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ORIGINAL ARTICLE
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Musicians’ Medicine, Freiburg University Medical Center, Freiburg, Germany; eDepartment of Otorhinolaryngology and Phoniatrics—Head and
Neck Surgery, Helsinki University Central Hospital, University of Helsinki, Helsinki, Finland; fDepartment of Otolaryngology, University of Chile,
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ABSTRACT
Purpose: This study investigated the influence of tube phonation into water on vocal fold vibration.
Method: Eight participants were analyzed via high-speed digital imaging while phonating into a silicon
tube with the free end submerged into water. Two test sequences were studied: (1) phonation pre, dur-
ing, and post tube submerged 5 cm into water; and (2) phonation into tube submerged 5 cm, 10 cm,
and 18 cm into water. Several glottal area parameters were calculated using phonovibrograms.
Results: The results showed individual differences. However, certain trends were possible to identify
based on similar results found for the majority of participants. Amplitude-to-length ratio, harmonic-to-
noise ratio, and spectral flatness (derived from glottal area) decreased for all tube immersion depths,
while glottal closing quotient increased for 10 cm immersion and contact quotient for 18 cm immersion.
Closed quotient decreased during phonation into the tube at 5 cm depth, and jitter decreased during
and after it.
Conclusion: Results suggest that the depth of tube submersion appears to have an effect on phon-
ation. Shallow immersion seems to promote smoother and more stable phonation, while deeper immer-
sion may involve increased respiratory and glottal effort to compensate for the increased supraglottal
resistance. This disparity, which is dependent upon the degree of flow resistance, should be considered
when choosing treatment exercises for patients with various diagnoses, namely hyperfunctional or
hypofunctional dysphonia.
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Introduction

Water resistance therapy includes phonation of a sustained
vowel sound into a tube with the distal end submerged in
water. The therapeutic process consists of several steps
occurring during sessions throughout a period of weeks. At
the beginning of water resistance therapy, the patient uses a
limited pitch range for the first week(s) of training (1).
Gradually, the patient starts to use a more varied intonation
such as glides and simple intervals in a glissando mode. The
patient is asked to keep the phonation stable and to follow a
normal and comfortable breathing pattern in all exercises.
Optimal body posture and breath control are also important
aspects in water resistance therapy (1).

Two main versions of water resistance therapy have been
used: (1) Phonation into a traditional Finnish resonance tube
(made of glass, 24–28 cm in length with an 8–9 mm inner
diameter) that is submerged in a bowl of water (2); and (2)
The Lax Vox technique, which involves phonation into a
flexible silicone tube (35 cm in length with an inner diameter
of 9–12 mm) that is submerged into a water-filled bottle (3).
In both versions of water resistance therapy, the tubes are

kept approximately 1 mm between the teeth, with the lips
rounded so that no air leaks from the mouth (1). In the glass
tube method, tubes are kept 1–2 cm or 5–15 cm below the
surface of the water, depending on the patient’s needs. With
the Lax Vox method, the participant is instructed to keep the
tube 1–7 cm in water for voice therapy (3). In both techni-
ques, the patient is asked to feel vibratory sensations in the
anterior areas of the facial tissues. According to Titze (4),
vibration sensations on these areas are related to the effi-
ciency of the energy conversion process at the glottis.

Although water resistance therapy requires regular prac-
tice for at least several weeks, most relevant studies have
been performed using tube phonation for a short period of
time (seconds or minutes). Some of these studies have been
designed to investigate changes in the glottal function or
aerodynamic measures of phonation (5,6), while others have
looked for changes in the vocal tract configuration (7).

The possible effect of resonance tube phonation in water
on phonation threshold pressure and collision threshold
pressure (CTP) was studied by Enflo et al. (6). CTP was
found to be higher and the voice quality was perceived to be
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better after the exercise. The perceptual changes were more
prominent in singers who did not practice singing daily and
in singers who had less experience in singing in general (6).

