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A B S T R A C T   

Objective: Mechanical buzzers have been developed to clear excessive mucus from the lungs and trachea. 
Recently, they have been tested for voice therapy. By rapidly interrupting airflow they cause an oscillation of oral 
pressure, resembling phonation through a tube into water, which is traditionally used in voice therapy (water 
resistance therapy, WRT). This study compared phonation through a buzzer (Shaker deluxe™) with WRT with a 
glass resonance tube. 
Methods: Measurements were made for subglottic and oral air pressures, airflow, transglottic pressure (Ptrans) and 
peak-to-peak (p-t-p) oral pressure oscillation, and for glottal area variation, using a physical model of voice 
production, as such detailed study is not possible in humans. High-speed-imaging was used to study glottal area 
variation during phonation. Shaker was tested in both horizontal and upright positions. 
Results: Shaker upright had slightly higher flow resistance than resonance tube 10 cm in water, while Shaker 
horizontally had ca half of that. Ptrans was lower for Shaker in both positions, and maximum glottal amplitude 
and maximum glottal area declination rate were lower. Buzzing frequency for Shaker horizontally approximately 
corresponded to water bubbling frequency, while it was about twice that for Shaker upright. P-t-p oral pressure 
oscillation was higher in WRT, seemingly due to the much lower frequency of the lowest acoustic resonance of 
the vocal tract prolonged by the resonance tube. 
Conclusions: WRT may offer stronger ‘massage-like’ effect for the vocal tract and vocal folds than Shaker, while 
Shaker may promote softer phonation.   

1. Introduction 

Water resistance therapy (WRT) is currently in wide use as a voice 
therapy method. WRT applies phonation through a tube into water, thus 
taking advantage of the pulsation of oral pressure due to water bubbling. 
Buzzers, based on the mechanical interruption of the oral airflow, have 
recently been introduced as another solution for the purpose of voice 
therapy. This study investigates the effects of the water resistance 
method compared with those of a buzzer, using a physical model of 
voice production. Its aim is to compare the basic physical characteristics 
(oral, subglottic and transglottic air pressure; mean airflow rate; flow 
resistance; and glottal area variation). The study thus aspires to offer 
additional knowledge, to be applied when choosing between voice 
therapy methods for voice patients. 

Exhaling—both through a tube into water and through a device that 
mechanically interrupts the airflow—was originally used to help clear 

excessive mucus from the lungs and trachea. An example of the former is 
to use a soft silicone tube, through which the patient blows into a 
container with water. The bubbling of the water is reflected in the oral 
and tracheal pressure oscillation. This technique is called "Bubble PEP" 
(positive expiratory pressure), and is used in many hospitals [1]. Various 
mechanical devices have been developed for the same purpose. These 
include, for instance, the Flutter VRP1 [2], the Shaker (by NCS Industria 
e Comercio in Sao Paulo), and the A Capella (DHD Healthcare) [3]. These 
devices all shutter the airflow at a relatively rapid tempo, thus causing 
pulsation of the oral and tracheal air pressure as the patient blows into 
them. While—for the Flutter and the Shaker—the frequency of shut-
tering depends on the airflow of the human who is blowing through the 
device, in the A Capella it is possible to adjust the shuttering frequency. 

A recent study tested phonation into a mechanical buzzer (Shaker 
Deluxe™) as a voice training and therapy method, calling it the "voiced 
high-frequency oscillation" method [4]. "High frequency" comes from 
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respiratory physiotherapy and refers to vibrations higher than 3 Hz, 
which would cause more than 180–210 oscillatory movements of the 
pulmonary walls per minute. A normal buzzing frequency for the Shaker 
is between 9 and 30 Hz, depending on the inclination of the device at the 
patient’s lips. The Shaker generates a buzzing sound when the airflow 
sets a steel sphere (diameter 20 mm), housed inside a perforated hard 
plastic cover, into vibration. If no airflow is applied, the sphere is freely 
supported in a conical element. If the air pressure below the sphere 
exceeds a critical value given by the force of gravity, the sphere starts to 
open and shutter a circular space between the sphere and the cone. See 
the schema and basic physical principle of the Shaker in the Appendix. 

