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Aerodynamic and acoustic response patterns associated with cheek
inflation during straw phonation: An exploratory pilot study

Seung-Su Lee'? - Hong-Shik Choi**

! Interdisciplinary Program of Speech-Language Pathology, The Graduate School, Yonsei University, Seoul, Korea
2 Chun-Ji-In Institute of Vocalization, Seoul, Korea
? Department of Otorhinolaryngology, Yonsei University College of Medicine, Seoul, Korea

Abstract

This exploratory pilot study examined preliminary aerodynamic and acoustic response patterns associated with cheek
inflation during straw phonation in healthy adults. Eight adults with complete pre—post data were assigned to either a cheek
inflation group or a no-cheek-inflation group using a between-subjects design. Aerodynamic variables obtained using the
Phonatory Aerodynamic System (PAS) were treated as the primary exploratory outcomes, whereas acoustic measures
obtained using real-time pitch (RTP), Multi-Dimensional Voice Program (MDVP), and Analysis of Dysphonia in Speech
and Voice (ADSV) were analyzed as secondary exploratory outcomes. Grade, roughness, breathiness, asthenia, strain
(GRBAS) ratings were used as a descriptive reference to characterize the auditory-perceptual status of the healthy
participants rather than as a primary outcome measure. Given the small sample size, nonparametric analyses and effect
sizes were used to describe pre—post changes and between-condition change-score patterns. Pre—post comparisons showed
changes in selected PAS variables, including aerodynamic power, peak air pressure, and peak expiratory airflow, while
jitter was the only acoustic variable showing a pre—post change. Between-condition comparisons of change scores did not
reach statistical significance. However, several PAS variables, particularly phonation time, expiratory airflow duration, and
mean expiratory airflow, showed relatively large effect sizes, suggesting possible candidate variables for future
investigation. These findings should not be interpreted as evidence of a definitive condition effect, but rather as
preliminary observations that may inform future within-subject studies with larger samples and direct physiological
measurements.
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PARTICIPANT ENROLLMENT
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Acoustic, Aerodynamic, Perceptual Acoustic, Aerodynamic, Perceptual

l !
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! |

POST-MEASUREMENT POST-MEASUREMENT
Acoustic, Aerodynamic, Perceptual Acoustic, Aerodynamic, Perceptual

OF 1. AT HA R A "A)
Figure 1. Study design and experimental flow

®1ATAA 28 Qo
Table 1. Summary of study design and methodology

Category Description
Study design Exploratiory pilot study; mixiat.i design WiFh between-.subjects factor (cl?ee.k condition) and within-subj e'cts
factor (time). Between-condition comparisons were interpreted as preliminary due to the small group size.
Participants 11 healthy adults recruited; 8 participants with complete pre—post data included in final analysis

Inclusion criteria

Age > 19 years; no self-reported voice disorders; ability to follow experimental instructions

Exclusion criteria

Voice disorder diagnosis or treatment within 6 months; respiratory illness or upper airway infection;
neurological conditions affecting phonation or respiration; incomplete pre—post measurement data

Group allocation

Cheek Inflation group (n=4); No Cheek Inflation group (n=4)

Intervention task

Straw phonation tasks consisting of sustained /u/ phonation, pitch ascending and descending tasks,
ascending and descending glissando tasks, and one set of the “Happy Birthday” melody; Cheek Inflation:
cheeks maintained in an expanded state; No Cheek Inflation: cheeks kept unexpanded during the same tasks

Measurement timing

Pre, before straw phonation; Post, immediately after straw phonation

Outcome domains

Aerodynamic measures as primary exploratory outcomes; acoustic measures as secondary exploratory
outcomes; GRBAS as a descriptive reference measure

Acoustic measures

RTP: habitual pitch (F0); MDVP: F0, jitter (%), shimmer (%), NHR; ADSV: CPP (dB), L/H ratio

Perceptual measures

GRBAS (G, R, B, A, S), used to characterize the auditory-perceptual status of healthy participants

Aerodynamic measures
(primary)

PAS: AP, PAP, EAD, PEA, PT, MPAP, MADV, AE, MSDV, EV, MEA, AR

Statistical analysis

Nonparametric methods; Wilcoxon signed-rank test for pre—post comparisons; Mann—Whitney U test for
between-group delta comparisons; effect sizes: rank-biserial correlation (r), Cliff’s delta; descriptive
statistics: median (IQR); p-values interpreted descriptively due to the exploratory small-sample design; no
correction for multiple comparisons

GRBAS, grade, roughness, breathiness, asthenia, strain; RTP, real-time pitch; FO, habitual pitch; MDVP, Multi-Dimensional Voice Program;
NHR, noise-to-harmonics ratio; ADSV, Analysis of Dysphonia in Speech and Voice; CPP, cepstral peak prominence; PAS, Phonatory
Aerodynamic System; AP, aerodynamic power; PAP, peak air pressure; EAD, expiratory airflow duration; PEA, peak expiratory airflow; PT,
phonation time; MPAP, mean peak air pressure; MADV, Mean Airflow During Voicing; AE, aerodynamic efficiency; MSDV, mean SPL
during voicing; EV, expiratory volume; MEA, mean expiratory airflow; AR, airway resistance.
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2,97 iAo 54
Table 2. Participants' characteristics

Group n Age (years) Sex (M/F)
Cheek inflation 4 23.8+1.7 2/2
No cheek inflation 4 25.0£2.4 3/1
Total 8 24.4+2.1 5/3

M, male; F, female.

