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ABSTRACT

Purpose: The first purpose of this study was to investigate and compare the short-term
effects after a semi-occluded vocal tract (SOVT) therapy session consisting of straw
phonation (SP) in air or water on vocal fold vibration and supraglottic activity of adult
patients with voice disorders, visualized with strobovideolaryngoscopy (SVL). The second
purpose of this study was to investigate and compare immediate changes in the patients’
vocal fold vibration and supraglottic activity during SP in air or water, visualized with SVL.

Methods: Twelve adult patients with voice disorders (eight women and four men, mean age
52 years) were assigned randomly to one of two study groups: SP in air or SP in water.
Immediately before and after a therapy session of 15 min, participants underwent a rigid SVL
to determine the short-term effects of the SP session. At the posttherapy examination, flexible
SVL while performing SP was added to determine the effects occurring during SP. The
visual-perceptual ratings were performed blindly and in random order by three laryngologists,
using the Voice-Vibratory Assessment with Laryngeal Imaging rating form for stroboscopy.

Results: Short-term effects after SP: After the SP-in-air session, the supraglottic mediolateral
compression decreased significantly. The SP-in-water session led to significantly increased
left vibrational amplitude. Immediate effects during SP: During SP in air, a significantly
increased left amplitude and mucosal wave, and significantly decreased mediolateral
supraglottic activity, were found. SP in water tended to decrease the vibrational amplitude



during performance of the task. A trend toward higher anteroposterior supraglottic
compression was observed during both SP in air and water, being more prominent in the
latter.

Conclusion: SP in air led to less false vocal fold adduction and consequently less
hyperfunction. The small increment in anteroposterior supraglottic activity during SP in air
and water might be related to epilarynx narrowing, an economic phenomenon associated with
SOVT exercises. The effects on vibrational amplitude were rather ambiguous. The small
reduction in amplitude during SP in water is expected to diminish vocal fold impact stress
and therefore creates an ideal basis for voice therapy. The increment in amplitude and
mucosal wave during SP in air might indicate insufficient supraglottic pressure to obtain the
favorable effects of semi-occlusion. Whether or not the rise in amplitude after the SP-in-
water session is due to voice efficiency or voice fatigue remains unknown. Future larger-scale
investigation in subgroups of voice patients is needed to explore these hypotheses.

Keywords: Efficacy—Semi-occluded vocal tract therapy—Straw phonation— Vocal fold
vibration—Supraglottic activity—Strobovideolaryngoscopy

Introduction

Semi-occluded vocal tract (SOVT) exercises are promising and widely used to achieve
economic and efficient voice use.1, 2, 3 They can be used in voice therapy for patients with
dysphonia or as warm-ups for occupational voice users and elite voice performers.4, 5, 6, 7, 8
The common feature of these exercises is a reduction in the cross-sectional area of the vocal
tract during phonation.’ Semi-occlusion can be formed by the articulators or by an assistive
device, such as a straw inserted between the lips.!® In the latter case, an artificial lengthening
of the vocal tract is achieved.!® Semi-occluding (and lengthening) the vocal tract increases the
supraglottic pressure and inertive reactance, which reduces the phonation threshold pressure
and facilitates voice initiation and self-sustained oscillation via a non-linear feedback
mechanism.'>10, 11, 12 In general, SOVT exercises elicit voice production that relies more
heavily on non-linear source-filter interaction than on adductory stress to give the voice
acoustic power®. Therefore, the exercises lead to more economic phonation, which minimizes
voice injury.1, 2, 3 The greater supraglottic pressure achieved by semi-occlusion results in
reduced transglottic pressure (difference between sub- and supraglottic pressure) which leads
to a relatively small vibrational amplitude, decreased glottal resistance and slightly separated
vocal folds.!®13, 14, 15, 16, 17, 18, 19 Because the impact stress on the vocal folds
diminishes, phonation with high subglottic pressure and high pitch can be achieved with
minimal risk of injury to the vocal fold mucosa, making SOVT exercises ideal for voice
warm-up.' 813141516, 17, 18, 19 Moreover, a barely abducted or barely adducted vocal fold
configuration is associated with a voice production that is neither breathy nor pressed; and,
therefore, it is the target for both patients with laryngeal hyperfunction and those with
hypofunction.'!:20, 21, 22

SOVT exercises can have either a single (ie, only the vocal folds) or a double vibratory
source. A secondary vibratory source at the distal part of the vocal tract produces fluctuating
intraoral pressure that is hypothesized to create a ‘massage-like’ effect on the vocal folds and
the vocal tract leading to muscle relaxation, improved blood circulation and more
comfort.®23, 24, 25 For straw phonation (SP), the free end of the straw can be placed into air
or water, creating a single or double vibratory source (ie, the water bubbling), respectively.



