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ABSTRACT
Objective: The aim of this study was to determine the efficacy of a four-week breathing exercise
intervention in participants with voice symptoms.
Methods: Six non-smoking women (mean age 49) experiencing voice symptoms used a novel
device WellO2TM for respiratory exercises that provides counter pressure during both inspiration
and expiration and warms and humidifies the breathing air. Speech samples were acoustically
(Acoustic Voice Quality Index [AVQI]) and perceptually (grade, roughness, breathiness, asthenia
and strain scale, [GRBAS]) analysed, and perceived voice symptoms and self-reported effort in
breathing and phonation were obtained. Respiratory measurements included breathing frequency
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and pattern, peak expiratory flow (PEF), forced vital capacity (FVC) and forced expiratory volume
in one minute (FEV1).
Results: The total scores of AVQI and some of its subcomponents (shimmer and harmonic-to-noise
ratio), and the grade, roughness and strain of the GRBAS scale indicated significantly improved
voice quality. However, neither the nature or frequency of the experienced voice symptoms nor
the perceived phonatory effort changed as the function of intervention. According to the
participants, their breathing was significantly less effortful after the intervention, although no
significant changes were observed in the objective respiratory measurements with a spirometer.
Conclusion: Training with the WellO2 device has the potential to improve voice quality. The
combination of inspiratory and expiratory training and warmed, humidified air is a multifaceted
entity influencing several parts in the physiology of voice production. The effects of using WellO2
need to be confirmed by further studies with a larger number of participants.
Keywords: Acoustic Voice Quality Index, functional voice disorder, dysphonia, pressure breathing,
respiratory exercises, semi-occluded exercises
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1 INTRODUCTION
The function and health of both the respiratory and phonatory systems, in particular the hydration
of the vocal fold mucosa, impact voice production. Problems in voice production can develop
because of poorly coordinated breathing and phonation [1-3]. As a result of problems in
coordination, there can be starting and ending phonation at lower than normal lung volume,
shortness of breath, gasping for air during inhalation, forced expiration or decreased airflow
during phonation [1,4-8]. If inspiratory air volume remains, for some reason, too low, a speaker
may try to speak on residual air, using expiratory reserve volume. This increases muscle tension at
the laryngeal level [2] and negatively affects voice quality [8]. In addition to its role as a
contributing factor to dysphonia, abnormal respiratory behaviour can also be a sign of a
compensatory mechanism. Sapienza, Stathopoulos and Brown (1997) [9] noticed that women with
bilateral vocal nodules had higher glottal airflow and significantly greater than normal expenditure
of air volume. They concluded that their participants were probably trying to compensate for the
escape of air deriving from incomplete glottal closure. Vocal fold mucosa becoming dry, in turn,
impairs vibration of vocal folds [10], and it is very common among persons with voice disorders to
not to be well hydrated [8].
In many voice therapy methods, respiratory techniques are emphasized with which economic
voice production and optimal glottal adduction can be achieved by adjusting subglottic air
pressure and airflow [8]. In respiratory training, constant subglottic pressure is targeted to
increase lung volumes for voice production and to control of smoother exhalation [5]. For
instance, a patient with limited breath support can be asked to practice breathing for voice by
saying as many numbers as possible on a normal expiration and stop before any strain emerges
[2,8]. By using diaphragmatic (abdominal) breathing, downward contraction of the diaphragm and
outward expansion of the abdomen permit greater airflow to the lungs and support voice
production [5,8]. In Accent Method [11, see also 5], training based on paced rhythmic movements
and accentuated abdominal breathing helps, according to Shiromoto (2003) [12], to improve
controlling of cricothyroid, thyroarytenoid and abdominal muscles during phonation. By new
motor speech breathing patterns learned, therapy aims to increased subglottic pressure [8].
Stronger subglottic pressure enhances an increased amplitude of vibration and a more stable
adduction of vocal folds. Higher glottal efficiency can also be obtained by using semioccluded
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tubes. Using them a narrow constriction can be formed in the vocal tract and thereby raise mean
supraglottic and intraglottic pressure [13-14]. Additionally, to prevent voice problems, the
systemic hydration of the vocal folds by frequent water intake is commonly recommended [2,8],
especially for professional voice users [15].
The objective of this study was to determine if voice production and functioning of both the small
and the large airways could be improved by a novel device WellO2TM (Figure 1) which, according to
its manufacturer,1 simultaneously hydrates the respiratory tract and activates functioning of the
respiration muscles. The WellO2 device is an innovation which combines counter pressure (resisted
inhaling and exhaling exercises) and the simultaneous inhalation of warm steam.

FIGURE 1.
1.1 Humidification and voice production
The condition of vocal fold mucosa is critical in voice production as, during vocalization, most of
the vibratory function essential to voice quality occurs in the membranous portion of the vocal
fold, the 1.1 to 2.5 mm thick mucosa that covers the thyroarytenoid muscle [8,16]. In Nordic parts
of the world, particularly cold and dry air loads the vocal organs because the ability of air to hold
moisture is quickly impaired with declining temperature. Cold air and abrupt temperature changes
also increase the risk of vocal tract mucosa inflammations (common cold). Additionally, strong and
prolonged voice production causes tissues to dry as capillaries contract when the vocal folds
collide with each other [17]. Because of the high frequency of vocal fold vibration, women’s
relatively thin vocal folds become dry very easily, and this dry tissue is especially vulnerable to
1