A Cheek Inflation Condition

B No Cheek Inflation Condition

This figure is intended to clarify the procedural difference between the two experimental conditions and does not

represent physiological measurement data.

I8 2. 0o g = A B w8 2T B W 2319 Al Wl

Figure 2. Visual comparison of the cheek inflation and no-cheek-inflation conditions during straw phonation
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6.33 6.80
PAS MPAP 8 (4.51-7.24) (4.93-8.03) 0.675 .090 0.60
0.169 0.185 (0.165—
PAS MADV 8 (0.135-0.246) 0251) 0.0085 141 0.52
142.075
PAS AE 97'_511357(22575 (99.223- 60.005 161 0.50
) 235.173)
80.015 (76.943 | 81.240 (77.658
PAS MSDV 83313) —81.923) 1.235 263 0.40
2.925 2.645
PAS EV 8 (2.343-4.003) (2.093-3.383) —0.110 310 0.36
0.146 0.139
PAS MEA (0.126-0219) (0.123-0212) —0.0015 612 0.18
29.21 32.06 (19.36—
PAS AR (20.93-48.82) 44.80) 1.245 779 0.10
136.99 (109.81 | 135.12 (108.04
MDVP FO 8 ~186.84) 18411 4.357 401 0.30
0.551 0.376
1 0,
MDVP Jitter (%) (0.387-2.114) (0.253-0.604) —0.2745 017 0.84
2.036 2.107
3 0,
MDVP Shimmer (%) (1.884-3.637) (1.790-2.955) —0.1665 484 0.25
0.133 0.131
MDVP NHR 8 (0.123-0.145) (0.123-0.138) 0.0010 179 0.10
136.99 (109.81 | 135.12 (108.04
RTP FO ~186.84) _184.11) 3.315 123 0.54
13.35 14.01
ADSV CPP (dB) 8 (12.07-15.11) (13.20-14.68) 1.3535 575 0.20
. 31.88 31.56
ADSV L/H ratio 8 (30.30-35.40) (27.94-36.05) 0.2350 1.000 0.00
Values are reported as median (interquartile range). Delta = Post — Pre. Statistical comparisons were performed using the Wilcoxon signed-rank
test (two-tailed). Effect size is rank-biserial correlation (r).
RTP, real-time pitch; MDVP, Multi-Dimensional Voice Program; ADSV, Analysis of Dysphonia in Speech and Voice; PAS, Phonatory
Aerodynamic System; GRBAS, grade, roughness, breathiness, asthenia, strain; AP, aerodynamic power; PAP, peak air pressure; EAD, expiratory
airflow duration; PEA, peak expiratory airflow; PT, phonation time; MPAP, mean peak air pressure; MADV, mean airflow during voicing; AE,
aerodynamic efficiency; MSDV, mean SPL during voicing; EV, expiratory volume; MEA, mean expiratory airflow; AR, airway resistance; CPP,

cepstral peak prominence; L/H ratio, low-to-high spectral ratio; NHR, noise-to-harmonics ratio.
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Table 4. Between-Condition comparisons of change scores (delta)

Ho® f
=g o

Measurement set Variable Cheek inflation n Cheek inﬂation &\[No cheek inflationiNo cheek ir.lﬂation p-value Cliff's &
median n A median
PAS AP 4 0.0205 4 0.0280 .886 -0.13
PAS PAP 4 0.6950 4 1.4050 .686 -0.25
PAS EAD 4 0.0950 4 0.3250 114 -0.75
PAS PEA 4 0.0260 4 0.0510 486 -0.38
PAS PT 4 —0.0050 4 -3.1650 .057 0.88
PAS MPAP 4 0.6750 4 0.6600 .686 -0.19
PAS MADV 4 0.0085 4 0.0290 1.000 0.00
PAS AE 4 65.1900 4 45.7750 .886 0.13
PAS MSDV 4 0.9250 4 1.2350 .686 0.25
PAS EV 4 —0.2050 4 —0.0450 .686 -0.25
PAS MEA 4 —-0.0105 4 0.0080 200 -0.63
PAS AR 4 -1.2450 4 1.9900 .886 -0.13
MDVP FO 4 -0.9710 4 9.7905 .886 -0.13
MDVP Jitter (%) 4 —0.2745 4 -0.4010 .886 -0.13
MDVP Shimmer (%) 4 0.4040 4 —0.1665 .686 0.25
MDVP NHR 4 0.0015 4 —-0.0030 486 0.38
RTP FO 4 -3.3150 4 -2.3950 .886 -0.13
ADSV CPP (dB) 4 1.3535 4 —0.0940 1.000 0.00
ADSV L/H ratio 4 0.1685 4 1.3975 .886 -0.13

Delta=Post—Pre. Statistical comparisons were performed using the Mann—Whitney U test (two-tailed). Effect size is CLiff’s delta (5).