Although SP has a long history in voice training and rehabilitation, empirical evidence dates
from the last two decades.!?® Efficacy studies investigating the immediate effects of SP have
focused mainly on aerodynamic, acoustic and electroglottographic (EGG) alterations.*%8, 9,
102226, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 Also, MRI and CT
studies are available.!>*%* Surprisingly, only three studies explored SP-induced adjustments
detectible via endoscopy or stroboscopy.'®?** These techniques are now widely available in
clinics and could therefore serve as valuable tools in SOVT assessment and treatment.'®
Dargin et al'® investigated immediate changes in laryngeal and pharyngeal activity during SP
in air (drinking straw), lip trills and tongue trills in four vocally healthy singers with flexible
strobovideolaryngoscopy (SVL). The authors found high variability within and between
subjects. SP led to increased mediolateral supraglottic constriction in subject one, no changes
in subject two, improved phase closure and increased mucosal wave in subject three, and
increased amplitude/mucosal wave and decreased laryngeal height adjustment in subject four.
Limitations of this study were the small sample size, as well as the lack of group effects,
blinded visual-perceptual ratings and inter/intrarater reliability results. Also, a sequence of
three different SOVT exercises was performed in a non-randomized order by each subject,
which could have led to a carry-over effect and bias of the results. Guzman et al* also
investigated the immediate effects of a non-randomized sequence of eight SOVT exercises (4
SP in air exercises with different straw diameter and lengths, 2 SP in water exercises with
different straw diameter, hand-over-mouth and lip trills) with flexible laryngoscopy in 20
patients with hyperfunctional dysphonia. They found lowering of the larynx, widening of the
pharynx and narrowing of the epilarynx during all exercises. Visual-perceptual ratings were
performed blindly, and both inter and intrarater reliability were calculated. Costa et al*® did
not find significant effects on glottal closure and vestibule constriction after 1 min of SP in
air (stirring straw) in 48 subjects with or without vocal fold lesions, determined with rigid
laryngoscopy. No information regarding vocal fold vibration was reported in the last two
studies as no stroboscopy was used. Furthermore, none of these studies answers the important
question of whether SP-induced laryngeal/pharyngeal changes remain when voice production
returns to baseline. The study of Costa et al?®” tried to address this question. However, 1
minute of SP might have been too short to detect any retention effects.

Based on the literature reviewed above, there is a need for randomized clinical trials
investigating group effects of SP in air or water on the laryngeal and pharyngeal activity of
patients with voice disorders, both during the SOVT execution and after a therapy session,
including stroboscopy, using a standardized, reliable visual-perceptual evaluation protocol,
blinded ratings and inter/intrarater reliability results. Therefore, the first purpose of our study
was to investigate and compare the short-term effects after a SOVT therapy session
consisting of SP in air or water on vocal fold vibration and supraglottic activity of adult
patients with voice disorders, visualized with SVL. The second purpose of this study was to
investigate and compare immediate changes in the patients’ vocal fold vibration and
supraglottic activity during SP in air or water, visualized with SVL.



Material and methods

This research was approved by the institutional review board of Drexel University College of
Medicine (protocol number: 1908007341).

Participants

Adult patients who had a scheduled voice therapy session at the voice center of Philadelphia
Ear, Nose and Throat Associates, Department of Otolaryngology — Head and Neck Surgery,
Drexel University College of Medicine, were asked if they were willing to participate in the
study. Smoking, pregnancy, mental health conditions, and physically limiting diseases that
might interfere with study completion were selected as exclusion criteria. Twelve patients
(eight women, four men) with a mean age of 52 years (SD 17.1, range 20-77 years) agreed to
participate and provided written informed consent. They all had been diagnosed with
dysphonia by an experienced otolaryngologist (R.T.S.). Information regarding the
participants’ demographics and voice-related history is summarized in Table 1. There were
no significant differences in age (Mann-Whitney U test, P = 0.469) or sex (Fishers Exact test,
P > 0.999) between the two study groups.

Design

Participants were assigned randomly to one of two study groups: SP in air or SP in water. An
online random number generator was used for this group assignment. Immediately before and
after the therapy session, participants underwent rigid SVL to determine the short-term
effects of the SP session on the vocal fold vibration and supraglottic activity. At the
posttherapy examination, flexible SVL while performing SP was added to determine
immediate effects occurring during SP.

SP voice therapy session

Each SP session was guided by one of three experienced, certified speech-language
pathologists (B.R., J.P. or P.D.). The session lasted 15 min and consisted of either SP in air or
SP in water. Subjects were asked to phonate through a straw in air or water while being
instructed by the speech-language pathologist. A regular drinking straw (diameter 5 mm,
length 21 cm) was used for both conditions. A water depth of 2 cm was used for the SP-in-
water session, which was set by drawing a line on the straw. The exercises were performed in
sitting position with the head upright. The therapy sessions were similar with respect to voice
demand tasks (vowel phonation to continuous speech). The SP protocol is reviewed in Table
2. To standardize therapeutic performance, all speech-language pathologists participated in a
short training prior to the experiment.