http://wello2.com/product/ and http://wello2.com/faq/
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damage [18]. Titze and Hunter (2015) [19] point out, however, that although women, compared to
men, have higher vocal fold vibration frequency, they have lower vibrational amplitude and often
a smaller contact quotient. Energy dose related to vocal fold collision is highly dependent on tissue
viscosity, and more research is needed to find out the relations between viscosity, amplitude, and
vocal-fold thickness in vibration and collision.
Dry indoor air also increases the occurrence of voice symptoms [20] and makes a speaker feel that
one needs to make a special effort to vocalize [21-22]. Voice symptoms are caused by the
stiffening and increased viscosity of the surface of the mucosa when it becomes dry [23]. Greater
than normal subglottic air pressure is needed to get the dry mucosa to begin to vibrate [21-22]
which means increased effort needed in voice production. In the long run, increased effort to
produce voice may lead to vocal fatigue, laryngeal pathology, or both [8]. In dry indoor air (relative
humidity in air 15−25%), oral breathing that lasts only for 15 minutes may increase phonation
threshold pressure in speakers with voice symptoms [24]. Mucosal wave amplitude has also been
detected to decrease in dry air [25]. In turn, hydration treatment tends to reduce phonation
threshold pressure, though the effect is greater in vocally healthy speakers than those with
pathological voice [26]. There is no clear evidence that one type of osmotic nebulizer (hypertonic,
isotonic saline or sterile water) would be more effective than another in affecting phonation
threshold pressure (PTP) [22].
Both surface and systemic hydration of vocal folds can be used as a voice ergonomic measure, as
well as a treatment in voice therapy. The laryngeal surface is hydrated by using steam inhalation
or spending time in a humidified environment, whereas in systemic hydration, liquids, mostly
water, are drunk to hydrate the whole body. The recommendation to drink plenty of water is an
integral part of vocal hygiene measures [27]. The significance of hydration for voice quality has
been investigated in some studies with the means of hydrating or dehydrating vocal organs.
Overall, however, there has been a paucity of research on the humidification of voice organs, and
despite the good quality of the existing studies, robust evidence for the effectiveness of hydration
treatments has been lacking until recently [28], and the results have also been somewhat
contradictory [10,29]. Studies exploring the effects of laryngeal humidification on voice quality and
its acoustically measured parameters have been particularly sparse. The few interventions
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reported have most often been short-term; hardly any reports have been published on long-term
interventions on the hydration of the vocal tract or vocal folds.
Based on our literature search, the two longest humidification interventions lasted for five days
[30] and for one month [31], respectively. In the former study, participants with vocal nodules or
vocal polyps first drank water and breathed moist air (relative humidity of 90‒100%) for two hours
a day for five days, which was followed by five days of placebo intervention [30]. The hydration
treatment was found to be more effective than the placebo treatment. In the latter study
comprising a one-month long hydration intervention [31], 27 teachers breathed nebulized water
containing saline solution for five minutes once or twice during their working day. This hydration
took place after dehydration was induced by a 10-minute period of breathing through the mouth.
The intensity of connected speech of the participants was found to decrease, and fundamental
frequency of sustained vowel production to increase. An increase in fundamental frequency has
been considered to reflect vocal folds vibrating more quickly when well lubricated [29]. However,
no significant changes were found either in further acoustic parameters (jitter, shimmer) or in the
auditory-perceptual evaluation of the overall disorder severity degree parameter of Consensus
Auditory Perceptual Evaluation – Voice (CAPE-V) [31].
1.2 Breathing exercises and voice production
Volume of air in the lungs, subglottic pressure and airflow rate through the glottis influence the
efficiency of vocal production [32]. The amount of inhaled air needs to be enough for speaking
without any special effort used for voice production. The longer the utterance produced within a
breathing cycle, the more a speaker needs air, and the more fluently he or she needs to adjust the
functioning of the breathing muscles. Activation of expiratory muscles is needed to increase
loudness of voice; in loud vocalization, tidal air may increase from the ordinary half-litre up to four
or even five litres.
Breathing manner has also been found to influence laryngeal functions [32]. During inhalation, the
diaphragm contracts and moves downwards and thereby increases the volume of the thoracic
cavity. With the help of this process, inhaled air reaches the lower parts of the lungs. The strong
downwards movement of the diaphragm causes the traceal pull; the larynx is pulled downwards,
6