Immediately after practicing with the Shaker for 3 min, decreased 
vocal and laryngeal symptoms were reported; fundamental frequency 
increased, both in healthy and dysphonic participants; and the voice 
turbulence index (VTI) increased in healthy female participants [4]. The 
latter was interpreted as showing a positive reduction of (over)adduc-
tion. Another recent study [5] compared the immediate effects of 3 min 
of exercising with the Shaker, versus the Lax Vox tube method [6]. This 
method is a modification of the widely used water resistance therapy 
that was originally launched by Sovijärvi in the 1960’s [7]. Sovijärvi 
recommended the use of glass "resonance tubes" (26–28 cm in length, 9 
mm inner diameter for adults; 24–25 cm in length, 8 mm inner diameter 
for children), submerged from 2 to 10 cm in water, depending on the 
type of dysphonia. A shallow immersion was recommended for patients 
with hyperfunctional dysphonia, while deep immersion was recom-
mended for patients with hypoadduction [7,8]. The Lax Vox method 
uses a flexible silicone tube—the Lax Vox tube (35 cm in length, diam-
eter 1 cm)—inserted 3–7 cm in water. This method is used for warm-up 
exercises and voice therapy [6]. According to the preliminary results by 
[5], rather similar effects were found after the use of the Shaker and Lax 
Vox. The effects included, for example, a tendency toward improved 
maximum phonation time and decreased symptoms, such as pain and 
irritation of the throat and low voice volume. Vast literature already 
exists, around the effects and principles of the use of various semi--
occlusions—such as phonation through tubes and straws—for voice 
exercising purposes [see e.g. 9–27]. Regarding buzzers, results are 
available for the resistance they offer when air is blown through them 
[see e.g. 3]. However, as far as the authors know, this device has not yet 
been technically tested for use in phonation. The present authors 
pre-tested the Shaker on a physical model and compared the modeling 
results with those of two humans [28]. According to the preliminary 
results, the resistance (air pressure divided by airflow) offered by the 
Shaker when kept in a horizontal position roughly corresponds to that 
obtainable by a resonance tube with the outer end submerged ca. 5 cm in 
water. In its upright position, the Shaker offers double the resistance, 
thus corresponding approximately to that of a resonance tube sub-
merged 10 cm in water. The buzzing and water bubbling frequencies, 
with these two methods, also seemed to correspond to each other—at 
least when the Shaker was kept horizontal. 

The present study continues to compare the Shaker with water 
resistance therapy (via a glass resonance tube), applying a physical 
model of voice production. Along with measuring the mean subglottic 
and oral air pressure and airflow variables and the relations between 
them, this study investigates peak-to-peak oral pressure oscillation, the 
lowest resonance frequencies of the vocal tract and glottal area variation 
during phonation. A model is used, since it is not possible to carry out 
such a detailed investigation of the multiple parameters that are crucial 
in phonation on a human subject. 

2. Methods 

2.1. Physical model 

A physical model of phonation was applied, as in previous experi-
ments [27,29]. The model consists of a lung model, a trachea model, a 
vocal tract model made of plexiglass, and a 1:1 scaled three-layer model 

of the vocal folds, made of silicone. The vocal tract was shaped for 
phonation on a vowel [u:]. The fundamental phonation frequency of the 
vocal folds (VFs) was preset using an axial prestressing of the VFs, fol-
lowed by changing the hydrostatic pressure inside the thin water-filled 
layer modeling the lamina propria. Depending on the airflow rate and 
position of the Shaker, the VFs’ self-oscillation was in the range of F0 =

80–96 Hz. The controlling parameter in the experiments was the mean 
airflow rate of Q = 0.06–0.10 L/s. The lower limit was the phonation 
threshold. The upper limit was set to 0.10 L/s, due to the fact that the 
airflow values above it resulted in unnaturally large VF vibration am-
plitudes for the resonance tube in water, (i.e. ca. 4 mm maximum glottal 
width, in relation to the total VFs’ length of 20 mm). 

2.2. Parameters investigated 

Mean subglottic air pressure Psub, mean oral air pressure Poral, mean 
airflow Q, glottal flow resistance (Psub / Q), transglottic pressure Ptrans 
(Psub - Poral), and peak-to-peak oral pressure Poral ptp were measured for 
the VT, prolonged by the Shaker in horizontal and in upright position, 
and for phonation through a glass resonance tube with its outer end 
submerged in 10 cm of water. The frequency of buzzing and water 
bubbling, along with that of the lowest vocal tract resonances, was also 
measured from the spectra of Poral. Additionally, maximum glottal 
opening (maxGA) and maximum area declination rate (MADR) were 
measured from high speed images. Results for the vowel [u:] were 
collected for comparison. 

The mean airflow rate Q was measured via a float flowmeter (EMKO 
type DF3-09K5). The pressures Psub and Poral, were registered with in-
tegrated pressure semiconductor sensors (NXP Freescale 
MPXV5010GC6U). All the signals were synchronously sampled and 
recorded using the measurement system B&K Pulse (type 3560 C with 
Input/Output Controller Modules Type 7537A and 3109), controlled by 
a personal computer equipped with the SW PULSE LabShop (Version 
10). The sampling frequency of the signals was 16.4 kHz. The analyses of 
the pressure signals were performed by a program developed in-house, 
in MATLAB. 