TABLE 1. Participants’ Demographics and Voice-related History

Group

SP in Air

Subject

1

Sex Age
M 66
F 55
M 65
F 20
F 45
F 77

Occupation

dentist

teacher elementary school

orthodontist

musical theater student

physical therapist

singer

Singing

non-
professional

no singing

no singing

professional

non-
professional

professional

Voice disorder/diagnosis

reflux laryngitis

Reinke's edema

bilateral benign masses
bilateral vocal fold paresis
muscle tension dysphonia
glottic insufficiency

left vocal fold cystic mass
Reinke's edema
laryngopharyngeal reflux
right partial vocal fold
paresis

glottic insufficiency
Reinke's edema
laryngopharyngeal reflux
multiple masses on left
vocal fold

left vocal fold paresis
muscle tension dysphonia
right vocal fold cystic mass
reflux laryngitis
fluctuating vocal fold paresis
R>L

muscle tension dysphonia
right vocal fold paresis
bilateral benign masses
left posterior granuloma
sulcus vocalis

glottic insufficiency

right VF weakness
bilateral sulci

reflux laryngitis

bilateral local Reinke's
edema

Hours of Prior
Voice Therapy
11

23

Familiar with SP Prior to
the Experiment
yes

no

no

yes

yes

yes



SP in
Water

10

11

12

55

36

35

37

65

66

singer
voice teacher
opera director

teacher middle school

teacher middle school
voice-over/ commercial
representative

motivational speaker
pianist and singer

courier hospital
singer

nurse

professional

non-
professional

non-
professional

professional

professional

non-
professional

left benign vocal fold mass
muscle tension dysphonia

right vocal fold mass
edema

Reinke's edema left vocal

fold

muscle tension dysphonia

glottic insufficiency
reflux laryngitis
Reinke's edema

right vocal fold cyst
alternating hypomobility
(R>L)

muscle tension dysphonia

left vocal fold mass

bilateral vocal fold scar and

stiffness
laryngopharyngeal reflux

unilateral vocal fold paresis

Reinke's edema

muscle tension dysphonia

glottic insufficiency
reflux laryngitis
left vocal fold cyst

muscle tension dysphonia

glottic insufficiency

bilateral vocal fold masses

bilateral sulci
Reinke's edema

right vocal fold scar
laryngopharyngeal reflux
presbylaryngis

left vocal fold paresis
glottic insufficiency
reflux laryngitis
Reinke's edema

left vocal fold paresis
glottic insufficiency

19

10

53

yes

no

yes

yes

no

no



TABLE 2. SP Protocol

Introducing eutonic posture and costo-abdominal breathing
Costo-abdominal breathing through the straw without phonation (3 times)
SP on /o/ vowel: habitual pitch and loudness (3 times)

SP on /o/ vowel with phonatory breaks on one exhalation: /o/-/0/-/0/
SP on /o/ vowel: glissando (3 times)

low — high

high — low

low — high — low

high — low — high

SP while “reading” phrases

using prosodic patterns without articulation

followed by reading the same phrases without the straw
Why not?

Why not one?

Would you like one?

What a wonderful world.

Walk through the woods.

Where are you going?

What time is it?

What's your name?

Whatever you want.

Wherever you want to go.

SP while “reading” the Rainbow Passage

using prosodic patterns without articulation

followed by reading the same text without the straw

SP while “singing” Happy Birthday

using prosodic patterns without articulation

followed by singing the same song without the straw

SP during “spontaneous speech”

answering questions (e.g. What are your plans for the weekend?)
using prosodic patterns without articulation

followed by telling the same story without the straw

Strobovideolaryngoscopy (SVL)

The SVL examinations were performed by a laryngology fellow (G.A.) or a senior
otolaryngology resident (J.B.). Participants were examined in seated position, with or without
administration of topical anesthesia. The KayPentax (Montvale, NJ) laryngeal stroboscope
model 9400 was used for all examinations.

A rigid laryngoscope (model: KayPentax 9106) with stroboscopic light was used at both the
pre- and posttherapy examinations. Participants were asked to produce a sustained vowel /i/
at a habitual pitch and loudness followed by a low-to-high glissando.

After the rigid SVL of the posttherapy examination, a flexible nasolaryngoscope (model:
KayPentax VNL — 1170K) with stroboscopic light was introduced to determine the effects
during SP. First, participants were asked to produce a sustained vowel /i/ at habitual pitch and
loudness followed by a low-to-high glissando (phonatory condition without straw). After that,
participants performed the same phonatory tasks during SP in air or water, depending on their
group assignment (phonatory condition with straw). Participants were guided by their speech-
language pathologist during these SP tasks.



Visual-perceptual ratings

After data collection, all video samples of the performed examinations were copied from the
medical records, de-identified and randomized. A laryngology fellow (H.P.) and two senior
otolaryngology residents (J.R. and M.B.) performed the visual-perceptual ratings using the
Voice-Vibratory Assessment with Laryngeal Imaging (VALI) rating form for stroboscopy.*¢
The following parameters were evaluated: glottal closure (complete, anterior gap, posterior
gap, hourglass, spindle gap, irregular, or incomplete), amplitude (magnitude of lateral
movement of the vocal folds, in %), mucosal wave (magnitude of lateral movement of the
mucous membrane, in %), vertical level (on-plane, off-plane left lower, or off-plane right
lower), nonvibratory portion (adynamic segments of tissue that appear stiff, in %),
anteroposterior (AP) and mediolateral (ML) supraglottic activity (constriction of the
supraglottic structures, rated 0 — 5 with the aid of concentric circles), free edge contour
(normal, convex, concave, irregular, or rough), phase closure (open phase predominates,
nearly equal, or closed phase predominates), phase symmetry (the degree of symmetry
between the left and the right vocal folds in terms of opening and closing, in %), and
regularity (consistency of averaged stroboscopic cycles, in %). For each parameter, the form
provides a concise definition and high-quality graphic.*®

All raters were instructed about the use of the VALI form by the same investigator (G.A.) to
establish a common understanding of all parameters. After that, each rater viewed and rated
the video samples independently. Ratings were completed on a self-paced basis. Ten percent
of the samples were randomly repeated to assess intrarater reliability. Audio signals were
removed to avoid any bias of the participant's voice quality on the judges’ ratings.

