0.66
p-value 0.149 0.005* 0.149 0.149 0.052
VISUAL ANALOG SCALE

Mean 2.59 1.69 2.18 1.46 1.68 1.69 2.29 1.54 2.76 2.00
Standard Deviation 2.81 1.84 2.51 1.90 1.49 2.29 2.78 2.26 3.13 2.71
Median 2.00 2.00 2.00 1.00 1.00 1.00 2.00 0.00 2.00 1.00
p-value 0.447 0.447 0.532 0.358 0.369

Captions: m = minute; WS = with symptoms; WOS = without symptoms. * Mann-Whitney test at the 5% significance level.
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DISCUSSION

None of the variables studied had a significant
difference between the different moments in the groups
of women with and without voice symptoms. This result
agrees with research? involving 40 women and eight
men with and without laryngeal lesions. They used hard
plastic straws (8.7 cm x 1.5 mm.), and the technique
was performed for 1 minute. The authors reported that
FO, jitter, and shimmer had rather discrete and nonsig-
nificant variations.

A study® with 55 dysphonic and non-dysphonic
women, using hard plastic straws measuring 8.7 cm by
1.5 mm, also pointed out that some parameters, such
as FO, jitter, shimmer, GNE, and noise did not change
in normophonic women over 7 minutes performing the
exercise. In the dysphonic women, there were positive
responses up to the fifth minute, peaking at the third
minute, and less effort to speak. Another study” carried
out with 23 women without voice symptoms, using hard
plastic straws (8.7 cm x 1.5 mm), pointed out that the
FO decreased after the exercise. The other acoustic
parameters of FO variability in speech, voice irregularity,
and GNE were similar before and after the exercise,
which lasted 1 minute.

The literature indicates that the SOVTE has many
benefits for voice quality and projection. Studies
comparing the recordings made before and after the
technique report improved auditory-perceptual aspects
(such as resonance and voice projection), improved
FO values, decreased noise, improved spectrographic
tracing, and a greater number of harmonics”?. In the
present study, no significant variability was identified
in any of the acoustic parameters researched or in the
self-assessed voice discomfort.

A study?® used the VAS to quantify the participants’
perception of their effort to speak before and after 1, 3,
5, and 7 minutes of the high-resistance straw phonation
exercise and verified that the perception of effort to
speak diminished after 1 and 3 minutes and increased
back after 5 and 7 minutes of exercise. Other pieces
of research”?, though, using other types of voice
self-assessment with multiple-choice questionnaires
on perceived voice and sensation changes after the
exercise, obtained positive straw phonation results.
These studies”?® had different results from the present
one, raising suspicion that the dimensions and material
of the straw might interfere with the results.

A study that assessed the effects of straw phonation
after 1, 3, 5, and 7 minutes performing the technique?®
revealed an increase in post-exercise MPT. The results
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differ from the findings in the present research, which
did not reveal a significant improvement in this variable.
A possible explanation for this divergence may be
the difference in material and diameter of the straws
used in the studies. The study by Paes? used a more
resistant straw, as it was only 1.5 mm wide, which may
have favored glottal closure, consequently influencing
the MPT.

In the present study, the comparison between
groups at the second moment revealed a significant
difference in GNE and noise. The group with voice
symptoms had a lower GNE value at all moments,
which was not expected. Also, the value decreased
after 1 minute, while the GNE increased in the group
without symptoms in m1, which explains the statistical
difference in this variable. The GNE is a noise-related
acoustic measure produced by vocal fold oscillation;
the noise, in its turn, is related to the aperiodic compo-
nents of the sound signal®. Higher noise values were
expected from people with symptoms, as the noise
is related to what our ears perceive as roughness.
However, there was a difference only at the second
assessment moment (after 1 minute), which was when
people without voice symptoms had the greatest
decrease in value in this variable. The decrease in
noise at the first minute of performing the exercise
was accompanied by an increase in the number of
harmonics.

Regarding the SOVTE, it must be said that the
nonlinear voice theory suggests that the vocal tract
modifies the vibration patterns of the vocal folds by
changing the acoustic impedance of the voice filter,
also filtering the sound produced in the glottal source®.
Hence, researching the applicability of the SOVTE as
a therapeutic resource is both relevant and important.

The limitations of this research included the
small sample size, the absence of male participants,
not separating occupational voice users, and not
performing a laryngeal examination of the participants.
Further research is warranted, with more participants,
including males and a broader age range, to compare
people’s results by age groups, separating the groups
based on their laryngeal diagnosis.

CONCLUSION

There was no significant difference in the acoustic
parameters analyzed or in the self-perception of voice
discomfort in women with and without voice symptoms
before performing the straw phonation technique

DOI: 10.1590/1982-0216/20212368521 | Rev. CEFAC. 2021;23(6):e8521



8/9 | Paixao LR, Tannes MCB, Souza BO, Nogueira LLCR, Furlan RMMM

and after the first, third, fifth, and seventh minutes of
exercise.

The GNE and noise had statistically significant

differences between the groups at the second moment
performing the technique, with lower GNE and higher
noise values in the group with voice symptoms.
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