The VFs’ vibration was studied using a high-speed CCD camera 
(NanoSense MkIII, maximum resolution 1280 × 1024 pixels) with a 
camera zoom lens (Nikon ED, AF NIKKOR, 70–300 mm, 1:4–5.6 D). The 
camera was positioned at a 90◦ angle to the trachea model, which was 
equipped with a glass window to enable viewing of the VF vibration 
from the subglottal side. During recording, LED lights (ca. 60 W) were 
focused on the vibrating VFs, and the rate of 10 000 fps was used with 
the highest possible resolution (548 × 104 pixels). A second personal 
computer was used to record the images of the vibrating VFs. The time 
instants of each image recording were registered in one channel of the 
system B&K Pulse. The images recorded by the camera were synchro-
nized with the time records of the pressure signals by binding each 
image with the nearest time instant of the sampled pressure signals. The 
total time record length for the signals was 4 s for each trial, which 
included simultaneous glottal area image recording of the length of 0.1 
s. 

The analysis of the video images was also performed using an in- 
house program written in MATLAB. First, the brightness and contrast 
of the source black and white images were increased and optimized (see 
Fig. 1). The black pixels represented the glottal area at the individual 

Fig. 1. Example of the glottal area region (the black part) from a silicone vocal 
fold model, obtained after optimization of the black and white video images of 
the glottis. 
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times of the video recording. Next, the total number of black pixels in the 
columns of each image was counted and then summed across the rows, 
obtaining the glottal area in pixels at each instant in time. After this, the 
time waveform of the glottal area variation GA(t) was acquired and the 
time derivative dGA(t)/dt, required for determination of the maximal 
area declination rate (MADR), was numerically computed using the 
method of backward differences. 

2.3. Test 1: Shaker 

A shaker (Shaker Deluxe™) [30] was connected to the physical 
model in two positions; see Fig. 2. The horizontal position was defined 
by the horizontal position of the mouthpiece—i.e., when the hole under 

the sphere is rotated ca. 30 degrees downward (see Fig. 2a). The visible 
upper circular edge of the Shaker is parallel with the circular hole hid-
den inside. The upright position was defined so that the device was 
rotated up by an angle of ca. 30 degrees (see Fig. 2b), and the circular 
hole under the sphere was in a horizontal position; see the schema in 
Fig. A1 in the Appendix A narrower hard-walled plastic mouthpiece was 
selected from the two Shaker options, since the two participants in the 
pre-test study evaluated it as feeling more convenient for phonation 
[28]. 

The buzzing threshold pressures (i.e., the lowest air pressures that 
established and sustained buzzing) were measured for both of the Shaker 
positions (horizontal and upright). We should note that the air pressure 
under the sphere needed for equalization of the force of gravity loading 
the sphere in the Shaker is higher for the Shaker in upright position—i. 
e., when the force of gravity is perpendicular to the circular hole below 
the sphere. The buzzing threshold is smaller for the Shaker in horizontal 
position, because the skewness (ca. 30 degrees) of the hole supporting 
the sphere lowers the effect of the gravitational force. 

Airflow rates from the buzzing thresholds up to 0.10 L/sec were 
studied. This resulted in Psub ranging from 750 Pa for the Shaker in 
horizontal position, up to 2 kPa for the Shaker in upright position. Thus 
the values corresponded well to human phonation. 

The amount of water in the intermediate layer of the silicone VFs was 
used to regulate whether the VFs were adducted (expanded) for 
modeling phonation, or abducted for modeling blowing into the Shaker. 
Through adjusting the amount of water, the fundamental phonation 
frequency (F0) could also be controlled. It was set to ca. 83 Hz, corre-
sponding to a low-pitched male voice. 

2.4. Test 2: resonance tube 

A glass resonance tube (length 27 cm, inner diameter 7.8 mm) was 
attached to the model; see Fig. 3. The outer end of the tube was sub-
merged to 10 cm in water. 

The airflow rates used (from the threshold up to 0.10 L/s) corre-
sponded to mean subglottic pressures Psub = 719–927 Pa for simulated 
phonation on [u:]. When the vocal tract was extended using a glass 
resonance tube, with its outer end immersed to 10 cm in water, Psub =

1.36–1.83 kPa. The values for Psub, Q and F0 were thus within physio-
logically relevant values for male voice production. 

Fig. 3. A schematic of the experiment setup for Test 2, where a resonance tube was attached to the physical model.  

Fig. 2. Test 1: a) Shaker in horizontal (top) and b) in upright position (bottom), 
attached to a physical model of voice production [29]. 
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3. Results 

Fig. 4 summarizes the mean air pressure and airflow results for the 
comparisons between the Shaker, the resonance tube and the vowel [u:] 

as a reference. Fig. 5 shows the results for Poral ptp; fundamental fre-
quency F0 and water bubbling/buzzing frequencies Fb; and glottal area 
variables max GA and MADR. Table 1 shows mean frequencies for F0 and 
buzzing/bubbling Fb and for the first two vocal tract resonances, all 

Fig. 5. Top left: Poral ptp vs air flow. Top right: F0 of phonation and frequency of shuttering / water bubbling, Fb. Bottom left: maximum glottal area, maxGA. Bottom 
right: maximum glottal area declination rate, MADR. 