According to the recent in vivo measurements by Radolf
et al. (8) the mean oral pressure increased about 4 times in
habitual comfortable phonation and about 9 times in soft
phonation, when the subject was phonating into a resonance
tube inserted 10 cm in water. The subglottic pressure doubled
in normal phonation and quadrupled in soft phonation, thus
the subject compensated for the increase in supralaryngeal
resistance. Fundamental frequency (F0) decreased 11–15 Hz.
Comparable results were obtained by Hor�aček et al. (5) using
a physical model of voice production. Flow rate was set con-
stant in modeling. Oral pressure increased 10 times with a
resonance tube 10 cm in water, and subglottic pressure had
to be increased 1.4 times to keep the flow rate constant.
Flow resistance increased 1.5 times. F0 remained constant.
Larger changes were observed for soft phonation, and F0
decreased 38 Hz (19%).

Bubbles produced during phonation through a tube in
water generate a pulsating oral pressure at a frequency of
15–40 Hz (5,8). Therefore, phonation into water may cause a
sensation of massage on the laryngeal and pharyngeal tissues.
A massage-like effect with reduction of muscle hypertension
could be desirable in patients with voice disorders, especially
in subjects diagnosed with laryngeal and pharyngeal hyper-
functionality. It has been hypothesized that a massage-like
effect during phonation into water could also increase blood
flow in the vocal folds. This assumption is supported by evi-
dence from the field of sports medicine indicating that mas-
sage increases blood flow in muscles and skin (9–11). Other
semi-occluded exercises such as tongue and lip trills may
have a comparable effect due to the oscillation of oral pres-
sure produced by tongue and lip vibration (12,13). Even
though the massage-like sensation of bubbling via tube phon-
ation into water has been clinically reported, to date there
are no data supporting the hypothesis of a massage-like
effect on the vocal folds or vocal tract.

Enflo et al. (6) stated that during phonation in the reson-
ance tube in water the water bubbles generate oscillations of
oral pressure, EGG, and audio signals. Specifically, oscillation
of values of oral pressure modifies the transglottal pressure
(which drives the vocal folds) and this, in turn, produces
changes in the EGG signal amplitude. The results of the in
vivo study by Radolf et al. (8) showed about 2–4 times
higher peak-to-peak variation in oral pressure with the tube
immersed 10 cm in water, compared to phonation on [u:]
(larger increase for soft phonation). Contact quotient, meas-
ured from the EGG signal, increased 11% in habitual phon-
ation. According to the modeling experiments by Hor�aček
et al. (5) phonation at conversational loudness resulted in 2.2
times larger peak-to-peak pressure variation and 1.6 times
larger glottal amplitude variation with the tube submerged
10 cm in water, compared to phonation on [u:]. Thus, the
modulation of oral pressure during bubbling (tube phonation
into water) seems to have an effect on vocal fold oscillation
and possibly on vocal fold tissues. A recent high-speed imag-
ing study, designed to investigate tube phonation, reported
modulations of vocal fold vibration and EGG signal due to

back pressure when the tube was held in water. Increased
mean value of open quotient with increasing water depth
was also reported (14).

Earlier investigations support the association between
EGG contact quotient and the degree of vocal fold impact
stress. When impact stress increases (stronger collision
between the vocal folds during vibration), the vocal folds
also tend to stay together for longer intervals, thus increasing
the value of contact quotient or decreasing the value of open
quotient (15).

Guzman et al. (7) evaluated via flexible laryngoscopy the
effect of eight different semi-occluded vocal tract postures on
vertical laryngeal position (VLP), pharyngeal constriction,
and laryngeal compression in subjects diagnosed with hyper-
functional dysphonia. All semi-occluded techniques produced
a lower VLP, narrower aryepiglottic opening, and a wider
pharynx than in a resting position. More prominent changes
were obtained with tube phonation into water 3 cm and
10 cm deep compared to the other semi-occluded exercises
that did not involve water. Sovij€arvi et al. (16) assumed that
the positive outcomes of phonation into a resonance tube in
water are due to the efficient lowering of the larynx and an
improved vocal fold closure. Sovij€arvi stated that the length
of the tube and depth into the water should be chosen so
that a clear lowering of the larynx would occur during the
exercise. The goal after the exercise, however, is normal voic-
ing with a neutral (not lowered) larynx (17–19).

Water resistance exercising precipitates changes in self-
assessment of voice. Paes et al. (20) studied the immediate
effects of it on teachers with behavioral dysphonia. The
Finnish resonance tube immersed 2 cm into water was used.
Significantly greater phonatory comfort and improved per-
ceptual voice quality after the exercises were reported by the
subjects. Less spectral noise in the acoustic signal and lower
fundamental frequency were also observed (20).