Statistical analyses

SPSS version 27 (SPSS Corporation, Chicago, IL, USA) was used for statistical analyses of
the data. Analyses were conducted at a = 0.05.

Interrater reliability was determined with a two-way mixed, consistency, average-measures
intraclass correlation coefficient (ICC) for the continuous data.*’*® For the nominal data,
Cohen's kappa (K) was run for all rater pairs followed by computing the arithmetic mean of
these estimates.*’* Intrarater reliability was determined with a two-way mixed, absolute
agreement, single-measures ICC for the continuous data and with Cohen's K for the nominal
data.*’*® Only variables with an ICC or K of at least 0.40 (fair agreement,’*°") were kept for
further analysis.

For the continuous data, the median scores of the three raters were used for further analysis.
For the nominal data, the category that was selected by at least two of the three raters was
retained for further analysis.

Linear mixed model analyses were performed to compare the groups over time (pre versus
post) and phonatory condition (without straw versus with straw) on each continuous outcome
measure using the restricted maximum likelihood estimation and scaled identity covariance
structure. Time or Phonatory condition, Group, and Time or Phonatory Condition x Group
interactions were specified as fixed factors. A random intercept for subjects was included.
Model assumptions were checked by inspecting whether residuals were normally distributed.
Within-group effects of Time or Phonatory Condition were determined by posthoc pairwise
comparisons. Marginal homogeneity tests were used to compare nominal data within groups.



Results
Inter and intrarater reliability

Excellent interrater reliability was found for vertical level (K = 0.90) and supraglottic activity
AP/ML (ICC = 0.76/0.85), good interrater reliability was found for mucosal wave right

(ICC = 0.68) and phase symmetry (ICC = 0.73), and fair interrater reliability was found for
glottal closure (ICC = 0.40), amplitude left (ICC = 0.51) and mucosal wave left (ICC = 0.47).
The parameters amplitude right, nonvibratory portion right/left, free edge contour right/left,

phase closure, and regularity were excluded from the analysis due to poor interrater reliability
(K or ICC < 0.40).5%1

Intrarater reliability (K or ICC) ranged from 0.18 to 0.89 for rater 1, from 0.18 to 0.84 for
rater 2 and from 0.15 to 0.82 for rater 3. Poor intrarater reliability was found for free edge
contour right/left for rater 1, amplitude right and phase closure for rater 2 and non-vibratory
portion left, free edge contour right and regularity for rater 3 (K or ICC < 0.40).

TABLE 3. Short-term Effects after the SP-in-Air or Water Session on Vocal Fold Vibration and Supraglottic
Activity: Continuous Data (Rigid SVL Results)

Time Linear mixed model
Pre Post Time  Group Time x Group
Outcome Group EM 95%CI  EM = 95%CI P- P- P-value

value value
Amplitude left (%) Air 54 [43,65] 56 @ [45,67]
Water 52 [41,62] 60 | [50,70] @ 0.133 0.900 0.338
Mucosal wave right (%) Air 52 [31,73] 59 | [38,81]
Water 52 [31,73] | 50 @ [29,71] @ 0.581 0.718 0.400
Mucosal wave left (%) = Air 66  [50,82] 64 | [48,80]
]

Water 50  [35,65] 55 [40,70] 0.779  0.193  0.516

Supraglottic activity AP = Air 1.7 [0.3, 1.8 [0.5,
3.0] 3.2]
Water | 1.5 | [0.1, 1.3 [0.0, >0.999  0.696 0.605
2.9] 2.7]
Supraglottic activity Air 2.0 [L.1, 1.5 [0.6,
ML 2.9] 2.2]
Water 1.0  [0.1, 0.8  [0.0, 0.110 0.181 0.401
1.9] 1.8]

Phase symmetry (%) Air 78 51,105 74  [47,101
Water 73 [48,98] | 70 | [45,95] @ 0.654 0.784 0.967

EM: estimated mean, CI: confidence interval, AP: anteroposterior, ML: mediolateral;

indicates a significant within-group effect: posthoc pairwise comparison ‘pre’ vs ‘post’ (P < 0.05)

Short-term effects after SP

Short-term effects of the SP-in-air or water session determined with rigid SVL for the
continuous data are presented in Table 3. Linear mixed model analyses showed no significant
Time % Group interactions for any of the outcome parameters, indicating no significant
different evolution pre- to posttherapy between the SP-in-air and the SP-in-water group.