Fig. 4. Comparison between the Shaker and the resonance tube—laboratory experiments on model. Top left: Psub as a function of airflow rate, Top right: Glottal 
resistance. Bottom left: Poral vs airflow. Bottom right: Ptrans. Values for vowel [u:] (on model) are presented for reference. 

Table 1 
Mean parameter values.  

Type of phonation  Psub Poral Ptrans p-t-p Poral flow resistance max GA MADR F0 Fb   
[Pa] [Pa] [Pa] [Pa] [Pa s/L] [mm2] [mm2/s] [Hz] [Hz] 

VT [u:] mean 795 20 776 371 10990 9.3 7918 92 x  
SD 82 13 69 202 1996 2.3 2343 2 x 

VT [u:]+tube + water 10cm mean 1585 956 629 1702 21800 19.4 12104 88 21  
SD 179 31 159 512 3304 5.3 2872 4 1 

VT [u:]+Shaker horizontal mean 995 729 265 349 14766 15.4 8122 82 19  
SD 252 119 136 296 999 3.6 3106 1 4 

VT [u:]+Shaker upright mean 1903 1633 269 616 24864 14.8 6456 80 36  
SD 103 42 61 223 3565 2.6 1905 1 3  
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measured from Poral. 
Fig. 4 (top left) shows that, as a function of airflow, the subglottic 

pressure values were lowest with the vowel and highest for the Shaker 
upright and the tube immersed to 10 cm in water. Meanwhile, inter-
mediate values were observed for the Shaker in horizontal position. For 
the flow rates of 0.047–0.1 L/s, the Shaker in horizontal position 
resulted in Psub values 749–1386 Pa and the upright Shaker resulted in 
Psub ≅ 1.8–2 kPa for flow rates 0.06–0.1 L/s. For similar airflow rates, 
the resonance tube submerged 10 cm in water resulted in Psub ≅ 1.4–1.8 
kPa. The highest glottal airflow resistance values (Psub/Q≅ 20–28 kPa s/ 
L) were observed for the upright Shaker and somewhat lower values 
(18–24 kPa s/L) were found for the tube 10 cm in water, and for the 
Shaker in horizontal position the resistance ranged from ca. 14 kPa s/L 
to 16 kPa s/L, with the resistance naturally being highest for the lowest 
flow rates (Fig. 4; top right). 

The Shaker in horizontal position showed Poral values between 
619–927 Pa. The Shaker upright gave values from 1.6 kPa to 1.7 kPa 
and, for the tube immersed 10 cm in water, Poral resulted in intermediate 
values of 921–1002 Pa (Fig. 4; bottom left). Ptrans was the highest for the 
vowel and for the tube in water (423–831 Pa). It varied from 129 Pa to 
459 Pa for the horizontal Shaker and between 196–331 Pa for the up-
right Shaker (Fig. 4; bottom right). 

Fig. 5 shows that the Poral ptp oscillation (top left) was lowest for the 
vowel and for the Shaker, both horizontally and upright (between 8–828 
Pa), and much higher for the tube in water (ranging in total from ca. 1.1 
kPa to 2.4 kPa). 

MaxGA (bottom left) obtained lowest values for vowel (from 6.5 to 
11.8 mm2), while tube in water resulted in values from 13.4 to 25.9 
mm2, and Shaker both horizontally and upright showed intermediate 
values (between 11.8 and 19.1 mm2). MADR (bottom right) in turn was 
highest for tube in water (from 8700 to 15400 mm2/s) and lower and 
almost equal for vowel and Shaker horizontally (between 5060 and 
11300 mm2/s). Lowest MADR values (from 4160 to 8340 mm2/s) were 
obtained for Shaker upright. 

Table 1 summarizes the average values and standard deviations of 
the parameters illustrated in Figs. 4 and 5. 

The frequencies of buzzing, with the Shaker held horizontally and 
water bubbling for a tube 10 cm in water, were almost identical (see 
Fig. 5 and Table 1). Meanwhile, the buzzing frequency of the upright 
Shaker was nearly twice as high. In these experiments, F0 was slightly 
lower for the Shaker than for the resonance tube and the vowel. No 
phonation (F0 = 0) and only buzzing was registered for the two lowest 
airflow rates (Q = 0.045 and 0,055 L/s) for the Shaker in horizontal 
position. The lowest vocal tract resonance, F1, was higher with the 
Shaker than in the vowel [u:], while it was considerably lower for the 
resonance tube 10 cm in water (just 28 Hz). We note that, for phonation 
with the Shaker, it was not possible to identify any clear acoustic reso-
nance frequency below 400 Hz. 