Only two longitudinal studies have been conducted using
the water resistance therapy. Positive results have been
obtained in the treatment of behavioral dysphonia (21,22).
Perceptual assessment and results from a questionnaire on
the occurrence of vocal symptoms revealed significant
changes in the treatment group compared with the control
group (21).

Several visualization techniques of vocal fold vibration
have been used in the diagnosis of laryngeal disorders and in
the investigation of normal voice production. High-speed
imaging (HSI) has emerged as an effective method of visual-
ization during the last decades (22). Commercial HSI systems
record images of sustained vocal fold vibration at the rate of
2,000 to 10,000 frames per second, which is fast enough to
capture the actual phonatory vibrations of the vocal folds
(23,24). For research, however, it was shown that using flex-
ible endoscopy high-speed recordings are possible with a
frame rate up to 20,000 frames per second, which allows
more detailed analysis (24). To obtain precise and objective
information from HSI videos, several methods have been
developed. Phonovibrography is a fast, robust, and precise
image-processing strategy to extract information of the
vocal fold movements during phonation (25). The method
detects the vocal fold edges and transfers their movement
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into a static geometric presentation (phonovibrograms).
Several glottal variables can be calculated from phonovibro-
grams (26).

The present study aimed to observe the influence of tube
phonation into water on vocal fold vibration by using high-
speed digital imaging and phonovibrography. Specifically, we
attempted to answer two questions: (1) Is there any influence
of tube phonation into water on vocal fold vibration; and (2)
Does immersion depth affect vocal fold vibration? We
hypothesize that: (1) phonation into water causes modulation
in glottal variables; (2) the modulations imply a decrease in
the average values of closed quotient, amplitude-to-length
ratio, perturbation, noise-to-harmonic ratio, and spectral flat-
ness; (3) the average parameter change observed during
water resistance exercising remains in vowel phonation after-
wards; (4) the effect is stronger when the immersion is
deeper than 5 cm; and (5) deeper than 10 cm immersion in
water would promote more glottal compensation for
increased airflow resistance (more adducted focal folds and
increase of closed quotient), and therefore higher impact
stress than shallower immersion.

Methods

Participants and phonatory tasks

Eight volunteer participants (five male and three female)
were analyzed using high-speed digital imaging. All partici-
pants reported normal voice and hearing at the time of the
experiment. The health of the larynx was ascertained through
laryngoscopy. Four participants were trained singers; one
participant reported experience in speech training, and three
had no voice training. The age range of the participants was
23–45 years.

Two test conditions were studied:

1. The sequence for the first condition was: phonation pre,
during, and post tube submerged 5 cm into water. In
this sequence, subjects were asked to produce a sus-
tained and stable vowel [i:] before and after phonation
into the tube. Each individual phonation sample was
produced for approximately 5 seconds. Successive
sequences of tube phonation were produced for
5 minutes to gain a possible training effect. A flexible
silicone (Lax Vox-like) tube (45 cm in length, 2 cm in
inner diameter) was used. Participants were asked to
phonate at a comfortable pitch and vocal loudness in all
three tasks.

2. The sequence for the second condition consisted of three
5-second tube phonation samples with the tube sub-
merged 5 cm (taken from the previous sequence), 10 cm,
and 18 cm into water. Participants were asked to use the
same comfortable pitch produced in the first sequence
for these trials.

Samples of the vocal fold vibration were obtained pre,
during, and post tube phonation via a rigid endoscope
attached to a plastic mouth piece. The flexible tube was also
attached to the same mouth piece (Figure 1). The mouth

piece was maintained between the rounded lips, so that no
air would leak from the mouth; the free end of the tube was
kept submerged in the water as an extension of the vocal
tract. Three marks were made on the water container at
5 cm, 10 cm, and 18 cm, to help in maintaining the appropri-
ate depth of immersion. A grand piano was used to give the
pitch, which was auditorily monitored by one of the authors
(M.G.). Only one recording per phonatory task was per-
formed for each participant. A total of five samples were
obtained from each participant (pre tube, phonation during
tube submerged 5 cm, post tube, phonation during tube sub-
merged 10 cm, and phonation during tube submerged
18 cm). In each sample, participants phonated for approxi-
mately 5 seconds. However, only 1 second of phonation was
captured by the high-speed camera. The captured samples
were obtained from the mid-portion of each phonatory task.

