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Are different approaches required when using water resistant tube phonation exercises to offer the most effective treatment to adults with hyper or hypofunctional dysphonia?

Introduction
As a Speech and Language Therapist (SLT) working in voice, I work with a wide range of voice problems and use a variety of therapy techniques to try and achieve an acceptable voice quality for my clients. One of the most frequently used exercise strategies in my toolbox are Water Resistant Tube Phonation Exercises (WRTPE). WRTPE have been used by Voice Specialist SLTs in the treatment of voice disorders for the past 15 years (Simberg and Laine, 2007). They are often favoured for their ease of application, cost-effective equipment and flexibility to be applied to a range of voice disorders (Batista et al., 2022). In my current practice, I use one protocol and the same equipment to treat a range of both hyper and hypofunctional voices with only slight variations according to the individual needs of the client. While WRTPE exercises have been shown to be effective for a wide range of client goals (Batista et al., 2022), there are many potential variations which could be applied to maximise their treatment impact. These include tube diameter, material, and level of submersion into water. Variations could also be applied to dosage including the time spent on exercises, the number of repetitions of exercises and the length of treatment course. 
WRTPE form part of the repertoire of Semi-Occluded Vocal Tract Exercises (SOVTEs) used to reduce constriction in the larynx, improve vocal efficiency and voice quality (Titze, 2006). Semi-occlusion is achieved by partially closing the vocal tract with the lips or tongue, or by using a straw or a hand over mouth technique to increase resistance and oral air pressure (Andrade et al., 2014). Immersing the end of the straw in water whilst gently voicing was initially suggested by Sovijarvi in the 1960’s as a technique to improve voice quality, but there is little written evidence of the techniques he used in practice (Simberg and Laine, 2007). In the last decade, there has been a significant increase in research into how these exercises can be applied to produce the most effective outcomes for a range of voice complaints (Sanz Lopez et al., 2020; Batista et al., 2022). 
A scoping review completed by Batista et al., (2022) highlighted the breadth of research into the immediate impact of WRTPE on a range of voice disorders but acknowledged the lack of longitudinal studies into the long-term effectiveness of WRTPE and the paucity of research into specific protocols and treatment plans which could be applied to clinical practice. At a time of increasing pressure on NHS service provision, I am keen to be able to offer the most effective and efficient treatment for my clients. The purpose of this literature review is therefore to further inform my practice of WRTPE and investigate whether there is sufficient evidence to support variations in application that can be applied to different voice disorders. By completing this study, I hope to be able to optimise the effectiveness of the treatment I offer to clients with specific treatment goals and ensure that I am following the most up to date, evidence-based practice.   
Programme of Study
Aims
· To develop a detailed understanding of how WRTPE can be modified to offer the best outcomes to a range of different voice disorders or treatment goals.
· To work towards offering different therapy protocols using WRTPE for clients with different voice disorders or treatment goals.
Objectives
· To develop my literature research skills and understanding of research methodology
· To develop my critical analysis of literature
· To develop my understanding of the theoretical underpinnings and evidence base for WRTPE.