In the spectra of the oral pressure, three different regimes—rather 
randomly dependent on the flow rate—were identified during phona-
tion into the Shaker: a) The buzzing frequency Fb was dominant, b) the 
fundamental phonation frequency F0 prevailed or c) the peak levels of 
both frequencies in the spectrum were approximately the same. These 
different regimes are related to the higher harmonics of the buzzing 
frequency (2 Fb – 4 Fb), which can vary at around F0 (see Fig. 5, Table 2). 

4. Discussion 

This study compared Shaker and water resistance phonation, 
applying a physical model of voice production. Air pressure, airflow, 
peak-to-peak oral pressure oscillation, lowest resonance frequencies and 
glottal area variation during phonation were studied. 

According to the results, the Shaker kept in a horizontal position 
offers glottal flow resistance that is roughly comparable to water resis-
tance therapy with the tube 6 cm in water. The Shaker in its upright 
position offers resistance corresponding approximately with that of a 
tube 10 cm in water. The results of the present study gave somewhat 
higher resistance values for Shaker than for a tube in water; see Fig. 4. 
The amount of resistance with the Shaker is naturally related to its exact 
positioning. 

The buzzing frequency was approximately the same for the hori-
zontal Shaker as the water bubbling frequency for a tube 10 cm in water, 
and did not change considerably with airflow rate (see Fig. 5). However, 
the Fb for the upright Shaker was about twice that of the horizontal 
Shaker, which may result from greater stiffness of the principally 
nonlinear dynamic mechanical system that causes buzzing in the Shaker 
(see the Appendix). This is because for the Shaker upright the static back 
pressure needed to balance the force of gravity and open the airway 
space under the sphere in the Shaker is highest, i.e. when the circular 
hole under the sphere at rest is perpendicular to the force of gravity. For 
any other angle of the circular hole, due to gravity, the stiffness of the 
system is weaker and the vibration frequency of the sphere is thus 
smaller. We can note that, during blowing—when the flow rate is kept 
constant, and the Shaker inclination angle is slowly changed down from 
the horizontal position—the buzzing frequency Fb goes down. If the 
angle crosses ca. − 25 degrees, the buzzing effect completely disappears, 
i.e. Fb = 0 Hz. 

Peak-to-peak Poral with the Shaker was approximately similar to that 
found for the vowel, while it was much higher for phonation through a 
resonance tube in water. There seems to be a remarkable difference 
between the two methods, in this aspect. Oscillation of Poral modulates 
the glottal amplitude and vocal fold contact [17–19]. It has also been 
described as offering a "massage-like" effect that potentially reduces 
excessive tension of the laryngeal and pharyngeal muscles and improves 
blood circulation of the tissues. While these hypotheses have not been 
experimentally verified, the imaging analysis in the present study clearly 
showed maxGA and MADR to be much higher for phonation through the 
tube in water. It seems that the higher Poral ptp values for tube phonation, 
compared to the Shaker (and consequently the higher maxGA and 
MADR), are due to lower resonance frequencies obtained with the tube. 
No low acoustic resonance frequency close to the buzzing frequency Fb 
was found in the present study for the Shaker. This is in contrast to what 
has been found for the tube in water, where the bubbling frequency is 
close to the first resonance frequency and supports the VFs’ vibration 
amplitude [26,27]. When resonance frequencies lie well above F0, it is 
obvious that Poral ptp will be much smaller. It thus seems that the effect of 
Shaker is smaller, when it comes to the modulation of oral pressure and 
glottal area. The massage effect, if any, would thus also be smaller with 
the Shaker if the subglottic pressures are within the normal range for 
human phonation. However, by increasing the subglottic pressure up to 
extreme values near 3 kPa, the massage effect can be very strong, 
especially in the subglottic space and in the frequency range near the 
buzzing frequency. In this case, the massage effect mainly supports using 
the Shaker for the purpose for which it was originally developed—that 
is, for clearing excessive mucus from the lungs and trachea rather than 
for voice training. 

It must be noted that, although it was not possible to locate any 
resonances below 400 Hz for the Shaker, this does not necessarily mean 
that there is no low frequency resonance for the Shaker. Rather, it seems 
likely that the boundary conditions at the outlet end of the acoustic 
system of the Shaker are changing more clearly from the open to the 
closed end during one vibration cycle than for a tube submerged in 

Table 2 
Frequencies of F0, buzzing/water bubbling (Fb) and the lowest vocal tract res-
onances (F1, F2) identified in the spectra of oral pressure.   