Instrumentation

Data collection was performed in a room typically used for
clinical laryngoscopic assessment of voice. Laryngeal endo-
scopic procedure was performed using a HRES-Endocam
5562 system (Fa. Wolf, Knittlingen, Germany) coupled with
a 90� rigid endoscope (Fa. Wolf, Knittlingen, Germany). This
system also includes software for digital storing of the
recordings. The high-speed camera allows recording of 4,000
frames per second with a pixel resolution of 256� 256. For
illumination, a 300-W xenon light source (Auto-LP 5131,
Richard Wolf, Knittlingen, Germany) was used. To prevent
tissue overheating during the recordings, the duration of light
exposure was kept at a minimum. No calibration of the
images could be performed. Laryngoscopic procedures were
performed by a laryngologist and a phoniatrician, both co-
authors of this study (M.E. and A.G.). Participants were
required to stay in standing position during examinations,
and no topical anesthesia was used.

Image processing

Phonovibrography was used to extract information of the
vocal fold movements during phonation. For each sample,
1,000 frames (250 ms) of the high speed material were ana-
lyzed using the custom-made Phonovibrogram Software Tool
(Glottal Analysis Tools v5, Michael D€ollinger and Denis

Figure 1. General view of the experiment setting during high-speed registration.

LOGOPEDICS PHONIATRICS VOCOLOGY 101



Dubrovsky, Department of Phoniatrics and Pedaudiology,
Medical School Erlangen, Germany). The excerpts for the
analyses were chosen from the part of the samples where
phonation was stable, excluding the onset and offset of voice.
There was no randomization in the analyses. The glottis area
was first segmented in a single frame and semi-automatically
transferred to the other frames. In the next step the glottal
length axis was constructed, and a phonovibrogram was
established as described before (27).

Glottal area variables

The following glottal variables were derived from all high-
speed registrations as described in the literature (28). These
parameters were chosen due to the fact that most of them
have been used in earlier studies. Moreover, these parameters
do not require calibration of the images from pixels into
area.

� Amplitude-to-length ratio (A-LR): ratio between vibra-
tional amplitude at the center of the vocal folds and the
length of the vocal folds.

� Closed quotient (CQ): ratio between closed phase and the
entire glottal period.

� Closing quotient (ClQ): ratio between closing phase and
entire glottal period.

� Fundamental frequency (F0): number of cycles of vocal
fold vibration per second.

� Harmonic-to-noise ratio (HNR): relation between har-
monic energy and noise energy.

� Spectral flatness (SF): spectral declination or spectral tilt
(frequency range from 0 to 2,000 Hz). Flatness is maximal
for white noise.

� Jitter%: frequency perturbation in percentage.
� Shimmer%: amplitude perturbation in percentage.

It is worth noting that, even though HNR, SF, jitter, and
shimmer are often calculated from acoustic signals, in the
present study these parameters were calculated from glottal
area variation.

Only descriptive statistics were calculated for the variables,
including median and interquartile range. We analyzed the
trend of values for all parameters and phonatory tasks with-
out using hypothesis testing to avoid lack of statistical power
due to small sample size. All analyses and graphics were
performed using Stata 13.1 (StataCorp, College Station,
TX, USA).

Results

Tables 1 and 2 show median and interquartile ranges for
sequence 1 and 2, respectively. Moreover, results are pre-
sented below in terms of the observed trends among partici-
pants, i.e. when similar changes (compared to vowel
phonation) were observed for the majority (five or more) of
the participants. Figures 2 and 3 summarize the trends for
sequence 1 and 2, respectively.

First sequence: phonation pre, during, and post tube
submerged 5 cm into water

During phonation into a tube submerged in water to a depth
of 5 cm, CQ decreased (5 of 8 participants) compared to
baseline condition, HNR decreased (6 participants), spectral
flatness decreased (5 participants), A-LR (right and left vocal
folds) decreased (5 and 6 participants, respectively), F0
increased (6 participants), and jitter decreased (5 partici-
pants). Thus phonation seemed to be less tight, softer, a bit
more noisy, and yet more stable. After phonation into tube
5 cm in water there was an increase in CQ (6 participants),
ClQ (5 participants), HNR (5 participants), and F0 (5 partici-
pants) and a decrease in jitter (5 participants). Thus, it seems
that phonation was tighter, and the voice was less noisy and
more stable.