Literature Review Methodology
[bookmark: _Hlk181183158]The aim of this project is to guide my practice and clinical decision-making in relation to a range of different voice disorders and treatment goals. In order to answer this specific clinical question, a systematic review has been chosen as the most appropriate research strategy (Munn et al., 2018). As an insider researcher, I have a bias towards an assumption that these exercises are beneficial in practice, having seen improvement in the voice quality and throat discomfort in my clients. I do, however, aim to carry out an unbiased review of the evidence for how WRTPE may be applied more specifically to different caseloads (Aromataris and Pearson, 2014). Given the time and resource limitations of this project, I am aware that a complete and comprehensive systematic review is not a realistic goal, and therefore acknowledging the limitations placed on the project, setting clear inclusion and exclusion criteria is key to maintaining the validity of this research (Tricco et al., 2015; Moons et al., 2021). A rapid review following a systematic research methodology offered the most appropriate review style for this project given the specificity of the clinical question posed. 
The majority of research into WRTPE has been carried out with a positivist philosophical position using a quantitative methodology, an approach which has historically been favoured in healthcare research (Everest, 2014). WRTPE exercises lend themselves to this approach given the ease of measuring specific quantifiable variables such as air pressure, straw depth or voice quality (Guzman et al., 2018b). In carrying out my research, I believe my own position is more pragmatic. While I feel there are general treatment principles that can be applied to certain voice conditions, I am also aware that individual differences in anatomy, severity and presentation of voice disorder, and individual client preferences and goals will impact treatment application. It is therefore unlikely that a single approach or protocol will be successful without allowing for individual variation (Kadlec, 2006). A more pragmatic approach will therefore allow me to apply my research knowledge more practically in the clinical setting.       
I carried out an initial general literature search using a ‘berry picking’ approach through the UWTSD library in pursuit of a key piece of research (my ‘pearl’) from which to centre my research, identify key themes and develop my inclusion and exclusion criteria (De Brun and Pearce-Smith, 2013). These are discussed under the subheadings below:
· Included Time Period
It became clear during my initial searches that the majority of research had been written since 2007 (Simberg and Laine, 2007). I therefore decided that literature published between 2007 to the present would be the focus of my study.
· Human Studies 
Given that my focus was on the practical application of WRTPE to clients, I decided to exclude papers that were based on theoretical modelling of the exercises, for example Titze (2020), who used computational modelling to investigate the impact of semi-occlusion on vocal tract shaping. While they may support the theoretical understanding of the impact of WRTPE, they may not offer any direct implications for practice.
· Voice Disorder Categories- Exclusions
Because of the wide applicability of WRTPE to many different voice disorders, research has been carried out on a wide range of conditions. I therefore decided on a narrow range of voice disorders to allow for more detailed study into fewer areas. 
· Malignant voice conditions were excluded as this is not part of my clinical caseload and therefore would not be directly applicable to my workplace. 
· Research associated with breathing conditions rather than voice were excluded. In my current practice, these clients would be managed by respiratory physiotherapists rather than myself. 
· Studies relating directly to recovery from benign vocal surgery were also excluded due to the specificity of this patient pathway.
· Studies relating to neurological degenerative disease e.g. Parkinson’s Disease were also excluded as they are not part of my current clinical caseload.    
· Voice Disorder Categories- Inclusions
The main focus of my study was to see whether different applications of WRTPE should be applied depending on whether the goal of treatment is to increase or decrease muscular activation in the larynx.
· I sought out studies relating to behavioural voice disorders including hyperfunctional voice disorders, e.g. muscle tension dysphonia and vocal fatigue as these form a significant proportion of my caseload. Clients with a primary muscle tension relating to specific vocal technique or secondary muscle tension as a compensation for an underlying condition would potentially benefit from any specific exercise applications gained from this research (Paes et al., 2013; Guzman et al., 2016).   
· Hypofunctional disorders also form a large percentage of my clinical caseload and therefore studies of participants with presbyphonia (ageing) and vocal fold palsy/paresis were included (Guzman et al., 2018b; Tsai, M.et al., 2023; Tsai, L. et al., 2023).
· Studies of healthy voices were also included to support my understanding of the evidence and the physiological changes brought about by WRTPE (Guzman et al., 2016; Radolf et al., 2014; Tyrmi and Laukkanen, 2017). 
Key themes were identified for the focus of my research relating to the practical application of WRTPE. These were divided into the categories below which formed the basis of my rubric spreadsheet (see appendix 1). 
· Diameter and material and length of the tube (Amarante Andrade et al., 2016; Guzman et al., 2021; Tyrmi et al., 2017).
· Level of submersion into water (Guzman et al., 2016; Guzman et al., 2017; Simberg and Laine, 2007; Sanz Lopez et al., 2020).
· Exercise protocols used (Tsai, L., et al., 2023; Antonetti et al., 2023; Meershman et al., 2024; Wu and Chan, 2020). 
· The optimum timing and number of repetitions of exercises (Bassetto and Constantini, 2024; Tsai, L. et al., 2023; Guzman et al., 2017).    
My initial ‘berry picking’ approach to seeking relevant literature (Bates, 1989) revealed that the WRTPE exercises were referred to using a range of terminology, and therefore searches were carried out using the terms “Water Resistant Tube Phonation Exercises/ Treatment” “Tube Phonation” and “Lax vox”. These searches yielded around 50 relevant articles relating to a range of different voice disorders. Discovery of my ‘pearl’, a scoping review of WRTPE (Batista et al., 2022) suggested that relatively few research articles presented a comprehensive protocol of the exercises used. I therefore decided to expand my search into grey literature in order to search for further examples of the application of WRTPE exercises in clinical practice. I limited my search to ‘Tier 1’ (Adams et al., 2017) grey literature including books, articles or online resources which were well-supported by references from white literature.                
Whilst being aware that I am unlikely to achieve saturation in a rapid review, I intend to carry out as exhaustive a search of both white and tier one grey literature as possible by searching the terms discussed above through the UWTSD library, google scholar and my professional body, the Royal College of Speech and Language Therapists journal collection. Any pertinent sources not directly available will be sourced through the UWTSD Library ‘need more’ request system. I will use the information found through my initial ‘berry picking’ to then search by forward and backward chaining, and citation searching by the references of the articles already found, frequently referring back to my ‘pearl’ which had a comprehensive reference list for articles written before 2022, and forward chaining to ensure I had found the most up to date research. Once I am no longer discovering new or different perspectives or articles in my literature searching and synthesis, I will be satisfied that I have enough information on which to base my review (Torraco, 2016).
The data analysis stage of my research will be looking for key themes and differences in how the WRTPE can be applied to different voice disorders and to achieve different goals. I will therefore carry out a meta-synthesis of the data rather than the direct comparison required for meta-analysis. This is because the diversity of research methods, data collection tools and participant groups do not lend themselves to direct comparison (Randolph, 2009). I intend to produce a spreadsheet and rubric (see appendix 1) to help synthesize the data and analyse for similarities and differences in application of WRTPE.  