TABLE 4. Immediate Effects during SP in Air or Water on Vocal Fold Vibration and Supraglottic Activity: Continuous Data (Flexible SVL Results)

Outcome
Amplitude left (%)

Mucosal wave right (%)
Mucosal wave left (%)
Supraglottic activity AP
Supraglottic activity ML

Phase symmetry (%)

Group
Air
Water
Air
Water
Air
Water
Air
Water
Air
Water
Air
Water

Phonatory Condition

Without straw
EM 95%CI
47 [39, 54]
56 [48, 64]
63 [49, 77]
66 [51, 81]
57 [51, 64]
71 [64, 79]
1.5 [0.8,2.2]
1.4 [0.6,2.2]
2.2 [1.3,3.0]
1.2 [0.3,2.1]
77 [58, 96]
74 [53,95]

With straw
EM 95%CI
55 [47, 63]
49 [41, 57]
67 [53, 81]
66 [51, 81]
68 [61, 74]
67 [60, 75]
1.8 [1.1,2.6]
2.0 | [1.2,2.8]
1.5 [0.7,2.3]
1.6  [0.7,2.5]
76 [56, 97]
65 [44, 86]

Phonatory Condition
P-value

0.712

0.729

0.253

0.225

0.550

0.510

EM: estimated mean, CI: confidence interval, AP: anteroposterior, ML: mediolateral

xindicates a significant fixed effect (P < 0.05)

indicates a significant within-group effect: posthoc pairwise comparison ‘without straw’ vs ‘with straw’ (P < 0.05)

10

Linear mixed model

Group Phonatory Conditon X Group

P-value

0.836

0.908

0.102

0.929

0.439

0.557

P-value

0.037*

0.729

0.024*

0.724

0.035*

0.541



TABLE 5. Results of the nominal data for each subject in each condition (pre and post SP session, without or with straw)

Outcome
Glottal closure

Vertical level
11

Group Subject

Air

Water

Air

Water

1

O 03N LN B~ W

Time Marginal homogeneity test
Pre Post P-value
hourglass anterior gap 0.317
hourglass hourglass
/ /
hourglass hourglass
/ incomplete
hourglass hourglass
hourglass hourglass >0.999
posterior gap = posterior gap
posterior gap = posterior gap
spindle gap  spindle gap
complete complete
posterior gap = posterior gap
on-plane on-plane >0.999
on-plane on-plane
/ /
on-plane on-plane
on-plane on-plane
on-plane on-plane
on-plane on-plane >0.999
on-plane on-plane
on-plane on-plane
on-plane on-plane
/ on-plane
on-plane on-plane

Phonatory Condition
Without straw =~ With straw

complete
posterior gap
complete
posterior gap
posterior gap
complete
hourglass
posterior gap
posterior gap
/

complete
posterior gap
on-plane
on-plane
on-plane
on-plane
on-plane
on-plane
on-plane
on-plane
on-plane

/

on-plane
on-plane

/: missing data due to insufficient visibility and/or disagreement between raters (three different categories rated)

11

/

posterior gap
complete
posterior gap
/

/

/

posterior gap
posterior gap
/

complete

/

on-plane
on-plane
on-plane

/

on-plane
on-plane
on-plane
on-plane
on-plane

/

on-plane
on-plane

Marginal homogeneity test
P-value
>0.999

>0.999

>0.999

>0.999



Within-group posthoc tests revealed significantly increased left amplitude in the SP-in-water
group (+8, P = 0.049) and significantly decreased mediolateral supraglottic activity in the SP-
in-air group (-0.5, P = 0.047). Marginal homogeneity tests showed no significant short-term
effects of the SP-in-air or water session for the nominal data (P > 0.05, Table 5).

Immediate effects during SP

Immediate effects during SP in air or water determined with flexible SVL for the continuous
data are shown in Table 4. Linear mixed model analyses showed a significant Phonatory
condition x Group interaction for amplitude left, mucosal wave left and mediolateral
supraglottic activity. Within-group posthoc tests revealed significantly increased left
amplitude (+8, P = 0.049) and mucosal wave (+11, P =0.047), and significantly decreased
mediolateral supraglottic activity (-0.7, P = 0.045) in the SP-in-air group. Marginal
homogeneity tests showed no significant immediate effects of SP in air or water for the
nominal data (P > 0.05, Table 5).

Discussion

First, this study aimed to investigate the short-term effects after a SOVT therapy session
consisting of SP in air or water on vocal fold vibration and supraglottic activity of adult
patients with voice disorders, visualized with SVL. Second, immediate changes occurring
during the exercises were determined.

Due to lower transglottic pressure, reduced vibrational amplitude could be expected during
SP.1%13, 14, 15, 16, 17, 18, 19* A trend suggesting this phenomenon was noted in the SP-
in-water group (non-significantly decreased left amplitude: mean decrease from 56% to
49%), which indicates lower vocal fold impact stress that offers promising vocal training and
rehabilitation opportunities with minimal risk of phonotraumatic reactions.'®13, 14, 15, 16,
17, 18, 19 The current results are consistent with two recent studies using high-speed rigid
videolaryngoscopy during water resistance therapy with a flexible silicone tube.'®*3 Guzman
et al'® found a lower amplitude-to-length ratio (ratio between the vibrational amplitude and
the length of the vocal folds) in most of the healthy participants studied, and Laukkanen

et al> noted a diminished maximum glottal width and decreased glottal amplitude in a
healthy, vocally trained male singer. Lack of significance in the current study might be due to
the low sample size and/or the heterogeneity in voice diagnoses. Due to poor interrater
reliability, it is unknown whether a similar decrease occurred in the right amplitude.