which increases the volume of the laryngeal area and improves the vibration possibilities of the
vocal folds [33-34]. However, in the case of a fairly small lung volume, the quality of voice easily
turns hyperfunctional [35].
Individuals with voice disorders have been found to use tidal air in a manner that is different from
those with healthy voices. Compared to normal volumes, speakers with organic voice disorders
have low lung volume both before [4] and after [4,36] producing an utterance. On the other hand,
it has also been found that patients with vocal nodules inhale more air than is normally done
before speaking [9,37]. Persons with a functional voice disorder have also been described to have
a deviant breathing habit: they start and end speaking with lower than normal air volume [6].
Because respiratory musculature represents skeletal muscles and is voluntarily controlled by the
somatic nervous system [15], its strength can be increased by training [38]. The study of Tsai and
colleagues [39] showed that it is possible to decrease vocal symptoms by using breathing exercises
only. Participants (N = 29) working in hospital and using their voice for more than four hours per
day performed 25 expiratory exercises three days per week for five weeks. After the intervention,
the participants’ self-reported voice symptoms were found to be reduced. Additionally, their voice
production was improved, which was shown by the increased maximal expiratory pressure and
increased phonation time both in the voiceless fricative [s] and in the voiced fricative [z]. On the
other hand, no change in voice symptoms was found in teachers (N = 20) who trained their
expiratory muscles with an expiratory pressure threshold trainer by exhaling vigorously 25 times
per day five days a week over six weeks [40].
The effects of combined breathing and voice exercises were explored in the intervention study of
Wingate et al. [41]. Two groups of voice patients (N = 9 + 9), representing professional voice users,
participated in the intervention. First, one group had expiratory muscle strength training with an
expiratory pressure threshold trainer for five weeks, and the breathing intervention was then
followed by six sessions of traditional voice therapy. The other group went through the same
treatment in reverse order. The combined treatment was found to be successful in remediating
voice problems; the expiratory muscle strength training improved maximal expiratory pressure.
Treatment order had no significant effect on the positive results obtained. According to Wingate
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and colleagues [41], training of expiratory muscles supports voice production and improves voice
quality in situations where a speaker needs to use his or her voice for prolonged periods of time.
1.3 Aim of the study
This study aimed to find out whether simultaneous exercising of respiratory muscles and warming
and humidifying of vocal tract mucosa affect voice production and breathing in adults with voice
symptoms. Generally, pressure breathing devices provide counter pressure only for inhalation or
exhalation, but with the WellO2 device (http://wello2.com/) used in the present study, pressure
can be used in training both inspiratory and expiratory muscles. Additionally, the WellO2 device
warms and moistens breathing air and, in that way, is expected to open up the airway and remove
phlegm.

2 MATERIAL AND METHODS
The Regional Ethical Board of Tampere University Hospital, Finland approved the study protocol.
Additionally, Valvira, the National Supervisory Authority for Welfare and Health, accepted the
notice submitted to them as a health and safety procedure. Participants gave their written
informed consent to the study protocol. Originally, WellO2, the novel device used, was developed
to ease breathing of patients with asthma, but it is also used by others such as athletes, and
singers and other professional voice users.
2.1 Participants
Six women aged 28–58 years with a mean age of 49 years (SD 11.1) who complained of voice
symptoms participated in the study. They had contacted researchers after becoming aware of the
research notice about the study and the contact request that had been sent to local speech and
language therapists, as well as to venues such as schools. The recruited participants worked in
kindergartens, schools and hospitals and needed to use their voice frequently during their working
day. Three of the participants were teachers. All participants were non-smokers, and five drank
coffee, in most cases one to three cups daily.
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Self-reported vocal symptoms were used as the inclusion criterion. Symptoms of all the
participants had lasted for at least more than month, often for years. Participants were excluded if
they had acute infection symptoms of the upper respiratory tract or symptoms of respiratory
allergy during the initial or final measurements. Persons with psychogenic voice problems, known
organic vocal fold pathologies or neuromotor diseases and conditions related to cerebral blood
circulation were also excluded from the study. In addition, contraindications to use the WellO2
device listed in its instructions2 automatically resulted in exclusion from the study. These
contraindications included unstable cardiovascular status, recent myocardial infarction or
pulmonary embolus, pneumothorax, pulmonary emphysema, known thoracic, abdominal or
cerebral aneurysms, epilepsy, recurrent episodes of nose bleeding, recent eye, thorax or abdomen
surgeries and pregnancy. These conditions could cause a health risk because even a relatively high
counter pressure may be present in inhalation and exhalation when the WellO2 device is used.
Two participants had been examined by a phoniatrician, and they were found to have incomplete
vocal fold closure. Five participants had been given an asthma diagnosis, and five (one of them
without an official asthma diagnosis) used asthma medication either regularly or as needed. Two
reported cough or voice symptoms caused by asthma medication. Additionally, one suffered from
respiratory allergy, and three had other allergic symptoms. Three participants had received voice
therapy previously, mostly years ago, but none engaged in on-going therapy during the
intervention with the WellO2 device.
Based on their reports, all the participants had voice ergonomic risk factors in their workplaces.
Workplaces were often noisy (noise occurring weekly; 4 participants), and the indoor air was dry
(4 participants), stuffy (3 participants) or dusty (3 participants). Three participants were exposed
to draughts in their workplaces.
2.2 Intervention: Training with the WellO2 device
The intervention was carried out during the winter season when breathing air is dry because of the
cold weather outside and the heating required indoors. The participants were requested to train
with the WellO2 device ten minutes per day for four weeks. When the WellO2 device was given to
2