Critical Reflection
I have chosen to use Atkins and Murphy’s (1993, see Table 1) model of reflection to frame my critical reflection on my recent study because it offers flexibility in application and encourages deep critical reflection. This study has enabled me to take the time to take a step back from reflecting in the moment as I would when using these exercises in clinical practice (Schon, 1983) and to reflect in more detail about how I can make positive changes to my practice.   
  [image: A diagram of a reflection model
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Table 1: Atkins and Murphy, 1993. 
Stage 1: Awareness
My interest in learning more about WRTPE exercises was spiked by recent attendance at a course and in clinical conversations with peers. I have been using these exercises for several years in my clinical practice, and was aware through experience of their effectiveness, but had not previously explored the theoretical evidence behind them in any detail, or considered any particular nuances in application which could make them more effective for particular caseloads. I decided therefore to use this opportunity to increase my knowledge of the exercises and explore any variation in clinical application to different voice disorders. In my initial scoping for the topic, I discovered an online short course run by the Voice Study Centre which also gave me some initial references and ideas on where to focus my early research, and the parameters I might consider in scoping my subject area. 
Stage 2: Analyse Feelings and Knowledge          
My initial reading on possible methodologies for my literature review led me to feel that as I was answering a specific clinical question, a systematic review was the most appropriate to use for this study (Munn et al., 2018). Given the timescales of this project, I needed to develop quite strict criteria for inclusion and exclusion, and clearly define the boundaries of the project to avoid losing time going down rabbit holes and reading research that was not directly related to my topic, even if it sparked my personal interest (Makri and Buckley, 2020). Also important was my consideration of what the main themes to consider might be to help focus my reading, but also begin to think about how I might structure the chapters of my literature review. I used mind-mapping to develop my inclusion/exclusion criteria, both in terms of what papers should be included in my literature search and also what features of the application of WRTPE should be included in the writing of my literature review (Wu and Wu, 2020). This helped to keep my focus on the criteria and boundaries of the project and start to develop my critical thinking around what was going to contribute the most to developing my practice. It also helped to identify the criteria for my rubric (see appendix 1).    
At the start of each new period of learning I always feel some anxiety around my time management and ability to complete the project. My previous modules have, however, enabled me to develop some effective routines around managing my time and research. I use Mendeley to store and highlight useful or interesting sections of each paper I read. I use a combination of the UWTSD Library, Google Scholar and my Royal College of Speech and Language Therapists journal access for my profession-specific journals. I have found this to be a time efficient and thorough way of searching for articles.  
3. Analyse
As my research progressed, I was pleased to find that many of my previous assumptions and experiences of WRTPE were borne out in the literature. I found that my research strategies and methods for storing and recording my observations for the literature review were working well. As my research progressed, I felt some uncertainty around my decisions for inclusion/ exclusion criteria. Through my literature searches I found many more articles relating to the use of WRTPE in singers, people with a diagnosis of Parkinson’s Disease and people who had vocal fold surgery for benign lesions (e.g. polyps, cysts, nodules). All these clinical groups are part of my current practice and it would be beneficial to learn and include these. I felt somewhat uncomfortable in excluding these groups from my research. That said, I was aware of the time constraints of this project and felt that broadening my research criteria when halfway through the time period set aside for research would result in my research being incomplete (Swift and Wampold, 2018). I did, however, feel that this may be a useful area to expand any future research into WRTPE. 
Another area of uncertainty emerged as I was reading my research. Many of the studies I read looked at the aerodynamic impacts of WRTPE exercises in complex scientific detail, looking at the flow of air particles and how this impacted vocal fold vibration. After a significant amount of reading, I realised I was still struggling to understand concepts such as airflow declination (Apfelbach and Guzman, 2024). I considered this in terms of Bloom’s Taxonomy which has 6 levels of understanding:
· Remember
· Understand
· Apply
· Analyse
· Evaluate
· Create
While I felt some uncertainty and lack of confidence around understanding the fine detail of the science behind airflow, I thought I was able to remember, understand and apply the knowledge I had to the execution of WRTPE exercises. While I did not have a deep enough understanding to be able to evaluate or use this concept in a research capacity, at this stage I did not think this was essential in the context of this project. I was however aware that understanding the aerodynamics of WRTPE in detail may be a future aim if I chose to pursue further research in this area. I did feel however, that I had developed my knowledge significantly in the theoretical underpinnings of WRTPE and would be able to apply some of the principles directly into my practice, most particularly around submersion depth and dosage of exercises.  
I concluded my research at a point where I felt I had reached saturation point within the boundaries I originally set out for my research. For this project I felt saturation meant that I had looked thoroughly at the applications of WRTPE in research in the context of hyper and hypofunctional voice disorders and was no longer discovering any new or contradictory themes or applications of the exercises (Saunders et al., 2018). While I was aware that this was not exhaustive in terms of all the clinical groups that the exercises could be applied to, I felt I had sufficient information to be able to apply some of the principles I had learned into my practice. As my research progressed, I became aware that a large percentage of the research I was reading had come from the same author. While the research was completed to a high standard of rigour, I felt it was important in terms of saturation and bias that I made a conscious effort to ensure I had found as many articles as possible written by other authors. Forward and backward chaining and using different search terms helped me to find as many articles as possible and achieve a satisfactory level of saturation. 
One of the challenges of this project was the heterogeneity of research methods and outcome measures used in the published research which meant that direct analysis between different strategies was not possible. The evidence base therefore remains limited for these exercises in terms of specific application and dosage for different voice presentations (Batista et al., 2022). While I am aware that a significant amount of further research is required to provide a robust evidence base, I feel there are general principles backed by the theory of WRTPE which can support my changes in practice, but I remain aware that there will never be a single approach and the individuality of client’s baseline condition and vocal goals will always need to be at the centre of treatment decisions. 
4. Evaluate
I feel I have improved my discipline around keeping within the boundaries of my current research and have learned that choosing a narrower target can be useful in order to be able to investigate a topic deeply and reduce any feelings of overwhelm at the size of the task in hand. I was happy with my strategies for storing and recording my research and critical thinking and will use mind-mapping and spreadsheets again for future projects, particularly when looking at quantitative figures. 
I feel my knowledge and confidence in using WRTPE has increased through this project. I now feel that I have a greater understanding of why I would use these exercises and have the knowledge of the evidence base which is underpinning my clinical decisions. I now feel I can support my decisions more effectively and confidently:
· The diameter and material of the tube is less important than depth when using water submersion (Amarante Andrade et al., 2016), and therefore I feel confident that making the decision based on what is commercially available and cost effective for the NHS will not have a negative impact on the effectiveness of the exercises. Also varying the length of tube based on the postural and positional requirements of individual patients will have more beneficial impact than a specific length of tube (Batista et al., 2022).

· The depth of submersion of the tube can be varied to offer the most effective treatment; shallow submersion should be used for hyperphonia to encourage maximal massage effect and rebalancing of the laryngeal musculature (Guzman et al., 2021; Yamasaki et al., 2017) and deeper submersion for hypophonia to encourage activation of the thyroarytenoid muscles (Simberg and Laine, 2007; Guzman et al., 2016, Amarante Andrade et al., 2014). That said, hypophonic patients who cannot achieve voice on deep submersion will still benefit from completing the exercises at a shallower level and may be able to progress towards deeper submersion (Guzman et al. 2016; Tsai, M et al., 2024). 

· I am reassured that the extra effort required for deeper submersion does not result in increased collision pressure on the vocal folds and is therefore unlikely to cause vocal fold injury (Tyrmi and Laukannen, 2017; Laukkanen et al., 2020).

· There is little evidence to support a specific protocol of exercises for WRTPE, however the range of exercises I currently use is broadly representative of what is in the literature and can be applied to both hyper and hypophonic voices (Guzman et al., 2023, Antonetti et al., 2023; Wu and Chan, 2020; Denizoglu, 2019).

· There is little evidence to support exercise dosage or length of treatment, and little evidence of the long-term impact of exercises, and it is likely that these parameters will always need to be highly individualised based on individual goals, fatigue levels and vocal demands (Johnson and Sandage, 2019; Bassetto and Constantiti, 2024). 

· Short, frequent episodes of varied practice involving all subsystems of voice production seem to offer the most effective increase in long term learning, accuracy and transfer into behaviour change, regardless of age (Maas et al., 2008). Further research is required however into the application of motor learning theory and exercise science to voice therapy (Batista et al., 2022). 
5. Identify 
In future, I would like to further develop my knowledge of the aerodynamic impacts of WRTPE and how these relate to my practice. I also feel I would like to understand more about motor learning and exercise science in order to apply this more generally to my practice. 
I would like to expand my knowledge further on the application of WRTPE to a wider range of disorders including phonosurgery patients and neurodegenerative conditions such as Parkinson’s Disease. I would also like to consider the differences between men and women and how this might impact the dosage of WRTPE exercises. I would also like to consider how different protocols may benefit different voice disorders.
Conclusion
I have really enjoyed this in-depth study into WRTPE and feel that my knowledge and confidence in my understanding of these exercises will have a significant impact on my practice and allow me to adapt the exercises to offer the most effective treatment for my clients with hyper and hypofunctional voice disorders. I have already been able to apply my knowledge in the clinical setting and I am keen to spend time developing the resources I use to be more specific for the different voice disorders which benefit from the use of WRTPE. I feel I have met my original aims and objectives for this project, having deepened my understanding of WRTPE to enable me to modify my treatment to meet the needs of the different client groups. I feel I have honed my research and critical evaluation skills further and learned about the application of different research methodologies which I can take forward into future projects.       