Surprisingly, opposite results were found for SP in air, with a significantly increased left
vibrational amplitude (mean increase from 47% to 55%) and mucosal wave (mean increase
from 57% to 68%) during the exercise. It can be hypothesized that a drinking straw in air did
not create sufficient supraglottic pressure and got overpowered by the subglottic pressure
produced by the participants, resulting in an increased transglottic pressure. Maxfield et al®
investigated the intraoral pressure produced by 13 different SOVT exercises. Based on their
results, the authors assumed that straws with diameters larger than 3.5 mm in air might not
produce sufficient intraoral pressure for efficient and effective voice therapy. Nevertheless, it
should be noted that the increase in vibrational amplitude during SP in air was relatively
small and remained within the expected range (40 — 60%).!® Furthermore, the baseline
amplitude was lower in this group. Dargin et al'® also found an increased amplitude and
mucosal wave in one and an increased mucosal wave in two of the four vocally healthy
singers during SP with a drinking straw in air.
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For voice training and rehabilitation purposes, it is important that positive effects remain
during non-SOVT phonation. After the SP-in-water session, however, the left amplitude was
rated significantly higher compared to baseline (mean increment from 52% to 60%). The
lower vocal fold impact stress found during the exercise seems not to be transferred to non-
SOVT phonation after practicing for 15 min. A higher vibrational amplitude during and after
SOVT exercises has been observed in earlier studies.52, 53, 54 An increase in vibrational
amplitude is often linked to more respiratory and glottal effort> and therefore might be
related to voice fatigue. A good marker suggesting risk for voice fatigue seems to be a rise in
phonation and collision threshold pressure.56, 57, 58, 59 Such rise has been found by Enflo
et al® after 2 min of water resistance therapy (glass tube, 1 = 27cm, o = 9mm, 1-2 cm below
water surface) in vocally healthy mezzo-sopranos. The authors speculate about whether these
findings are a sign of voice fatigue or improved phonatory function. They suggest the latter
by comparing their results to those of a vocal loading experiment>: the increments after
water resistance therapy were less prominent, voice quality improved instead of worsened,
and comfort was reported instead of fatigue. More phonatory comfort also has been reported
by patients with dysphonia after a water resistance therapy program.>*

Whether the increment in vibrational amplitude after SP in water is a sign of voice fatigue or
voice efficiency remains open for debate. Dargin et al'® stated that an increment in amplitude
within the expected range (40 — 60%) might indicate more efficient vocal fold vibration,
which consequently should be the case for the current increment (52 — 60%). Menezes et al>?
also interpreted the increased vibrational amplitude after 3, 5 and 7 min of lip trills compared
to baseline in vocally healthy men as a beneficial phonatory effect. However, in the current
study, voice fatigue cannot be excluded for several reasons: patients with dysphonia were
included who might be more vulnerable, a straw was used instead of a tube providing extra
flow resistance, and the session lasted 15 min which is a relatively long practice time in the
SOVT literature. Laukkanen et al®> assume that water resistance therapy may cause
symptoms of voice fatigue if performed for an excessively long time. Performance time has
empirically been explored for SP in air in dysphonic women®! and dysphonic children.** Both
studies suggest an ideal duration between 3 and 5 min, as from 5 min on, some voice
parameters deteriorated.>*°! However, these findings are not fully generalizable to the current
study due to differences in straw diameter (1.5 mm versus 5 mm). Further, Menezes et al>
recommend a maximum of 3 min for vocally healthy women and 5 min for vocally healthy
men when performing tongue trills, as sensations of discomfort increased with performance
time. In dysphonic women, vocal tension tends to increase and voice quality decreased after 7
min of tongue trills.®> With these findings in mind, it can be questioned whether practice time
was too long in the current study. Nevertheless, it was the specific purpose of this research to
investigate the effect of an SOVT therapy session, and 15 min is a realistic duration
resembling clinical practice. Also, the increased vibrational amplitude could result from
continuation of the rise in subglottic pressure needed to overcome the higher airflow
resistance during SP in water.63, 64, 65 The higher the resistance a semi-occlusion offers, the
more subglottic pressure a subject needs to start and sustain phonation.?’? Subjects in the
SP-in-water group perhaps simply maintained that high subglottic pressure after doing so for
15 min. It then seems logical that this was not the case for the other group as subjects needed
lower subglottic pressure to overcome the semi-occlusion and resistance of the drinking straw
in air.’? This hypothesis was supported by recent results of Kang et al**#! who found
decreased phonation threshold pressure after SP with a drinking straw in air, implying vocal
ease instead of fatigue. Due to the rather ambiguous effects of SP in air and water on the
vibrational amplitude of patients with dysphonia, more research on this topic is advisable.
Finally, it should be noted that amplitude and mucosal wave covary with pitch and loudness.
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Although subjects were asked to phonate at a habitual pitch and loudness, it is recommended
to control these variables better in future research.