http://wello2.com/wp-content/uploads/wello2_care_-_instructions_for_use_ver_1-02.pdf
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the participants, they were individually instructed on how to use it. Additionally, the participants
had the WellO2 manual available both in paper form and as an on-line version at the
manufacturer’s Internet site. The Internet site (in Finnish: http://wello2.com/fi/tuki/ and in some
other languages: http://wello2.com/support/) also contains a video demonstration on the use of
the device. Furthermore, the participants had the ability to contact the researchers during the
intervention whenever they had questions about the training or the device.
The participants themselves could choose the temperature of inhalation steam and the strength of
the counter pressure (both on a scale from zero to three). We decided to allow free choice of
temperature and counter pressure settings. Firstly, we expected the participants of our study to
have individual sensitivity to and liking for steam temperature of the WellO2 device. Steam
perceived to be too hot may be a stressor which would not serve the aims of remediating or
relieving voice problems. Secondly, we did not know in advance how the diagnosed asthma of five
participants would affect their ability to breath using the counter pressure. The fixed temperature
settings available for steam with the WellO2 device were 48, 58 and 63 ºC (118, 136 and 145 ºF,
respectively). The minimum setting (zero) for the counter pressure was 20 cmH20, matching a
normal blow when the lungs deflate from air during an approximately 15-second-long exhalation.
The other available counter pressure settings were 30, 50 and 100 cmH20. With the WellO2 device,
counter pressure increases with stronger inhalation or expiration. During inhalation, the counter
pressure is about one-third of the counter pressure that prevails during exhalation.
A WellO2 accessory, a 40-cm-long flexible extension hose having an inside diameter of 1 cm, was
requested to be used in training. Use of the hose enhances a good, straight posture for breathing
exercises, which, in turn, allows space for expansion of the rib cage and the diaphragm. The hose
also cools down the breathed warm air and increases counter pressure because, by using the
hose, the distance between the device and the user increases.
The participants were asked to complete a daily recording of the time used for training and the
temperature and counter pressure settings most frequently used. They were also asked to record
any special sensations, possible infections, changes in medication etc. during the intervention.
After the intervention, the participants were also interviewed about their views and experiences in
using the WellO2 device.
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2.3 Data collection and analysis
Data were collected before the four-week intervention and right after it; thus, participants served
as their own controls. Data were collected using the following methods.
2.3.1 Voice symptoms and voice measurements
The vocal symptoms were surveyed with a questionnaire. The symptoms queried about were as
follows: 1) voice tires easily, 2) voice becomes hoarse or low, 3) voice breaks, 4) aphonia lasting at
least a couple of minutes during speaking, 5) difficulty in being heard, 6) throat clearing and 7)
sore throat or globus in the throat. These symptoms have been found to reliably distinguish voice
disorders from healthy voice [42], and they have been used in several studies in which vocal health
has been researched [42-48]. Symptoms occurring weekly or almost weekly or daily or almost daily
were inquired.
Voice samples. Two different voice samples were recorded: three five-second-long sustained
vowels [a] and reading of a standard text (‘The North Wind and the Sun’). The sustained vowels
were asked to be produced with a habitual pitch and loudness of speaking voice. Additionally,
samples from spontaneous speech were collected when the participants described their voice and
vocal health (pre- and post-intervention) and, in addition to that, reported on their experiences
with the WellO2 device (post-intervention). More specifically, spontaneous speech samples
consisted of responses to relevant questions: ‘How is your voice feeling today?’, ‘What do you
think about your voice?’ and, after the intervention phase: ‘How did the training with the WellO2
device go?’.
The voice samples were recorded with an external Focusrite iTrack Solo (Focusrite Audio
Engineering Plc, London, Great Britain) sound card connected to a laptop computer and an AKG
C544L headset microphone (AKG Acoustics, Vienna, Austria) at an angle of 45º and a distance of 4
cm from the corner of the mouth. The material was recorded and saved in wave format with
44,100 Hz sample rate and 16-bit depth. The recordings were made in office or class facilities
either at the university or at the participants’ workplaces and performed at the same time of the
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day in each subject because vocal symptoms are known to increase towards the end of the
working day [49-50].
Perceived phonatory effort (PPE). The participants assessed their PPE immediately after the voice
tasks (see Voice samples) by using a 10-cm-long visual analogue scale (VAS) where (at the extreme
ends of the scale) 0 represented ‘no effort’ and 100 represented ‘extreme effort’ with higher
scores indicating more effort needed for voice production (see, e.g. [22]). In the post-intervention
measurements, new, blank forms with VAS scores were used to prevent the participants from
seeing their earlier ratings.
Acoustic analysis. Quality of the voice was assessed with Acoustic Voice Quality Index (AVQI)
version 03.01. For the AVQI analyses, a sequence of three seconds was manually extracted from
the middle of the five-second-long sustained vowel [a] together with the first 12 words (this 12word text sequence consisted of 31 syllables) read from the beginning of the standard text. AVQI
total score is a multiparameter method developed to measure the general quality of voice, also
known as grade (G), from sustained vowel production and continuous speech [51], and it has been
found to be reliable, valid and capable of distinguishing dysphonic and normophonic voices [5253]. To date, its versions have already been validated in many European languages, including
Finnish [54]. The index, expressed on a scale from 1 to 10, comprises a weighted combination of
six acoustic parameters [55]. Two of the parameters measure noisiness (smoothed cepstral
prominence and harmonics-to-noise ratio [HNR]), two measure time or regularity of amplitude
(local shimmer; in percent and in decibels), and two measure the voice quality in a hyperhypofunctional continuum (general slope of the spectrum and tilt of the regression line through
the spectrum). AVQI script version 03.01 [56], developed for the Praat [57] acoustic analysis
programme, was used in the analysis. An AVQI 03.01 total score exceeding 1.83 indicates voice
disorder in the Finnish speaking population [Kankare, manuscript].
Auditory-perceptual assessment. Three voice samples were used in the auditory-perceptual
assessment. Two were the same as the ones used in the acoustic analysis (the middle part of
sustained vowel and a 12-word sequence from the text reading), and the third one was a ten-word
sequence from spontaneous speech. For the spontaneous samples, care was taken that the
contents of the segmented speech sample did not reveal whether the sample was recorded before
12