Are different approaches required when using water resistant tube phonation exercises to offer the most effective treatment to adults with hyper or hypofunctional dysphonia?
Introduction
Water Resistant Tube Phonation Exercises (WRTPE) have been used by Voice Coaches, Singing Teachers and Speech and Language Therapists (SLTs) in practice since the 1960’s. They were first introduced in Finland by Sovijarvi and have become common practice around the world in the last 30 years (Simberg and Laine, 2007). They are used to improve vocal efficiency, reduce vocal fatigue and throat discomfort and improve voice quality. Prior to 2007, little evidence-based research into the effectiveness or theoretical underpinnings of these exercises existed. In the last 20 years, possibly as a result of the increasing use of WRTPE in practice, there has been a significant increase in the number of studies relating to the theory and effectiveness of these exercises (Batista et al., 2022).
Speech and Language Therapists use WRTPE regularly in therapy for a range of voice complaints. They have been found to be cost-efficient and, due to the ease of completion, compliance with exercises is generally high (Kapsner-Smith et al., 2015; Sanz Lopez et al., 2020; Batista et al., 2022). WRTPE can be applied to both hyperfunctional voice disorders such as muscle tension dysphonia, but also to hypofunctional disorders such as presbyphonia or vocal fold palsy (Guzman et al., 2016). I have been using WRTPE in practice for around 15 years and have seen the benefits of these exercises to improve both hyper and hypofunctional voices. I have however, recently come to consider whether there may be variations in application of these exercises which would optimise treatment for the different classifications of voice problem. These variations may include tube length, material, depth of submersion into water, exercise protocols, duration of exercise and dosage. As the pressure of waiting times and the need for cost efficiency in treatment increases, it is imperative that the treatment I offer gives the best results for my patients in the shortest amount of time. The purpose of this study is therefore to consider the theoretical underpinnings for these exercises and examine the evidence for optimising treatment through subtle changes in the technique, materials and application protocols for both hyper- and hypofunctional voice disorders.
The Theoretical Basis for WRTPE
WRTPE exercises are part of a range of exercises classed as Semi-Occluded Vocal Tract Exercises (SOVTE). SOVTEs involve a lengthening or occlusion of the vocal tract, either with the lips or tongue (e.g. humming or tongue trills), by adding a hand or finger over the mouth (finger kazoo) or using a tube or straw in or out of water during phonation (Guzman et al., 2016). SOVTEs have been shown to make alterations to glottal source, vocal tract configuration and vocal fold vibration (Guzman et al., 2017). The narrowing of the vocal tract at the point of occlusion increases the resistance in the vocal tract (Pozzali et al., 2024). As pressure in the vocal tract increases, studies have shown that the pharyngeal cavity widens, the larynx lowers and velopharyngeal closure is improved. This improves the resonant qualities of the source-filter interaction thus reducing the pressure on vocal fold adduction for sound production (Maxfield et al., 2015). In order to balance the increased oral pressure, subglottal pressure (or breath support) is increased which reduces the phonation threshold pressure (the pressure required to initiate vocal fold vibration (Enflo et al., 2013; Radolf et al., 2014)). The increased airflow reduces the impact stress of the vocal folds as they open and close, thus reducing the risk of vocal fold trauma during phonation (Apfelbach and Guzman, 2024). 
SOVTEs can be further divided into two groups depending on whether they have a single or double vibration source. Single vibration source exercises involve vibration only at the level of the vocal folds, while double vibration sources use a second point of vibration. These include lip trills, tongue trills and WRTPE (Guzman et al., 2018a). In order to establish airflow when a tube in submerged in water, the oral pressure needs to be greater than the water pressure. This allows a bubble to be released from the end of the tube into the water. As the bubble is released, the pressure drops creating pulses in pressure (Enflo et al., 2014). These pulses create air oscillations causing a massage effect in the vocal tract which reportedly reduces sensations of vocal discomfort and fatigue (Guzman et al., 2023). The bubble frequency is dependent on airflow, subglottal pressure, vocal tract volume and tube dimension, and provides valuable information for clinicians when monitoring patients’ airflow (Wistbacka et al., 2016). 
Several studies have investigated the effects of different SOVTEs compared with WRTPE. Radolf, (2014), Maxfield et al., (2015) and Guzman et al., (2016) found that the highest levels of oral pressure were produced when a tube in submerged in water compared to in free air. It was suggested that this gave the greatest massage effect thus reducing vocal discomfort and fatigue effects (Guzman et al., 2018a). Radolf, (2014), Guzman et al., (2015) and Guzman et al., (2016) also found that contact quotient (CQ) values were increased further with a straw submerged in water, which increased with increased depth of submersion. Guzman et al., (2013) and Wistbacka et al., (2016) found that more prominent changes in larynx position, pharyngeal widening and narrowing of the epiglottic opening were achieved when the tube is submerged in water. Meershman et al., (2024) found that a lower impact stress on the vocal cords was measured when the tube was submerged in water, suggesting that WRTPE ensures that vocal cord collision is not increased, a factor particularly important in clinical settings where increased vocal cord collision, and therefore increased risk of vocal fold injury is contraindicated. The evidence for WRTPE in the treatment of voice disorders supports their application to a range of voice disorders. The following sections of this literature review will consider the different aspects of WRTPE and how they can be applied more specifically to facilitate voice change in hyper and hypofunctional voice disorders.
Tube length, material and diameter
Tube materials, length and diameter have all received research attention in terms of the physiological and acoustic benefits from varying the tubes used for voice therapy. Sovijari (1969, cited in Simberg and Laine, 2007) initially postulated that tube length should be varied based on the age, gender and voice classification of the participant. He felt that optimal laryngeal height was achieved through altering the length of the straw.  More recent research has suggested that altering the length of the straw only has a marginal impact on back pressure in comparison with tube diameter (Amarante et al., 2016). The range of tube lengths used in research has varied from 20-55cm, largely influenced by cost and commercial availability of tubing (Batista et al., 2022). In practice, the length of tube is governed primarily by the need for good posture. Patients need to be able to sit upright in order to breathe effectively. For those unable to hold the water container, a tube needs to be long enough to be immersed in the water without them having to bend to reach it, which may negatively impact their breathing capacity and posture. 