Based on earlier human efficacy and computational modeling studies, epilarynx tube
(aryepiglottic) narrowing in the AP dimension is expected to occur during SOVT
phonation. 111845 A trend suggesting this increase was visible in both groups and was more
prominent during SP in water. Guzman et al* also found narrower AP laryngeal compression
in the conditions with the highest airflow resistance, ie, a drinking straw in water and a long
stirring straw in air, compared with less resistive SOVT exercises. Although supraglottic
compression often is associated with laryngeal hyperfunction, epilarynx tube narrowing can
be beneficial for phonation by improving vocal economy (ratio of output to effort).!>!34566,
67, 68 It has been demonstrated that AP laryngeal compression is correlated highly with
larynx lowering and pharynx widening, which are favorable phonatory configurations and
frequent goals in voice therapy and singing pedagogy.* Vertical laryngeal position and
pharyngeal area were not evaluated in the current study, but earlier SOVT studies included
these measurements. Guzman et al* found a lower larynx and wider pharynx visualized with
flexible laryngoscopy during several SOVT exercises (including SP in air and water) in
patients with hyperfunctional dysphonia. A lower larynx and wider hypopharynx also were
measured with CT during and immediately after SP and tube phonation in air in a male
classically trained singer.!> Case studies of Laukkanen et al*} and Guzman et al'> reported
widening of the lower pharynx over the epilarynx measured via MRI or CT in a healthy
vocally trained female subject and a male classically trained singer during and immediately
after SP in air. An increased ratio between pharyngeal and epilaryngeal tube opening
contributes to the singer's and speaker's formant (ie, a formant cluster between F3 and F5),
which consequently leads to more output without increasing vocal effort, ie, more vocal
economy.!>1843:66, 67, 68

The ultimate goal of SOVT therapy is to maintain that higher vocal economy during non-
SOVT phonation. Titze' highlighted the importance of the epilarynx in the process of transfer
to non-SOVT phonation. The hypothesis is that the vocalist wants to hold on to the sensation
of resistance and back pressure associated with a SOVT and therefore retains some epilarynx
narrowing in the transfer process. In other words, the epilarynx could serve as an impedance
matcher between the vocal folds and the vocal tract in trained speakers and singers, and
SOVT exercises may assist in the awareness of this impedance matching.!%7-¢ Nevertheless,
no retention of the rise in AP supraglottic activity after the SOVT session could be
documented in the current study. This is not surprising as this transfer process is the result of
frequent practice and might not be expected after only one therapy session.!** In this study,
no information is available on the ratio between pharyngeal and epilaryngeal tube opening,
and therefore no definite conclusions about transfer and impedance matching after therapy
can be made.

Although AP supraglottic compression can be a sign of economic voice use, authors and
clinicians mostly agree that ML compression is a sign of hyperfunction and should therefore
be avoided or eliminated.'®’° Muscle tension dysphonia was diagnosed in 66.6% (8/12) of the
participants with an equal distribution (4/6) between the two groups. Consequently, some ML
compression was present at baseline, which seemed more prominent in the SP-in-air group
(EM 2.0) than in the SP-in-water group (EM 1.0). A desired and significant decrease in ML
compression was found both during and after SP in air. In other words, SP in air led to less
false vocal fold adduction. It seemed that for this parameter, transfer to non-SOVT phonation
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did occur. Oliveira Maia et al ”! also found less ML laryngeal compression immediately after
high-pitched blowing SOVT exercise in women with and without voice complaints.

A similar decrease of ML compression did not occur in the SP-in-water group. On the
contrary, a small non-significant increase was measured during the exercise. It can be
hypothesized that this increase was a compensatory response to the extra resistance of the
water. Earlier EGG studies suggested an increased contact quotient and consequently
potentially higher impact stress during water resistance therapy in vocally healthy and
dysphonic subjects.???? Yet, other studies, suggest lower impact stress during water resistance
therapy (tube phonation in water) by measuring an increased open quotient or a decreased
closed quotient with high-speed videolaryngoscopy in vocally healthy!'®7? and dysphonic®
subjects. A recent study by Laukkanen et al 2 found slower closing of the glottis during the
exercise in a healthy trained singer, again suggesting lower impact stress. These contradictory
results can be due to variability in subjects (healthy versus dysphonic), assessment methods
(EGG versus high-speed videolaryngoscopy) and water depths. Furthermore, in the current
study, a straw instead of a tube was submerged under water. It is possible that the supraglottic
resistance created by the combination of a small diameter and water submersion led to a rise
in impact stress, and consequently some increase in ML compression. This is consistent with
Guzman et al '°2>3? and Laukkanen et al>> who found higher closed quotients/smaller open
quotients with deeper immersion depths compared with shallower immersion depths, smaller
tubes compared with wider tubes, and longer tubes compared with shorter tubes. Independent
of the rationale, it is unsure whether this small increase in ML compression during SP in
water should be seen as something harmful as it was only temporary and not detectable
during non-SOVT phonation after the therapy session. Notwithstanding, the hypothesis that
SP in water might lead to less muscle tension due to the ‘massage-like’ effect of the water
bubbling®2?* was not supported by the current results. However, the smaller baseline values
for ML compression in this particular group may not have allowed further decrease for this
variable.