or after the intervention. The three voice samples deriving from pre- and post-intervention were
each collected to form one block. The order of the two blocks obtained before and after the
intervention was randomized by using a random number generator, and the blocks were placed
one after the other with a two-second inter-stimulus interval. Thus, the judges could listen to the
samples as many times as they wished to and compare samples from the two time points with
each other.
Five speech and language therapists with a long experience in assessing and treating voice
disorders assessed the randomized and blinded speech samples. For practicing, the judges were
first asked to assess voice samples of a female teacher who was not one of the participants, but
whose voice symptoms matched those of the participants of the present study. Voice quality in
the samples at each data collection point was first assessed with the grade, roughness,
breathiness, asthenia and strain (GRBAS) scale [58] used to measure dysphonia according to four
severity classes (normal, slight, moderate and severe). The same components were also evaluated
using a 10-cm-long VAS with ‘not deviant’ and ‘extremely deviant’ as descriptions of the extreme
ends of the line. The use of additional analyses using the VAS was opted for because functional
voice disorders may not show very high symptom severity on the four-point GRBAS scale, and a
possible change in symptom severity would therefore not necessarily be tapped with the GRBAS
scale representing a discrete parameter. Additionally, the grade component of the GRBAS scale
used in the traditional manner has been found to strongly correlate with the CAPE-V method
utilizing VAS [59].
2.3.2 Breathing measurements
Perceived pulmonary effort. The participants assessed their perceived breathing effort
immediately after they had given voice tasks (see Voice samples) by using a VAS in a similar way
they assessed their phonatory effort. They did it by using a 10-cm-long VAS (see, e.g. [22]) with ‘no
effort’ and ‘extreme effort’ at the extreme ends of the line. Higher scores indicated more effort
needed for breathing. Again, in the post-intervention measurements, new, blank forms with VAS
were used.
Pulmonary function testing. Expiratory and inspiratory flow measures reflecting respiratory muscle
strength and respiratory force were measured with forced vital capacity (FVC) and forced
13

expiratory volume in one second (FEV1) by using a hand-held Contec SP10 digital spirometer
(Contec Medical, Qinhuangdao, China). Calibration of the spirometer was checked with a threelitre calibration pump, and the measured volume was found to be acceptable, that is, within 1% of
the target calibration pump volume. Additionally, Joshi and Watts [60] determined that vital
capacity measurements done with this hand-held SP10 are highly reliable when compared with a
pneumotachograph-based instrument (Pentax Medical Phonatory Aerodynamic System [PAS]:
Model 6600, Tokyo, Japan).
Peak expiratory flow (PEF). PEF reflects the spaciousness of the airway, strength of the breathing
muscles and elasticity of the lungs. It was measured in this study with MiniWright 60–800 l/min
meter for adults (Clement Clarke International, Harlow, Great Britain) which is compliant with EN
23747 Standard.
Spirometry and PEF measurements were performed using the guidelines of the American Thoracic
Society/European Respiratory Society [61] and the Finnish Society of Clinical Physiology and
Finnish Respiratory Society [62]. Disposable cardboard mouthpieces were used to avoid crossinfections among the participants.
2.4 Statistical analyses
The IBM SPSS Statistics 24 for Windows (IBM, Armonk, NY, USA) was used in the analyses. The
non-parametric Wilcoxon signed-rank test was used as the statistical test to explore the possible
changes as a function of the WellO2 intervention. Effect size calculations were based on Cohen’s d
(applied using the Wilcoxon signed-rank test Z scores). Effect sizes exceeding 0.5 were considered
to represent large to very large magnitudes [63].
Regarding the auditory-perceptual assessment of the speech samples, Cronbach’s alpha was
calculated for reliability of the judgments of the grade component of GRBAS, and intraclass
correlation coefficient (ICC) estimates with their 95% confidence intervals based on mean-rating,
consistency and a 2-way mixed-effects model were used in analysing the reliability of using the
GRBAS components on the VAS scale. Koo and Li [64] suggest that inter-rater agreement is poor if
ICC values are less than 0.5, moderate with ICC estimates between 0.5 and 75 and good with ICC
14

estimates between 0.75 and 0.9. Spearman’s rho was used in finding out the correspondence of
grade component of the ordinal-scale GRBAS and G assessed using the VAS scale. An alpha value
of 0.05 was adopted as the value for statistical significance.

3 RESULTS
According to their self-reports, the participants used the WellO2 device during the four-week
intervention for, on average, 256 min (SD 33.57), that is, a bit over four hours. At minimum, the
duration using the device was 225 min, and at maximum, 315 min. Mean duration of the daily
exercising was 10 min (SD 0.52). The mean number of days the WellO2 device was used was 26 (SD
3.34), and the most typically selected temperature was 2 (scale 0‒3) and counter pressure 2 (scale
0–3).
3.1 Voice symptoms and PPE
According to their self-reports, our participants had mostly mild voice disorders; three of them
suffered from three vocal symptoms most weeks or more frequently, and one had one vocal
symptom that emerged daily or most days. The remaining two had symptoms occurring monthly
or less often. The most typical symptom of the participants was that their voice became hoarse.
Other frequently occurring (at least weekly or most weeks) symptoms were the voice becoming
tired, and there also was a frequent need to clear the throat. The participants experienced these
symptoms both before and during the intervention period, and between these periods, no
significant difference was found in the nature and frequency of self-perceived vocal symptoms.
PPE was reported using a VAS scale right after recording of the voice samples. No significant
difference was found between the assessment preceding (mean 59, SD 8.91) and following (mean
43, SD 25.67) the intervention, although four out of six participants did report voice production to
be less effortful after the intervention with the mean improvement being 17 (SD 26.46).
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3.2 Voice quality
3.2.1 AVQI total score and its parameters
The AVQI 03.01 total scores were over the cut-off level in all the participants before the WellO2
intervention (mean 3.30, SD 1.36), indicating that they had a voice disorder (see Figure 2 and Table
1). Dysphonia severity was reduced after the intervention in five participants with two participants
reaching the normal value. Improvement in the AVQI total score was significant with a large
treatment effect (r = –0.576). HNR, shimmer local (%) and shimmer local (dB) also improved
significantly with p < 0.05 in both cases. Effect size for HNR change was 0.636, for shimmer local
(%) change –0.636, and for shimmer local (dB) change –0.638.