Decisions around tube material are also largely governed by practicality and safety. Only one study has compared the effects of glass or plastic tubing. Tyrmi et al., (2017), found no significant difference in the Contact Quotient of the vocal cords during phonation, or in the oral and subglottal pressure and Sound Pressure Levels (SPL) recorded for glass tubes and silicone tubing. Participant feedback collected during the study was divided over which was the preferred material. Resonance tubes were felt to give more vibration on the lips, while silicone tubes were felt to give a greater massage effect. However, this may also be attributable to the slight difference in diameter as glass resonance tubes are 1mm narrower in internal diameter than the silicone tubing. In terms of practicality, glass tubes may be easier to clean but have the potential to shatter which may present a risk to patients with neurological conditions causing muscle incoordination or hypertonicity (Simberg and Laine, 2007). Some sound may be absorbed by the silicone tube, making auditory feedback more difficult for patients with hearing impairment (Simberg and Laine, 2007). Silicone tubes are usually used in my practice as they offer flexibility of length and positioning due to their ability be cut to the right length and bent towards the patient rather than the patient having to bend towards the tube, thus ensuring the optimum positioning. No significant difference in effectiveness has been found between a straight and bent tube provided the internal diameter is not impacted (Tyrmi et al., 2017).    
Several studies have investigated the impact of tube diameter, which has been shown to cause the most variation when compared with tube length and material. It has been found that the wider the tube diameter, the lower the frequency and higher the amplitude of oral pressure oscillation (Guzman et al., 2021). It has been suggested that the more constant or regular pressure oscillation is better for untrained voices due to the increased sensory feedback (Amarante et al., 2016; Guzman et al., 2021). The larger sensation of massage effect from wider tubes may also be of more benefit to hyperphonic than hypophonic voice disorders, due to the need to decrease supraglottic muscle tension and the sensation of vocal fatigue. It is suggested therefore, that there may be some value in offering wider tubes (5-10cm internal diameter) to hyperphonic voices in order to maximise the massage effect (Amarante et al., 2016; Guzman et al., 2021).            
Depth of Submersion
As has previously been mentioned, the benefits of WRTPE relate to the double source of vibration which induces a massage-type effect to the throat (Guzman et al., 2018a), and leads to increased air pressure being required to commence phonation resulting in improved glottal closure. Over the last 10 years there has been a significant increase in the research relating to how the depth of submersion of the straw can alter the impact of the exercises on the vocal tract and therefore how this can be applied to different voice disorders. There is a consensus in the literature that deeper a straw is submerged in water, the more airflow resistance is created (Guzman et al., 2016; Amarante Andrade et al., 2014; Amarante Andrade et al., 2016; Batista et al., 2022). For phonation to commence, greater subglottal pressure is required. This results in increased adductory effort at the level of the vocal folds to bring the vocal cords sufficiently close for phonation to start (Phonatory Threshold Pressure), (Radolf et al., 2014).
In conditions of hypophonia such as presbyphonia (ageing voice) or vocal fold paralysis there is a reduction in vocal fold closure which results in a breathy, inefficient voice quality. In cases of presbyphonia there is also often a reduction in respiratory support for phonation as well as reduced closure of the vocal folds (Tsai, M. et al., 2023). The increased adductory and respiratory effort required for deep bubbling would therefore appear to be beneficial in hypophonic conditions. Submersion at 8-10cm was found to improve glottal closure, CQ, glottal resistance, subglottal pressure and sound pressure level (SPL) in studies of elderly (60+years) participants (Radolf et al., 2014; Guzman et al., 2018b, Tsai, L. et al., 2023) with the highest subglottal pressure achieved at the greater depth. Braga dos Santos (2014) found improvements in GRBAS (perceived voice quality rated by voice professionals), vital capacity, spirometry and self-perception following exercises at 5cm submersion depth. Tsai, M. et al., (2024) found benefits to perceived voice quality, acoustic measures and quality of life measures in a small pilot sample of aging participants even at 2cm submersion.   
Some limitations and concerns have been voiced about the possible impact on the vocal folds of increased pressure and resistance. Guzman et al., (2016) suggested there may be some limitation on the depth of bubbling for clients with vocal fold paralysis. If they are unable to achieve vocal fold closure, it may be impossible to initiate phonation under high resistance conditions as they will be unable to generate the amount of subglottal pressure required. Some individual application of submersion depths may therefore need to be applied for these clients to be able to achieve phonation.
It was suggested by Tyrmi and Laukkanen (2017) that the increased effort required for deep bubbling may increase the impact stress on the vocal folds at the point of closure. When they tested this theory however, Tyrmi and Laukkanen found that the pressure between the vocal folds (transglottal pressure) was lower even when subglottal pressure increased, and the amplitude of vibration of the vocal folds also remained lower suggesting that there was no increased impact stress on the vocal folds even when subglottal pressure and supraglottic resistance was increased, a theory also suggested by Radolf et al., (2014). They postulated that deep bubbling was more stressful for the adductor muscles of the vocal folds and the respiratory system than for the vocal folds themselves. This can be seen as a positive impact for those clients who may be experiencing loss of muscle strength in both the vocal and respiratory systems.
Increasing adductor muscular effort and subgottal pressure is not however beneficial to clients with a hyperphonic voice disorder. Clients with muscle tension dysphonia are often experiencing muscle imbalance and use excessive supraglottic muscle tension to attempt to increase vocal power or overcome an excessive vocal load (Paes et al., 2013; Guzman et al., 2016). Deep submersion would therefore appear to be contraindicated in hyperphonic voice conditions. Studies looking at the application of WRTPE to hyperphonia have focused on a straw depth of 2-3cm, which has been shown to lower the position of the larynx whilst widening the pharynx, improving closure at the velum and reducing the activation of the inter-arytenoid and cricoarytenoid muscles, thus reducing anterior-posterior compression (Wistbacka et al., 2016; Guzman et al., 2016; Yamasaki et al., 2017). The massage effect caused by the double source vibration was perceived to reduce throat discomfort and vocal fatigue (Paes et al., 2013; Guzman et al., 2018a). Improvements in perceived voice quality as rated by voice specialists using the GRBAS scale, and Voice Handicap Index (VHI) have been reported at 2-3cm depths (Guzman et al., 2017; Guzman et al., 2018a). The 2-3cm depth therefore seems to offer the best combination of a small amount of resistance to rebalance the vocal tract to produce efficient, easy phonation and provide the sensory benefits of massage to the oropharyngeal musculature. 