Shaker Shaker Tube Vowel  
horizontally upright in water [u:] 

F0 [Hz] 82 80 88 92 
Fb [Hz] 19 36 21 / 
F1 [Hz] 400− 450 400− 450 28 325 
F2 [Hz] 550− 600 550− 600 332 575  
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water, and that F1 therefore changes over a wider range. 
In addition to the differences in Poral ptp, another interesting finding of 

the present study is that—while maxGA obtained intermediate values 
(between the low values for the vowel and the high ones for tube 
phonation)—the MADR was as small with the Shaker as with the vowel. 
This may reflect a somewhat breathier phonation with the Shaker and, 
thus, a gentler adduction between the vocal folds. This finding seems to 
be in line with the results found by Lenharo Saters et al. [4], who re-
ported that the voice turbulence index increased after 3 min of exer-
cising with the Shaker. This finding is also in line with the pre-test results 
by the present authors [28]. The two study participants reported that 
phonation felt easy through the Shaker; easier than phonation through a 
tube in water, which they had tested earlier for other studies. They also 
commented that pressed phonation is impossible with the Shaker and 
that it is easier to glide to high pitches with the Shaker than on a vowel. 
Shaker thus seems to diminish vocal fold adduction and therefore assists 
a falsetto-like phonation. It seems that Shaker is worth testing for the 
treatment of potentially phonotraumatic hyperfunctional voice pro-
duction with excessive adduction—for example, in the habitual use of 
large amounts of vocal fry, characterized by very low air consumption 
[32]. 

A recent study compared phonation through the A Capella (Choice), 
a silicon tube 5 cm in water, and a narrow straw (10 cm long, 3 mm 
diameter) for 22 normophonic participants [33]. In contrast to our re-
sults, a larger Poral oscillation amplitude was reported for the A Capella 
than for phonation through the silicon tube in water. It is possible that 
the A Capella produces larger Poral oscillation than the Shaker. On the 
other hand, the authors also state that the Poral was filtered to remove 
excessive noise when measuring the oral pressure oscillation. Yet it is 
unclear what kind of a bandwidth was used for filtering. Since the F1 is 
very low—near Fb—for phonation through a tube in water [27], a LP 
filter cut-off that was too close to F1 would decrease Poral ptp. In the 
present study, a model with hard vocal tract walls was used. This may 
naturally affect the results. However, the results obtained in the present 
study correspond to our earlier results for humans [16,28]. 

All of the data measured from humans are in line with the results 
measured in the model. In the present study for the Shaker in horizontal 
position (see Figs. 4 and 5), a maximal Poral≅ 0.9 kPa was measured for 
flow rate 0.10 L/s and Poral ptp≅ 0.46–0.50 kPa for flow rates 
Q≅ 0.06− 0.08 L/s. In our earlier study [28], we reported Poral ≅ 700 Pa 
for the male subject’s phonation with a similar fundamental frequency 
F0 = 93 Hz as in the model. This corresponds to Poral≅ 713 Pa, measured 
in the model for Q≅ 0.07 L/s. Similarly, Poral ptp = 200 Pa—as measured 
in the male subject—corresponds to Q≅ 0.06 L/s in the model. More-
over, Poral ptp in the model was not significantly different for the Shaker 
in its upright and horizontal positions. This is similar to what was found 
for humans. Therefore, the pressure and flow ranges measured in the 
model and in humans are in agreement; they are also within the range 
typically observed for humans [31]. A further study would be needed to 
analyze the complicated fluid-structure-acoustic interaction system of 
the vocal tract, prolonged by the Shaker, in more detail—and especially 
to estimate its acoustic resonance properties in the lowest frequency 
range. 

We can presume that a method that gives a low Ptrans, a small maxGA 
and a small MADR is beneficial, since this seems to imply a low impact 
stress and thus a low mechanical loading to the vocal fold tissue. From 
this point of view, the results of the present study suggest that the Shaker 
has benefits over the water resistance therapy. On the other hand, the 
Poral ptp was substantially lower for the Shaker compared to the tube in 
water. This, in turn, implies that a "massage-like" effect with the Shaker 
is expected to be low. 

The results also show that it is necessary to take into account some 
physiological limit when using the Shaker in its upright position in voice 
therapy, because a high subglottic pressure (Psub≥1.8 kPa) is then 
needed to start the buzzing regime. 