FIGURE 2.
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TABLE 1. Mean and SD of the AVQI 03.01 Total Score and the Six Parameters Constituting It
before the Four-Week Respiratory Training and after It

AVQI total
score
CPPS
HNR
Shimmer
local (%)
Shimmer
local (dB)
LTAS
slope

Mean

Before
SD
Min–max

Mean

After
SD
Min–max

Z

P

3.30

1.36

2.07–5.77

2.26

0.73

1.68–3.67

–1.992

0.046

11.43
18.59

1.85
1.67

8.19–12.84
16.11–20.77

12.27
20.35

1.18
1.58

10.36–13.47
18.51–22.68

1.363
2.201

ns
0.028

6.83

2.74

3.86–11.05

4.28

0.65

3.62–5.31

–2.201

0.028

0.69

0.29

0.38–1.12

0.44

0.05

0.37–0.52

–2.207

0.027

-28.76–
-30.16–
-25.79
3.28
0.314
ns
-21.02
-20.88
-12.21–
-12.14–
LTAS tilt
0.55
-11.53
0.52
1.753
ns
–11.67
-10.62
-10.62
CPPS = Smoothed cepstral peak prominence, HNR = Harmonics-to-noise ratio, LTAS slope = Slope of longterm average of spectrum, LTAS tilt = Tilt of trend line through long term average of spectrum.

–25.56

2.54

3.2.2 Perceptual assessment
Cronbach’s alpha (internal consistency) for the perceptually assessed grade component of the
ordinal-scale GRBAS was 0.825 before and 0.455 after the intervention. Reliability of the listener
judgments in all components of the GRBAS scale on VAS was analysed with ICC. ICC estimates
ranged from 0.67 for S with the 95% CI [–0.099, 0.947] to 0.86 for B with 95% CI [0.539, 0.978]
before the intervention, and from 0.34 for A with 95% CI [–1.989, 0.895] to 0.72 for B with 95% CI
[0.071, 0.995] after the WellO2 intervention.
Before intervention, participants’ scores on the GRBAS scale, based on the mean of five listeners’
evaluation, ranged from G1R1B0A0S0 to G2R1B2A1S2, with the mean values of 1.23 (SD 0.817) for
grade, the most affected component. After the intervention, mean of the grade component
among the six participants was 1.03 (0.669) indicating improvement, although the change was not
significant.
The mean VAS value of the perceptual assessment was 37 (SD 22.89) before and 30 (SD 19.70)
after the intervention with the improvement being significant (see Table 2). The values for
roughness and strain were also significantly lower after the training period compared to the
situation prior to training. Effect sizes for the changes were large: for grade –0.636, for roughness 17

0.585, and for strain –0.576. Grade component of the ordinal-scale GRBAS and on VAS correlated
strongly before (r = 0.986, p < 0.001) and after (r = 0.853, p < 0.05) the intervention.
TABLE 2. The Values for the GRBAS Components on VAS before and after the Four-Week
Intervention. The Higher the Value, the Poorer the Voice Quality

Grade (G)
Roughness (R)
Breathiness (B)
Asthenicity (A)
Strain (S)

Mean
36.9
29.3
31.7
18.7
34.3

Before
SD
Min–max
22.89
11–84
22.40
0–82
22.72
0–82
22.00
0–82
21.35
1–90

Mean
30.2
22.1
27.4
14.7
23.5

After
SD
Min–max
19.70
4–83
22.79
0–81
20.18
0–81
19.40
0–80
21.69
0–85

Z

P

–2.201
–2.023
–1.153
–1.472
–1.992

0.028
0.043
ns
ns
0.046

3.3 Breathing measurements
As observed before the intervention, breathing frequency of the participants was, on average,
12.7 breaths/min (SD 1.63), which is considered normal, with ideal breathing frequency of adults
being 10 to 14 cycles/min [65]. Breathing frequency did not significantly change after the
intervention (mean 10.8 cycles/min) compared to pre-intervention measurement results. The
initial PEF values (mean 457 litres/min, SD 52.79), individually proportioned to age and height,
were also within the normal range [62,66] even though five of the participants had asthma. No
significant difference was found between the time point before and after the WellO2 intervention
in the measurements of FVC or FEV1. Both pre- and post-intervention mean values were below
the reference values (FVC mean 3.65, SD 0.68; FVC1 mean 2.91, SD 0.61) of Finnish healthy nonsmoking female adults (N = 613) [66].
All six participants perceived their breathing to be less effortful at post-intervention when asked
immediately after the voice tasks (Z = –2.201, p = 0.028). According to VAS values, the effort
decreased by 24 scores (SD 16.70) from the pre-intervention (mean 45, SD 27.36) to postintervention (mean 21, SD 16.83).
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4 DISCUSSION