Overall, the research suggests that as a general principle, deeper submersion of the tube to around 8-10 cm is more beneficial for hypophonic voices which require the increased resistance to engage and strengthen the respiratory and adductory musculature involved in voice production without increasing impact pressure on the vocal folds themselves. In hyperphonic voice conditions however, straw depth should be limited to 2-3cm to reduce the pressure on adductory muscles and offer a massage effect to the vocal tract. Individual differences should however be considered in both hyper and hypophonic voices. For some hypophonic clients, there may be a need to reduce secondary tension alongside improving vocal fold adduction, which may require a variation in straw depth throughout the course of therapy, for example, initial straw depth may need to be lessened until good vocal technique is achieved, before then increasing straw depth to improve adductory strength (Simberg and Laine, 2007). Straw depth may need to be lessened in cases of vocal fold palsy in order to achieve phonation (Guzman et al., 2016). In cases of hyperfunction, individual differences may need to be applied in order to achieve the best sensory feedback or laryngeal position for individual clients. This may also be reflected in the exercise protocols prescribed, which will be discussed in the following chapter.           
Exercise Protocols for WRTPE
The majority of research into WRTPE has focused on the physiological, aerodynamic and acoustic impact of the technique before and immediately after the exercise. Relatively few studies exist looking specifically at the efficacy of a defined protocol (Batista et al., 2022). The exercises used for WRTPE were first described by Simberg and Laine (2007) and included sustained vowel phonation and pitch glides or glissandos. No specific exercises were recommended for differing voice presentations, the focus being on changing depth of submersion for different impacts.
Two studies have looked at the efficacy of WRTPE protocols on hypophonic voices, particularly on the presbyphonic (elderly) population (Wu and Chan, 2020; Tsai, L. et al., 2023. See appendix 2). Both used similar exercises which included:
· Sustained vowels
· Pitch glides
· Engine sounds (volume accents)
· A song melody (happy birthday)
Wu and Chan (2020) used speech- like sounds, for example, consonant-vowel combinations, and increased by syllable length throughout the programme, where Tsai, L. et al., (2023) used speech without the water resistance as a carry-over activity. Different outcome measures were used to measure success but both found improvement in acoustic measures, while Wu and Chan (2020) also found improvement in self-perceived voice quality. Similarly, only 2 studies have reported protocols for use with hyperphonic voices, or muscle tension dysphonia (Guzman et al., 2023; Antonetti et al., 2023. See appendix 2). The same range of exercises was used to those for the hypophonic participant studies and reported positive outcomes in terms of self- reported voice perception. Two studies referred to using the Lax Vox protocol (copyright Dr Vox Ltd, 2024; Yamasaki et al., 2017; Sanz Lopez et al., 2020) which is published online (see appendix 2). These exercises were first described by Sivho, a Finnish SLT in 1991, and were then developed further and published online by Denizoglu (Dr Vox) from 2003. Again, the exercises suggested are similar to those above and do not differentiate for the different voice presentations. One further protocol is described in grey literature by Denizoglu (2019) in a textbook of clinical case studies. He describes a slightly more detailed protocol designed for a specific patient with muscle tension dysphonia with an underlying glottal incompetence, therefore covering both conditions of hyper and hypophonia. The protocol describes a more detailed range of pitch and loudness exercises, and also suggests completing the exercises in different spaces to encourage greater variability and versatility in the voice (see appendix 2). As this is a single case study, further research on a larger population would be required to support its efficacy for use on a wider population.
Little evidence exists to support exercise protocols for WRTPE, and for any specific exercises to support the hyper or hypophonic patient cohorts. While there is a consensus in the literature around using a range of sustained phonation, pitch and loudness exercises, there is little evidence testing the efficacy of different protocols or exercises to see which exercises are the most effective for different voice disorders. The studies reporting protocols all used a combination of techniques including vocal hygiene (Wu and Chan, 2020; Tsai L. et al., 2023; Antonetti et al., 2023) and other therapy techniques (Antonetti et al., 2023; Guzman et al., 2023) meaning that the positive impacts of the WRTPE protocols cannot be attributed to WRTPE in isolation. In practice, SLTs would combine a variety of direct and indirect therapy techniques based on the individual needs of clients and are therefore unlikely to follow a prescriptive therapy protocol in isolation (Simberg and Laine, 2007). That said, further research into the benefits of certain exercises and exercise protocols over the short and longer term would be beneficial to further support the use of WRTPE in practice. 
Exercise Timing and Dosage
There are many variables to be considered in the timing and dosage of WRTPE treatment options including the number of direct therapy sessions and duration of treatment, frequency of home practice and duration. Within treatment sessions, the dosage of exercises can be based on the number of repetitions, time spent on exercises in total, and timing of individual exercises (maximum phonation time). Within the literature there is little agreement on any of the above parameters, principally because little research exists into the application of exercise science to voice therapy (Batista et al., 2022). Few studies reported on the number of sessions, those that did offered 4-8 sessions, 1 or 2 sessions per week over 4-8 weeks (Simberg and Laine, 2007; Tsai, L. et al., 2023; Guzman et al., 2017; Guzman et al, 2018; Guzman et al., 2023; Antonetti et al., 2023). None reported comparisons of length of treatment and long-term advice, or long-term outcomes. No differences were recorded between the studies of hyper and hypofunctional voice in terms of treatment frequency. 
Two recent studies have looked into the ideal practice duration for WRTPE. Bassetto and Constantini (2024) found that women perceived the most benefit to their voice between 3-5 minutes of practice, after which there was a deterioration in their self- perceived throat sensations. This was not mirrored in their acoustic output, however. Interestingly, there was no significant difference reported by male participants, possibly due to differences in male physiology. This mirrored the results of Floro Silva et al., (2022) who found that while no difference was found in male voice quality, women reported less hoarseness after 3 minutes of exercise. The question of individuality was raised by Bassetto and Constantini (2024) who suggested that it may be impossible to apply prescriptive protocols in terms of exercise duration, as individual differences in physiology, muscle strength, vocal demands and treatment goals need to be considered in order to optimise the impact of treatment (Johnson and Sandage, 2019). Individual assessment and self-monitoring in order to establish exercise duration may therefore produce the most effective results. It is likely therefore that a time-based prescription rather than a prescribed number of repetitions is indicated regardless of the voice presentation (Batista et al., 2022).     