Second sequence: tube submerged 5 cm, 10 cm, and
18 cm into water

CQ decreased with the tube 5 cm in water (5 participants),
increased during phonation into a tube submerged in water
to a depth of 18 cm (6 participants), ClQ increased during
phonation into a tube submerged in water to a depth of
10 cm (6 participants), HNR and A-LR decreased for all tube
depths (6 and 5 participants, respectively), jitter decreased
for the tube 5 cm in water (5 participants) and increased for
the tube 10 cm in water (5 participants), and F0 increased
for the tube 5 cm and 10 cm in water. SF decreased during
tube submerged 5 cm, 10 cm, and 18 cm below the water sur-
face (5 participants for each condition). These findings seem
to imply less tight phonation for the tube 5 cm in water,
while the results for deeper immersion are more difficult to
interpret. Decreased A-LR, HNR, and SF seem to imply
softer phonation (less collision between the vocal folds),
while increased ClQ and CQ suggest the opposite.

Table 1. Medians and interquartile ranges for glottal area parameters pre,
during, and after tube phonation submerged 5 cm in water (sequence 1).

Parameter Pre 5 cm During 5 cm Post 5 cm

F0 198 ± 89 222 ± 60 216 ± 110
HNR 15 ± 3 14 ± 3 16 ± 8
Jitter 4 ± 4 3 ± 2 2 ± 2
Shimmer 0.3 ± 0.2 0.4 ± 0.5 0.4 ± 0.5
SF –20 ± 4 –17 ± 3 –20 ± 2
CQ 0.2 ± 0.05 0.3 ± 0.15 0.2 ± 0.13
AL-R (right) 0.08 ± 0.04 0.07 ± 0.05 0.07 ± 0.03
AL-R (left) 0.1 ± 0.05 0.09 ± 0.05 0.09 ± 0.04

Table 2. Medians and interquartile ranges for glottal area parameters during
tube submerged 5 cm, tube submerged 10 cm, and tube submerged 18 cm
(sequence 2).

Parameter During 5 cm During 10 cm During 18 cm

F0 222 ± 60 235 ± 81 216 ± 72.4
HNR 14 ± 3 14 ± 3 13 ± 1.9
Jitter 3 ± 2 4 ± 0.9 4 ± 4.2
Shimmer 0.4 ± 0.5 0.4 ± 0.2 0.5 ± 0.3
SF –17 ± 3 –19 ± 3.7 –18 ± 5.08
CQ 0.3 ± 0.2 0.3 ± 0.11 0.2 ± 0.13
A-LR (right) 0.07 ± 0.05 0.07 ± 0.02 0.08 ± 0.05
A-LR (left) 0.09 ± 0.05 0.1 ± 0.05 0.1 ± 0.03
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Discussion

This study analyzed vocal fold oscillatory patterns during
phonation into a tube submerged at different depths into
water. In general, it was demonstrated that vocal fold oscilla-
tion is affected by tube phonation. This has been noted
before when phonation through a tube in the air has been
studied, e.g. using air pressure and electroglottographic regis-
tration (29), by calculating the electroglottographic contact
quotient (30,31), and by applying high-speed filming (32).

In line with earlier results (31,32), our results showed that
participants behaved differently and thus no statistically sig-
nificant differences were observed in any parameters studied.
This suggests that water resistance exercises do not give
automatically certain results but the effect depends on how a
person reacts to the increased airflow resistance. Certain
trends were observed, though.

A-LR was in most cases lower during phonation into
water, for all immersion depths. A decrease in A-LR could
be expected during semi-occlusions because of the decrease
in transglottal pressure (the driving force for phonation). A
low A-LR is expected to imply a low impact stress on vocal
folds. Therefore, a phonotraumatic reaction would be
unlikely. To the best of our knowledge, only one earlier study
used a similar measure, the amplitude-to-dynamic length
(A-DL) ratio, in investigating the effects of tube phonation.
An increased A-DL ratio was found for the longest tube,

which, according to the authors, may suggest a raised vocal
effort (increased subglottic pressure) (32). In the present
study, a relatively high A-LR was found for some subjects
with the tube 18 cm in water.