The present study concerns merely the physical effects of the two 

methods; the way a human being reacts during the method is another 
question. It is known that sudden changes in oral pressure induce 
various reflexive and mechanical responses in the vocal organ [34,35]. 
When it comes to the effects of a longer constant or intermittent 
semi-occlusion of the vocal tract, humans have two basic options for 
their reaction: either to allow Ptrans and contact quotient to drop, due to 
increased vocal tract resistance [21], or to compensate for it. These re-
actions may cause opposite results (increased Ptrans and a larger contact 
quotient) [16,36]. Thus far, clinical studies have shown no statistically 
significant differences in the effects of semi-occlusion exercises, at a 
group level, between healthy vocally trained or untrained participants 
and patients with either hyperfunctional or hypofunctional voice dis-
order [22]. One clinical study has also shown that there were no sta-
tistically significant effects in long-term (8 week) therapy effects, 
between semi-occlusion caused by phonation through a tube in air (no 
water bubbling effect) and phonation through a tube in water (with 
bubbling effect) [23]. A further study is warranted, to compare the 
clinical effects of long-term water resistance therapy and Shaker therapy 
in dysphonic patients. 

5. Conclusions 

The results suggest certain clear differences between the Shaker 
("voiced high-frequency oscillation therapy") and water resistance voice 
therapy (WRT).  

1) The Shaker in its horizontal position had lower Poral than did a 
resonance tube 10 cm in water, and Ptrans was lower for the Shaker in 
both horizontal and upright positions. For the Shaker, the vocal folds 
vibrate with a smaller amplitude, as indicated by the measured lower 
vibration amplitude of the VFs (maxGA) and the MADR. The Shaker 
thus seems to induce breathier phonation, which should result in a 
smaller impact stress.  

2) For the Shaker in its horizontal position, the buzzing frequency was 
approximately the same as the water bubbling frequency. Yet it was 
approximately twice that of water bubbling for the upright Shaker, 
reflecting increased stiffness in the mechanical system. In contrast, 
Poral ptp pressure oscillation was higher in WRT, most likely due to the 
much lower frequency of the lowest resonance of the vocal tract 
prolonged by the resonance tube with its distal end in water [27,28]. 
Thus, WRT tends to imply a stronger "massage" effect to the vocal 
organ. 

Another study would be needed, to estimate the Shaker’s acoustic 
resonance properties in the lowest frequency range and to further clarify 
the differences in the principles of the two methods. Yet another further 
study is warranted, to compare the long-term clinical effects of water 
resistance therapy and Shaker therapy in dysphonic patients. 
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Appendix A 

Shaker properties: Geometry and basic physics 

The Shaker generates buzzing via airflow-induced vibrations of the steel sphere, positioned within a plastic cone. Fig. A1 illustrates the basic 
geometrical data measured at the central part of the Shaker. The sphere inside the cone is set into vibration by airflow coming from a tube below the 
cone. During this vibration, the sphere moves up and down and alternately opens and closes or only chokes the airway between the cone and the 
sphere. For simplicity, only the horizontal position of the cone is considered. This corresponds to the upright position of the Shaker. 

The most important elements in starting up the sphere’s vibration are the gravitational forces and the static aerodynamic forces. The measured 
mass of the steel sphere, msp = 28.49 10− 3 kg, gives the gravity force Fgrav ≅ 0.2795 kg m/s2. If the static aerodynamic force Faer,st, given by the air 
pressure p0 in the tube below the sphere, is less than the so-called buzzing threshold pressure BTP, the sphere is supported by the cone and no vibration 
of the sphere can occur. The static aerodynamic force can be calculated as 

Faer st =

∫+φ0

− φ0

∫+ψ0

− ψ0

p0cosφ cosψ R2dφ dψ = p0R2
∫+φ0

− φ0

∫+ψ0

− ψ0

cosφ cosψ dφ dψ = 4p0R2sin2α, (A1)  

where φ0 =ψ0=α are angles defined by the contact of the sphere with the cone on the circle of the radius ρ0 (see Fig. A2). The geometrical data from 
Figs. A1 and A2 yield: R = 9.55 mm, α = arctg(10/7.5) = 0.9273 rad and ρ0 = Rsinα = 7.64 mm > D/2 = 5.7 mm. 

After substitution in the equation of static balance:  

Faer,st = Fgrav,                                                                                                                                                                                               (A2) 

we obtain an approximation of the buzzing threshold pressure (BTP) p0 = 1197 Pa ≅ 1.2 kPa. 
It is possible to compare the calculated p0 with the oral pressure measured for the Shaker when upright. In the experiment, the buzzing threshold 

flow (BTF) was found to be Q = 0.063 L/s and the corresponding oral pressure Poral = 1.58 kPa (see Fig. 4). The measured Poral is slightly higher than p0 
for two main reasons: First, the buzzing with the frequency Fb = 39 Hz was generated together with the phonation (F0 = 79 Hz) and therefore a higher 
subglottic pressure was required than for buzzing alone. Second, there was a pressure drop between the pressure Poral = 1.58 kPa measured in the 
mouth cavity of the VT model, and the pressure p0≅ 1.2 kPa below the sphere calculated from Eq. (A2) 