As little clinical evidence exists for the exercise dosing of voice exercises in general, studies of general principles of motor learning and exercise have been applied to voice exercise protocols. Time and resource limitations did not allow for an exhaustive study here, but a basic understanding is required in order to ensure the prescribed application of exercise is as effective as possible. For vocal behaviour to be reset, motor learning needs to occur in order to transfer motor behaviour from the exercises into everyday voice use (Batista et al., 2022). Motor learning is most effective when the learner is challenged at an appropriate level- too great or too small a challenge may not result in new learning, therefore it is imperative that the client is motivated and understands the task to be able to work towards the target execution (Maas et al., 2008). Variation in practice of exercises has also been shown to increase long term learning, and lead to more accurate execution of motor behaviours more quickly (Van Stan et al., 2020; Steinhauer and Eichhorn, 2023), suggesting that a protocol should not be carried out in a strict order. Short periods of practice, time between practice sessions and individual trials can improve retention of technique, allowing increased opportunity for memory-consolidation and transfer into long term behaviour change (Maas et al., 2008).
Some questions have been raised about the potential for motor learning in the elderly population who form a significant proportion of the hypophonic dysphonia client cohort. Ageing can lead to deficits in attention, memory, executive function processing and motor speed which can impact sensory-motor learning (Tsai, M. et al., 2023; Liu et al., 2013).               Tsai, M. et al., (2023) discussed the possible benefits of intensive direct treatment for hypophonia in the context of ageing to encourage skill development and reduce the pressure on memory. Steinhauer and Eichhorn (2023) found that random practice schedules were still beneficial for older adults in increasing long term learning, however this should be controlled to avoid cognitive overload which may reduce long term learning (Wulf and Shea, 2002). 
The individuality of each client’s vocal physiology and the demands that are placed on their voice must also influence the way in which exercises are prescribed. For a hypophonic voice, where muscle strengthening may be the aim, an element of overloading the muscles may be required, either through increasing resistance through depth of bubbling, increasing the maximum phonation time on an exercise, or increasing the length of time exercises are carried out. It must be ensured however, that muscles are not pushed beyond their limits and put at risk of injury (Johnson and Sandage, 2021). This must be applied in the context of all the subsystems involved in voice production (respiratory, laryngeal and oro-pharyngeal). In the case of hyperphonia, some muscles may need to be deregulated and others upregulated in order to achieve the necessary co-ordination and balance between the vocal subsystems. The focus of exercises may therefore need to be altered in order to address the correct subsystems, for example, reducing excessive muscle activation in the larynx using shallow submersion and massage, whilst encouraging greater respiratory support and activation. Relatively little research currently exists in this area, especially in terms of the disordered voice and in the application of WRTPE. Research applied specifically to the physiological aspects of laryngeal muscle activation and fatigue would be beneficial in order to provide a more robust evidence base for applying exercise science to voice therapy. Further study is also required into treatment duration and the long-term impact of exercise to be able to offer evidence-based packages of care to patients, whilst acknowledging the individual differences in presentation and treatment goals.   
Conclusion
The purpose of this project was to investigate in detail the theoretical underpinnings of WRTPE and how these may be applied to hyper and hypofunctional voices with the most benefit. WRTPE exercises have been shown to be cost effective, easy to apply and produce good short-term outcomes for clients with a variety of voice disorders (Guzman et al., 2016; Batista et al., 2022; Sanz Lopez et al., 2020). Research into these exercises over the last 20 years has increased, and used a wide range of different methodologies, outcome measures and exercise applications resulting in challenges when trying to apply evidence-based practice in the clinical setting. Few studies have considered the exercises in isolation, making it difficult to attribute vocal improvement solely to the WRTPE (Batista et al., 2022; Antonetti et al., 2023). While the individual client’s vocal demands, goals and physiology must remain paramount in applying any exercise protocol, some general principles appear to be applicable to WRTPE. 
Varying the tube material, length and diameter have relatively little impact on the benefit of the exercises, and therefore using a similar tube for both hyper and hypophonic voices seems to be acceptable (Amarante et al., 2016). The depth of submersion of the tube into water has significantly more diverse impact, and research seems to support using a deeper submersion depth for hypophonic voices in order to increase laryngeal and respiratory muscle activation (Radolf et al., 2014; Guzman et al., 2016; Guzman et al., 2018b, Tsai, L. et al., 2023. By comparison, hyperphonic voices benefit more from the massage effects of shallow submersion (Wistbacka et al., 2016; Guzman et al., 2016; Yamasaki et al., 2017). Few exercise protocols have been tested to explore the benefits of different exercises, however, there seems to be a consensus that a range of pitch, loudness and prolonged phonation exercises are applicable to both hyper and hypofunctional voice disorders (Batista et al., 2022). Further research is required to investigate the optimum duration of treatment and the long-term impact of these exercises. 
As yet, there is little evidence to support the prescription of exercise in terms of muscle physiology and motor learning theory, however short frequent bursts and variation within exercises seems to be key for improvement in both hyper and hypofunctional voice disorders (Maas et al., 2008; Steinhauer and Eichhorn, 2023). Further research is required into the protocols and the dosage of exercises recommended to individual clients, in terms of both daily duration of practice, intensity and length of treatment and long-term ongoing practice. Alongside this, greater knowledge around the differences in vocal physiology between genders and age groups may also inform more effective application of WRTPE exercises in the clinical setting (Batista et al., 2022; Johnson and Sandage, 2021).          
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	Author
	Title
	Voice Disorder,
Participant numbers
	Tube material
	Diameter
	Depth of submersion
	Protocol included
	Exercises/ timing
	Outcomes
	Length of treatment