To date, no clear patterns have been evidenced regarding
contact quotient from electroglottography (CQEGG) signal
during and after semi-occlusions (30,31,33–39). Some studies
have found a decrease in CQEGG during and after semi-
occluded exercises, while others have reported an increase.
An interesting trend was detected for CQ (closed quotient
obtained from high-speed samples) in the present study.
Tube phonation into 18 cm of water showed higher values of
CQ than the other conditions and baseline. Phonation into
5 cm of water in turn demonstrated a decrease in CQ com-
pared to baseline condition. It is possible to speculate that
the effect of vocal exercises on CQ depends on the degree of
flow resistance (e.g. depth of immersion) and on the subjects’
reactions to it (38). From our findings, it seems that a shal-
lower depth tends to lead to a decrease in CQ, while a
deeper submersion tends to increase the glottal CQ.
Similarly, Laukkanen et al. (32) in a high-speed imaging
study found higher CQ for longer tubes compared with
shorter ones. Results from the study by Hor�aček et al. (5)
showed how tube diameter also affects glottal function. Since
depth of immersion, and tube length and inner diameter all
affect the amount of flow resistance, it seems plausible to
expect that they also affect CQ. An increase of CQ could

Figure 2. Trends for sequence 1 (phonation pre, during, and post tube submerged 5 cm into water).
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result from increased adduction, or it could be a passive con-
sequence of increased subglottic pressure (5). It is most likely
that in speech production these variables co-vary and the
glottis reacts reflexively to the information from various sen-
sory receptors. As mentioned before, the importance of CQ
during tube phonation is due to the fact that there is a rela-
tionship between CQ and vocal fold impact stress (15).

Two trends were observed for ClQ. It increased after 5 cm
phonation compared to baseline condition and during phon-
ation in the tube 10 cm in the water. In other words, the
closing phase seemed to be relatively longer compared to
baseline condition. Different changes were observed by
Laukkanen et al. (32). ClQ values were smaller for longer
tubes. As mentioned before, a long and/or narrow tube could
be equivalent to a tube submerged deep under the water sur-
face because of the high flow resistance. Since a low ClQ is
related to the abruptness of vocal fold closure, one may
expect that high flow resistance exercises (i.e. long and/or
narrow tubes or deep immersion) cause a higher vocal fold
impact stress compared to shallower depth of immersion.
However, this was not observed in our data.

Harmonic-to-noise ratio was also examined in the present
study, based on image analysis. This parameter demonstrated
an increase after tube phonation submerged into 5 cm of
water compared to pre tube samples. Thus, more harmonic

energy compared to noise was observed. Decreased noise
after semi-occlusion exercises has been reported in previous
works, based on acoustic signal analysis (20,42,43). This
change has been observed after a few minutes of exercises
(20), and after several weeks of treatment (43). However, the
subjects of these studies were patients with hyperfunctional
dysphonia.

Related to harmonic energy, spectral flatness decreased in
tube phonation for all immersion depths compared to base-
line. Therefore, it is possible to state that our data show a
steeper spectral slope for all conditions compared to baseline.
Recall that SF in the present study was derived from glottal
area variation. No trend was observed in the present study in
samples obtained after tube phonation. Earlier studies on
acoustic spectra have shown a less steep spectral slope after
phonation with different semi-occluded vocal tract exercises
(2,39,44,45), suggesting that semi-occlusions produce an
increased spectral energy in the higher part of the spectrum.
The amplitude of higher harmonics is particularly sensitive
to the speed at which the glottal airflow decreases at the end
of the closing phase (46). A lower SF during phonation
through a tube in water seems to imply a smoother collision
between the vocal folds (47).

The effect of the depth of immersion on perturbation
measures was also analyzed. There was an interesting trend

Figure 3. Trends for sequence 2 (phonation during 5 cm, 10 cm, and 18 cm into water).
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that jitter decreased during and after phonation into a tube
submerged 5 cm in water for most participants. A number of
investigations have used acoustic measures to observe the
effect of semi-occluded exercises. However, only few of them
have utilized perturbation measures. Jitter and shimmer were
recently assessed before and after stirring straw phonation in
a group of school teachers with slight dysphonia (42). Both
parameters were found to be significantly lower after per-
forming vocal exercises. Furthermore, Barrichelo-Lindstr€om
et al. (48) reported a decrease of jitter and shimmer in nor-
mal-voiced participants after vocal warm-up using Y-buzz,
another semi-occluded exercise. It is possible to speculate
that lower perturbation values may reflect better sensory-
motor control (49) or greater activity in laryngeal muscles if
one increases subglottic pressure and adduction during and
after tube phonation (50–53). A negative correlation has
been found between perturbation measures and F0 and SPL.
Earlier studies have suggested that a higher F0 and SPL
would imply higher muscle activity, and this, in turn, would
reduce perturbation of F0 and amplitude (49–52).