When the pressure p0 is slightly higher than BTP, the sphere moves in the cone up by a lift Δ and is situated at the distance x from the wall of the 
cone; see Fig. A2. The dependence of the minimal area A(Δ) between the sphere and the cone on the sphere elevation above the zero position, when the 
sphere is sitting in the cone, can be calculated by the formula: 

A(Δ) = 2πx(Δ)(ρ0 + ρΔ)/2, (A3)  

Fig. A1. Measured dimensions of the main part of the Shaker, i.e. the source of buzzing.  
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where according to Fig. A2: ρ0 = Rsinα, ρΔ = ρ0(R + x)/R, x = Δcosα and after the substitutions: 

A(Δ) ≅ 2πΔcosα ρ0[1 + (R + x)/R ]/2 = πsin2α[R + (Δ/2)cosα ]Δ. (A4) 

The inlet area for airflow, given by tube diameter D under the cone, is Ain = 102.07 mm2. The question is, when A(Δ)=Ain? The answer is given by 
the graph shown in Fig. A3. The increase of the area A(Δ) with the small values of the lift Δ is approximately linear, and the area A(Δ) crosses the inlet 
area Ain for airflow at the lift Δcr ≅ 3.22 mm. This means that, if the lift Δ is smaller than a critical value Δcr, the airflow area between the sphere and 
the cone decreases from the inlet area Ain to the minimal airflow area A(Δ) between the sphere and the cone, and A(Δ)/Ain<1. For all lifts Δ > Δcr the 
minimal airflow areas between the sphere and the cone will be higher than the inlet airflow area, i.e. A(Δ)/Ain >1. 

A detailed analysis of the airway area A(Δ, z) between the sphere and the cone is demonstrated in Fig. A4 for the lift Δ = 0—i.e. for the case when 
the sphere is in contact with the cone—and for the lift Δ = 0.2 mm, i.e. when the sphere is levitating. The distance z from the lower cone edge is 
considered negative in the tube part of the airway and positive in the cone part. The area A(Δ, z) for z≤0 was calculated as the annular area 
perpendicular to the tube axis and for z≥0 as the annular area perpendicular to the sphere surface. The transitional part between both types of the 
annular areas at z = 0 was not studied in detail, since it is not crucial for understanding the principle of the Shaker functioning. The area A(Δ, z) 
decreases with increasing z from the tube inlet to the minimal value given by Eq. (A4) and then increases back up to the initial value Ain = 102.07 mm2 

at the distance Zout ≅ 9 mm; see Fig. A4. We can remark that the maximal distance from the lower edge to the upper edge of the designed cone of the 
Shaker Zmax = 10/sinα ≅ 12.5mm. 

If the air pressure pin at the airflow inlet in the tube at the position zin ≅ − 4.7 mm below the sphere is higher than the pressure p0, the lift Δ 

Fig. A3. Calculated dependence of the minimal area A(Δ) between the sphere and the cone on the sphere elevation.  

Fig. A2. Schema of the vibrating sphere in the Shaker.  
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increases from zero and the continuity equation for flow yields: 

U(Δ, z) = UinAin/A(Δ, z), (A5)  

where Uin is the inlet flow velocity and U(Δ, z) is the flow velocity at the area A(Δ, z) and for the pressure p(Δ, z) the Bernoulli equation yields: 

p(Δ, z) − pin =
1
2
ρair

[
U2

in − U2(Δ, z)
]
=

1
2
ρairU

2
in

[
1 − (Ain/A(Δ, z) )2

]
(A6) 

This means that for the lifts Δ smaller than the critical lift Δcr, at the relatively large bottom part of the sphere for z ∈ (zin, zout) is p(Δ, z) < pin, the 
resulting back pressure therefore sucks the sphere down, trying to close the airways. If the pressure pin is only slightly higher than the static pressure p0, 
it can lead to a full closure of the airways (Δ = 0), generating sound due to impacts of the sphere with the cone. For a higher pressure pin, the sphere can 
levitate and vibrate without collisions with the cone. In this case, the sphere is not closing the airways completely but just modulates the airflow. 

The oscillation principle was derived for inviscid incompressible airflow. This corresponds to the low airflow velocities measured for buzzer 
threshold flow BTF = 0.063 106 mm3/s = 0.063 L/s—which results in Uin = 0.063 106/Ain = 0.62 m/s—as well as for the studied maximum flow rate Q 
= 0.10 L/s, which yields Uin = 0.98 m/s. For a high pin when the lift Δ is higher than the critical lift Δcr, no suck effect is functioning and the described 
principle for the sphere vibration does not work. 

Superposing the pure buzzing with phonation complicates the system analysis, because the inlet flow velocity Uin is oscillating with the funda-
mental phonation frequency given by periodic closing of the glottal channel. The whole process is also influenced by the acoustic resonances in the 
vocal tract, prolonged by the Shaker’s acoustic cavities. 
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