SOVT exercises are expected to lead to barely abducted/adducted vocal fold, that is vocal
folds that are just touching. Even in 1989, Sovijarvi et al’® assumed that water resistance
therapy improved vocal fold closure. Improved glottal closure has been achieved by several
SOVT exercises, including humming’#, high-pitched blowing”!, tongue trills*?, and lip trills.”
The current study does not add to this list, as glottal closure remained stable for all subjects
both during and after SP, except for one subject in the SP-in-air group (who evolved from an
hourglass gap before to an anterior gap after therapy). However, it should be acknowledged
that glottal closure was rated as a nominal variable, with a selection of one out of seven
categories, as prescribed in the VALI-form.*¢ Therefore, it is possible that minimal
improvements in glottal closure were not detected. Future studies with larger sample sizes
and specific subgroups of patients with a similar baseline glottal gap/closure should clarify
this possibility.

While interpreting the current results, it should be noted that parameters were rated
differently (‘post’ condition compared to ‘without straw’ condition) depending on whether a
rigid or flexible endoscope was used. This might be due to the assumption that rigid SVL
offers superior image quality and diagnostic ability over flexible SVL.”%7” This superiority,
together with the clinical routine of the researchers, was the reason why a rigid endoscope
was used to determine the short-term effects of the SOVT therapy program. As SP can only
be performed during flexible SVL, some discrepancy in video ratings for the two purposes of
the study due to the use of different scopes cannot be excluded.

15



Another limitation of this study is that raters were not trained specifically to use the VALI
form. The authors of the form*® suggest a training of 2-2.5 hours with video examples of the
end point for each feature. In the current study, the raters were instructed about the use of the
VALI form and had access to the definitions and graphics for each parameter, although no
video examples were provided. Poor inter and/or intrarater reliability for almost half (7/15) of
the parameters might be a consequence of this limited training. However, in the study of
Poburka et al*®, the same number of parameters showed poor inter (glottal closure, vertical
level, free edge contour right/left) or intrarater (mucosal wave right, supraglottic activity
AP/ML) reliability, despite the form-specific training. The authors found higher reliability for
the VALI form when high-speed videoendoscopy was used, which might be of importance
for future research. Also, a consensus evaluation between raters could have provided reliable
results for the parameters with poor interrater reliability. In general, visual-perceptual ratings
remain subjective in nature. Although standardizing the evaluation is crucial, and forms as
VALI are needed for both clinical and research aims, visual-perceptual ratings remain
extremely difficult.

Final important limitations of the current study are the low sample size and the heterogeneity
of voice diagnoses. Of course, the effect of different voice pathologies on voice production is
not homogenous.®* The oscillation pattern at baseline differed for each subject, which makes
it difficult to find clear group effects of the interventions. Furthermore, it has been
demonstrated previously that subjects react differently to a specific SOVT exercise and
increased airflow resistance.*%!%19:33.65 To obtain the most favorable therapeutic effects, it
appears that the semi-occlusion must provide airflow resistance similar to that produced by
the glottis itself, which in turn will depend on the voice pathology.® Therefore, future larger-
scale efficacy studies on subgroups of patients are needed to establish diagnosis-specific
SOVT treatment.

Conclusion

In conclusion, this study is unique as it is the first study that uses a randomized clinical trial
to investigate group effects of SP in air or water on vocal fold vibration and supraglottic
activity, determined by SVL. A trend of reduced vibrational amplitude was noticed during SP
in water, which suggests decreased vocal fold impact stress and therefore creates an ideal
basis for voice training and therapy. During SP in air, however, vibrational amplitude and
mucosal wave increased, which might possibly indicate insufficient supraglottic pressure to
obtain the favorable effects of semi-occlusion. After the therapy session, vibrational
amplitude did not differ from baseline in the SP-in-air group but rose in the SP-in-water
group. Whether or not this rise is due to voice efficiency or voice fatigue remains open for
debate. Due to the rather ambiguous effects of SP in air and water on the vibrational
amplitude of patients with dysphonia, more research on this topic is advisable.

SP in air led to a significantly reduced supraglottic mediolateral compression both during the
execution and after the therapy session, indicating less false vocal fold adduction and
consequently less hyperfunction. A trend toward higher anteroposterior supraglottic
compression, which is expected to be due to desired epilarynx narrowing, was visible both
during SP in air and SP in water, being more prominent in the latter. This finding was not
noted after the session, which suggests lack of transfer. Future research should include a
larger sample size and focus on specific subgroups of patients. Further, high-speed imaging
and a consensus evaluation between raters might increase the validity of the visual-perceptual
assessment. Importantly, long-term effects of SOVT therapy on vocal fold vibration and
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supraglottic activity require further attention to help guide SOVT protocols and therapy
duration, and to define better the efficacy of SOVT exercises.
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