Our study showed that a four-week training that activated respiratory muscles and hydrated the
surface of vocal folds was able to improve voice quality, even though no direct vocal exercises
were included in the exercise programme. Objective and perceptual assessment variables
indicated improvement in voice. AVQI total score and shimmer were lower and HNR was higher
(with moderate effect sizes) after the intervention than before it. The listeners, who were speech
and language therapists, experienced in perceptually assessing voice disorders, heard
recuperation in the overall voice quality, roughness and strain assessed using VAS. The mean value
of the overall voice quality decreased by 6.7 scores on the VAS scale and was 30 after the
intervention. If the cut-off point, 34, for the disordered voice is applied, as used by Uloza et al.
[67], our participants’ voices were healthy on the group level after the intervention with a large
effect size. The participants also reported their breathing to be less effortful after the training.
However, the participants’ voice symptoms and perceived phonatory effort did not change during
the intervention. The impact of the small number of participants and the resulting large standard
deviation on these results need to be considered.
In our intervention, there were two factors that influenced the voice production system: laryngeal
hydration with warm steam and expiratory muscle strength training. As far as we know, there are
no previous studies combining these two interventions. Therefore, we now compare the effects of
the two methods with earlier results separately. A comprehensive comparison of our results will
also remain limited because the variables applied by the two interventions that we combined have
not been identical in research literature: voice related parameters have mostly been measured in
hydration interventions (see [29]), whereas expiratory flow or pressure have been measured when
training breathing (see, e.g. [68]). Hence, a reader needs to keep in mind that both hydration and
expiratory training have affected our results at the same time, although we discuss the two
methods separately.
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4.1 The effects of hydration
Our results are mainly in line with the findings of the studies that have assessed the effects of
hydration on the vocal tract. In particular, shimmer seems to be a parameter that reacts to the
hydration level: it decreases when vocal folds are hydrated [69-70] as in our study and increases
when they are desiccated [69,71]. The effect has been found both in surface [69] and systemic [70]
hydration/dehydration interventions. Decreased shimmer values indicate more even vocal fold
vibration and healthier mucosa of the vocal folds.
In addition, we found that an increased HNR also reflected improved voice quality. This has also
been verified previously [69], although not always (systemic hydration: see [30,72], surface
hydration: see [31, 71]). Increased HNR is known to correspond with the perceptual assessment of
decreased roughness [73], the change of which the listeners also observed in the present study.
The other acoustic variables – CCPS and slope and tilt of LTAS – did not change during our
intervention. This outcome was not what we expected because these parameters also express
noisiness (aperiodicity) in a sound just as HNR does. The discrepancy may originate from the fact
that the parameters measure noisiness in different ways by using different algorithms. Further,
these acoustic parameters have also been shown to correlate with different perceptual voice
qualities: CCPS manifests breathiness [74], whereas LTAS variables reflect hypo-hyperfunctional
[75] or overall voice quality [76].
Our results showed inconsistency between the perceptually assessed variable ‘strain’ and LTAS
measurements: strain/hyperfunction decreased in the participants’ voices, but this change was
not found in the LTAS parameters. Assessment of the degree of strain/hyperfunction in voice
seems to be rather complicated. Although voice experts, according to our clinical experience,
recognise it quite easily when working with patients, in many studies, both the reliability between
listeners in assessing strain [77] and the correlation of perceptually assessed strain with acoustic
parameters [78] have been poor. This concerns especially mildly impaired voices [77] – which our
participants’ voices represented. It is quite typical for mildly impaired voices that
strained/hyperfunctional voice quality is not continuous in speech but appears intermittently at
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the end of sentences. In such a case, a listener might evaluate a specific voice as being more
strained than LTAS measures in an acoustic analysis programme would show.
Generally, perceptual evaluation has quite seldom been used in studies assessing the effects of
hydration on voice. Based on our literature search, only three studies have used assessment by
listening [30-31,79], and in only one of them, listeners could perceive that a change in voice
quality had taken place. This was an intervention that comprised systemic dehydration and vocal
loading (singing rehearsal without intake of any fluids during two hours before and during the
training) [79]. However, no change was detected perceptually in the other two studies.
Interestingly, the arrangements of these two last mentioned studies resembled ours more than
the first study: one of the studies used nebulization for hydration [31], and the other two were
longer-term interventions (five days in the study of Verdolini-Marston et al. [30] and one month in
the study of Rocha Santana et al. [31]). It is possible that the combination of warm inhaled steam
and the expiratory muscle training contributed to the positive results of our study.
Our intervention seemed to bring out somewhat larger-scale favourable changes in voice variables
than earlier hydration studies (see a review in [29]). One explanatory factor may be that our study
was carried out during winter when air was constantly dry and therefore generated a similarly
demanding environment for all our participants. During the wintertime, outdoor temperature in
our area is typically below zero (mean temperature about 14 ºF/–10 ºC). This means that the
moisture-retaining capacity of air decreases dramatically, followed by a decline of indoor
humidity. Cold air contracts capillaries, and this most probably negatively affects the vibration of
vocal folds. Additionally, dry winter air has been shown to dehydrate mucosa of the respiratory
tract and cause complaints of dryness of throats and noses [80]. It is assumable that cold weather
influences laryngeal mucosa in a similar way, especially as the surface of vocal folds rapidly reacts
to exposure to dry air [23,71].
Although four out of six of the participants of our study had a lower PPE score after the
intervention with the WellO2 device than before it, there was no significant difference between
the ratings before and after the intervention. Tanner and colleagues [81], also using the rating of
vocal effort using VAS, detected a significant improvement in PPE when nebulized isotonic saline
was used in the intervention. This discrepancy may derive from the greater number of participants
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in their study or the differences between saline water and warm steam with no saline which we
used. However, our laboratory study with 12 participants with no voice problems showed that,
according to most participants, ease of phonation (also reported using a VAS) increased after a
short, 15 respiratory cycle training with the WellO2 device [82].
4.2 The effects of expiratory muscle strength training
According to our results, the participants reported their breathing to be significantly less effortful
after the intervention than before it. Although very few interventions have used the rated
respiratory effort, they have revealed both similar [83] and contradictory [84] results. Most of the
12 vocally healthy participants in our earlier study also reported increased ease of respiration after
a short WellO2 training [82]. Abdominal breathing activates the vagus nerve [85], the fibres of
which have close connections with the trachea and affect both smooth muscle activities and
phlegm secretion [86]. We assume that, via both routes, the impact on mucus secretion and
airway dilation could have led to subjectively reported less effortful breathing in our study.
Namely, secretion of phlegm was one of the complaints many of our participants expressed prior
to the intervention, and the self-reported severity of this symptom was somewhat decreased after
the WellO2 training.
Furthermore, in the present study, no significant changes were found in the objective pulmonary
function tests. Earlier studies also did not find changes in respiratory tests after training [38-39]. It
is possible that the pulmonary tests we used may not have been sensitive enough to detect
alterations. Namely, in several studies, expiratory muscle training had an impact, but on a
different variable, such as maximal expiratory pressure ([38-39], see also [68]). Another reason for
our non-significant results may have been caused by the low number of our participants.
Maximum expiratory effort is used in expiratory muscle training with pressure threshold devices
[68] because vigorous exhalations are needed to open the pressure relief valve housed in such
devices [87-88]. However, the duration of the maximum effort is about one second [87], and it is
not considered to require a significant physical and respiratory effort even when the respiratory
tasks are repeated [68]. Maximum effort is usually not used in WellO2 exercises. Instead, training is
based on long, 10- to 15-second inhalations and exhalations. To obtain clearer changes in
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respiratory muscle strength, a longer training period is therefore probably needed than the 10minute daily training over a four-week period which we used.
Self-reports of some participants revealed that breathing using the WellO2 device, per se, may
have positive effects. One participant pointed out that the deep breathing needed while using the
WellO2 calmed her down and enhanced falling asleep in the evenings. This indicates a close
connection between respiration and the nervous system: a slow abdominal/diaphragmatic
breathing reduces sympathetic activity and enhances vagal activity [85]. Furthermore, deep
breathing positively influences physiological and psychological factors by decreasing blood
pressure [85], and cortisol [89-90] and stress [90] levels and by improving mood [89-90].
Decreased stress levels may also have had a beneficial effect on our participants’ voices because
stress is a risk factor for developing a voice disorder. Namely, stress changes the acoustic features
of the voice [91-92] and also increases the occurrence of voice symptoms. Cortisol levels are also
found to be higher in those individuals who suffer from voice symptoms [93-94]. In further studies,
it would be worth obtaining the participants’ wider views on the use of the WellO2 device.