AP, aecrodynamic power; PAP, peak air pressure; EAD, expiratory airflow duration; PEA, peak expiratory airflow; PT, phonation time; MPAP,
mean peak air pressure; MADV, Mean Airflow During Voicing; AE, aerodynamic efficiency; MSDV, mean SPL during voicing; EV, expiratory
volume; MEA, mean expiratory airflow; AR, airway resistance; FO, fundamental frequency; NHR, noise-to-harmonics ratio; CPP, cepstral peak

prominence; L/H ratio, low-to-high spectral ratio.
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Directional Changes in Key Aerodynamic Measures by Condition

Cheek Inflation Condition No Cheek Inflation Condition
(Pre — Post) (Pre — Post)

Aerodynamic Power (AP) T
Peak Air Pressure (PAP) T
Expiratory Airflow Duration (EAD) T
Phonation Time (PT) J
Mean Expiratory Airflow (MEA) J

Increase | Increase

Increase 1 Increase
Increase 1 Increase
Decrease ‘ Decrease
Decrease 1 Increase

f = Increase (Post > Pre);

l Decrease (Post < Pre)

Directional changes are presented for descriptive purposes only and should not be interpreted as evidence of statistically significant condition
effects. The variables shown were selected to illustrate exploratory patterns for future investigation.
293 28 78 37195 A E| Wl 3
Figure 3. Directional changes in key acrodynamic measures by condition
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2 Jhg of varying lengths and diameters during straw phonation on an
| AR e e et R e A excised canine model. Journal of Voice, 35(1), 85-93.
= A Titze, 1. R. (2006). Voice training and therapy with a semi-occluded
ojt}, vocal tract: Rationale and scientific underpinnings. Journal of
Speech, Language, and Hearing Research, 49(2), 448-459.
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Appendix 1. Speech Materials and Straw Phonation Procedures

Overview of speech materials, PAS use, and the experimental straw phonation tasks used at pre- and post-test.

A. Speech materials used for analysis

Domain | Tool / material ‘ Variables / purpose
Aerodynamic Pho'natory Aerf:dynamlc S.ystem (PAS) AP, PAP, EAD, PEA, PT, MPAP,
analysis Ma.mmur.n.sustamed phonation protocol + MADV, AE, MSDV, EV, MEA, AR
voice efficiency protocol
Acoustic RTP : ,
analysis Reading of the Autumn Passage Habitual pitch (F0)

MDVP and ADSV

Acoustic . . MDVP: FO, jitter, shimmer, NHR
analysis Sustained /a/ at comfortable pitch ADSV: CPP, L/H ratio
and loudness
Auditory- GRBAS G,R,B,AS
perceptual Pre- and post-test voice samples Used as a descriptive reference
evaluation measure

All speech tasks were applied at both pre-test and post-test.

B. Straw phonation procedure

[ / Straw: white yogurt straw, approximately 15 cm in length and 3 mm in diameter. ]

= Straw ==
a—| Pre-test —) Q # ¢—| Post-test

phonation tasks =

o Sustained /u/ phonation for 3 seconds x 10

—

[o Pitch ascending and descending tasks x 3 sets

e Glissando tasks: ascending and descending X 3 sets each

[o ‘Happy Birthday’ melody X 1 set ]

Cheek Inflation condition No Cheek Inflation condition

* Sit upright with the straw placed between the lips. + Use the same posture and the same straw.

Keep both cheeks inflated throughout the task.
* Inhale through the nose and exhale slowly
through the straw. * Maintain a light, steady voice.

* Maintain a steady, comfortable voice and
avoid excessive neck tension.

Keep both cheeks uninflated during the task.

* Avoid excessive neck tension.

S

Abbreviations: RTP = Real-Time Pitch; MDVP = Multi-Dimensional Voice Program; ADSV = Analysis of Dysphonia
in Speech and Voice; PAS = Phonatory Aerodynamic System; GRBAS = Grade, Roughness, Breathiness, Asthenia,
Strain; CPP = cepstral peak prominence; L/H ratio = low-to-high spectral ratio; NHR = noise-to-harmonics ratio.
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