Earlier investigations have reported that tube phonation
and other semi-occluded exercises may also modify F0. Our
data showed higher values for most conditions compared to
baseline. Most previous studies regarding semi-occluded
vocal tract exercises have reported a decrease in F0 during
exercising (2,20,29,40–43). Others have indicated an increase
(13), no change (5), or no clear trend. According to two pre-
vious studies, F0 shifts depended on the length of the tube
and depth of immersion. Laukkanen et al. (32) found lower
F0 values for longer tubes compared to shorter ones.
Furthermore, Hor�aček et al. (5) observed (for soft phonation)
that F0 was lower with a resonance tube in water and with a
thin straw. Therefore, it seems that F0 is related to the
degree of airflow resistance.

It is important to mention that F0 results could depend
on the instructions given in the recording process. In several
studies, participants have been instructed to keep the same
pitch before and after exercising in order to make the results
comparable (as it was required in the present study).
Moreover, considering that all earlier studies have demon-
strated changes of only a few Hz, these data should be taken
with caution because it likely has no clinical impact and it
can be only a physical modification. Additionally, no F0
changes have clearly remained after exercising.

It seems that choosing the most appropriate semi-occlu-
sion (e.g. length/diameter of the tube and depth of immer-
sion) for each subject would promote the best vocal function.
The results suggest that there is a tendency for smoother col-
lision between the vocal folds and increased stability in
phonation through a tube in water with a smaller immersion
depth. A decrease in SF, HNR, and A-LR observed in most
cases in tube phonation for all immersion depths suggests a
smoother collision between the vocal folds. The increase in
CQ for deep immersion depth, however, suggests that the
possibility for increased vocal loading cannot be excluded
when deep immersion depth is used. The desired vocal goal
always depends on what the starting-point is. Our results
suggest that a shallow immersion may be suited for patients
with hyperfunctional voice disorders, while deep immersion

may be a good option for patients with hypofunctional voice
disorder. Thus, our results are in line with the common clin-
ical tradition (see e.g. Simberg and Laine) (1). Even though
technical characteristics of semi-occlusions (e.g. length or
inner diameter of tube) are important, instructions and guid-
ance on how to perform the exercise are also crucial when
these exercises are used in voice rehabilitation and training.

As mentioned above, it has been found that CQ correlates
with impact stress. However, during phonation into a tube in
water the bubbling of water affects the vocal fold vibration.
Therefore, variation in CQ values can be also present.
Further studies are needed to know how well a mean CQ
and other mean values of glottal area variables characterize
vocal fold vibration and impact stress during water resistance
therapy.

Conclusion

Even though subjects showed individual variation for most
glottal area parameters, data from the present study suggest
that tube phonation into water causes changes in glottal vari-
ables. In most cases the amplitude-to-length ratio, harmonic-
to-noise ratio, and spectral flatness (derived from glottal
area) decreased, which seems to imply a smoother collision
between the vocal folds. However, the effect does not neces-
sarily remain in vowel phonation after tube phonation.
Findings obtained from shallow immersion suggest a favor-
able mechanical and physiological interaction in terms of
decreased closed quotient and reduced jitter. Deeper immer-
sion, instead, showed higher closed quotient. This may imply
an increased respiratory and glottal effort (higher subglottic
pressure and more adducted vocal folds) to compensate for
the strongly increased supraglottal resistance. Thus, the
impact stress during phonation through a tube into water
may increase during deep immersion. The results suggest
that this disparity of the effects, which is dependent upon
the degree of flow resistance, should be considered when
choosing treatment exercises for patients with different types
of diagnoses, namely hyperfunctional or hypofunctional dys-
phonia. Deeper immersion could be more beneficial for
patients with vocal fold paralysis or presbyphonia. On the
other hand, glottal function of patients with hyperadduction
or vocal fatigue could be improved using shallower depths.
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