4.3 Generalizability of the results
As a pilot study, we had only six participants with no control group, so no strong conclusions can
be drawn on the basis of the results. The participants were recruited to the present study
according to their voice symptoms: their most typical problem was the voice becoming strained,
tired or hoarse. These kinds of complaints have been found to be typical of relatively mild
functional voice disorders in studies where no vocal pathology has been found [40]. Additionally,
in the listening tests, all the subjects were assessed by more than one of the experienced speech
therapists as having, at least, mildly disordered voice quality (expressed by the grade component
of GRBAS). However, only two of our participants had been examined by a phoniatrician, while
others had no formal diagnosis, so we could not confirm the etiology of their voice problems.
Despite the missing formal diagnosis, our participants represented a population having asthma
[47] and other respiratory and voice symptoms often associated with poor indoor air quality [9596]. Because of these problems, the participants would potentially benefit from breathing
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exercises, phlegm removal and warming and humidification of the vocal tract and the respiratory
system.
Although acoustic and perceptual variables showed positive changes in the voice variables in our
study, the participants’ voice symptoms were not relieved. The intervention time (four weeks) and
frequency of exercising (use of WellO2 only once a day for 10 minutes) may have been insufficient
for easing voice symptoms. In voice therapy studies showing reduction of symptoms, the length of
interventions has been from six weeks to three months [97]. In the respiratory training study
where symptoms were alleviated, intervention lasted for five weeks and, consisting of exercises
conducted five times a day, was more intensive than that of ours [39]. Further, it is also possible
that combining straight vocal exercises with expiratory muscle training is needed to reduce voice
symptoms as Wingate and colleagues [41] have shown.

4.4 Conclusions
We found favourable effects of humidification of the vocal tract and respiratory training using the
WellO2 device. Larger-scale studies with a greater number of participants and more severe voice
disorders, also including a comparison group, are needed to confirm the results of the present
pilot study.
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Figure captions

FIGURE 1. WellO2 device with its cross-section (source: https://wello2.com/product/): 1) double
body structure and (2) safety valves of the breathing regulator which protect the user from
exposure to hot water, (3) Tritan plastic material free of bisphenol A and estrogenic activity, (4)
mouthpiece and breathing regulator, (5) settings for counter pressure, temperature selection and
cleaning programme and (6) integrated cleaning basket for sanitation of the device and its
accessories. Photo and picture used with written permission from the manufacturer, Hapella Ltd.,
Kuopio, Finland.

FIGURE 2. Individual AVQI 03.01 total score of the participants (N = 6) before the four-week
respiratory training period and after it. Horizontal line indicates the AVQI 03.01 cut-off score
(1.83), which separates normophonic voices (below the horizontal line) from dysphonic ones
(above the line) in adults speaking Finnish.
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