	Guzman et al. 2016
	air pressure and CQ measures different voice conditions
	Hyperphonia-14
	silicone
	10mm
	3cm/10cm
	no
	
	lower resistance should be used for hyperadduction. Highest poral and Psub were measured for 10cm submersion. 10cm also produced highest CQ values. 
	immediate impact only

	
	
	Hypophonia-10
	silicone
	10mm
	3cm/10cm
	no
	
	patients with low vocal fold adduction benefit from high flow resistance.
	

	
	
	Normal voice- 21
	silicone
	10mm
	3cm/10cm
	no
	
	
	

	Guzman et al. 2015
	Do different SOVTEs affect VF adduction differently in subjects diagnosed with Hyperfunctional dysphonia
	Hyperphonia-80
	plastic drinking straw
	5mm
	3cm/10cm
	no
	5 minutes/ 3 different SOVTs
	lower CQ for 3cm than 10cm submersion. 
	immediate impact only

	Guzman et al. 2018
	aerodynamic, electroglottographic, acoustic outcomes after tube phonation in water in elderly subjects
	Hypophonia- 30 
	plastic drinking straw
	5mm
	4cm/8cm
	detail on exercises
	sustained vowel/up and down glissando/intensity and pitch accents/ total 15 mins, 30 mins rest, same exercises different depth
	WRT improves glottal closure, CQ, glottal resistance, subglottal pressure and SPL. Increased subglottal pressure with deeper submersion. SPL also increased with deeper submersion. Higher CQ after 8cm depth exercises. 
	immediate impact only

	Simberg and Laine, 2007
	The resonance tube method in voice therapy
	Hyperphonia and hypophonia
	non experimental
	
	detail on exercises
	monotonous tone followed by glides and glissandos. 10-12 times per day, 1 minute each time. 4-5 minutes, 5-6 times per day. Increasing complexity. Regular therapy sessions. 5-15cm depth. Short phonation time, 10x per day.
	n/a
	n/a

	Bassetto, Constantini, 2024
	is there an ideal performance time for the latex tube exercise?
	Normal voices- 29
	latex tube
	9mm
	2cm
	no
	phonation for 1,3,5,7 minutes at comfortable pitch and loudness
	women perceived negative impact (self-assessment) in voice after more than 5 minutes exercise, not stat significant in men. Auditory perceptual analysis showed no change after 1-minute, best voice between 3-5 minutes, no significant change in jitter. Shimmer HNR
	no long-term follow-up

	Radolf et al. 2014
	air pressure, vocal fold vibration and acoustic characteristics of phonation during vocal exercising. 
	Normal voice 1
	glass
	6.8mm
	2cm/10cm
	no
	single sustained phonation
	PTP was highest for 10cm depth, oral pressure oscillation was highest for tube in water. PTrans also higher-Psub increases as a result of increased Poral.  CQ was higher for tubes in water and highest for 10 cm depth. deep bubbling should only be used for short periods. higher Poral and Psub equals increased adductory effort but reduces collision between the folds. adductory muscles may tire. relaxing effect of oscillation.
	immediate impact only

	Sanz Lopez et al. 2020
	applicability of resonance tube phonation in water for SOVT voice training and therapy.
	Hyperphonia-28
	lax vox tube
	9-12mm
	2-7cm depth
	no
	5-8 minutes 2x per day sustained phonation, lax vox protocol 
	improvement shown on GRBAS similar across WRTPE and VFE.
	3 months post treatment

	Amarante Andrade et al. 2016
	The flow and pressure relationships in different tubes commonly used for SOVTE
	straw/silicone tube/resonance tube
	5/10/9mm
	0-7cm
	no
	n/a
	resonance and silicone tubes submerged in water produce almost constant back pressure, determined by the water depth. Water exercises better for voice problems while tubes out of water better for professional voice users honing their technique.
	n/a

	Tsai, M. et al. 2023
	effect of intensive water resistance phonation therapy for people with presbyphonia: a pilot study
	Hypophonia-13
	silicone
	9mm
	2cm
	no
	12minutes per day, 3x4 minutes, sustained pitch glides and melodies increasing complexity. 3 weeks. 
	significant decrease in shimmer and HNR. Increase in CPPS indicating a decrease in overall dysphonia. Significant increase in MPT, improved GRAS but no significant change in Breathiness. 
	results immediately after 3-week programme only.

	Tsai, L. et al. 2023
	a 4-week straw Phonation in water exercise programme for ageing related vocal fold atrophy
	Hypophonia-38
	plastic drinking straw
	5mm
	8cm
	yes
	2x30 minutes per day, 25 mins of WRTPE
	significant improvements were observed in NGGA, breathiness, HNR and CPP, mean airflow rate, Psub, laryngeal airway resistance 
	1 week after 4-week programme

	Santana et al. 2021
	multidimensional voice assessment: the immediate effects of lax vox in singers with voice complaints
	Hyperphonia-30
	silicone tube
	9-12mm
	3cm
	no
	5 minutes performing lax vox
	immediate change in fundamental frequency for men and airflow and aerodynamic power in men and women.
	immediate impact only

	Braga dos Santos et al. 2014
	verifying the efficacy of resonance tubes in voice therapy with elderly people 
	Hypophonia-42
	glass 
	9-12mm
	5cm
	no
	Simberg and laine's (2007) exercises- 6 sessions over 6 weeks.
	improvement in GRBAS, vital capacity and spirometry and self-perception of voice quality.
	6 sessions, post treatment review 3 months after initial meeting

	Guzman et al. 2017
	efficacy of water-resistant therapy in subjects with behavioural dysphonia: a randomised control trial
	Hyperphonia-10
	plastic drinking straw
	5mm
	5cm
	detail on exercises
	sustained vowel/ ascending and descending glissando, intensity and pitch accents/Messa di voce/happy birthday. 6-8 times daily, 5-10 minutes. 8 weekly sessions
	significant decrease in VHI, Psub, PTP, increase in self-rated resonant voice quality. WRTPE had a wider positive impact than tube in air.
	1 week after 8-week treatment

	Tyrmi and Laukkanen, 2017
	how stressful is deep bubbling
	Normal Voices-14
	glass tube
	9mm
	10cm
	no
	3 repeated phonations, comfortable loudness 5 seconds of vowel like sound, repeated with louder voice. 
	deep bubbling seemed to tire breathing muscles and lip muscles more than the larynx. 3 felt laryngeal strain but no change to objective scores. CQ did not differ significantly between strained syllable production and loud, deep bubbling. 
	immediate impact only

	Antonetti et al. 2019
	voiced high frequency oscillation and lax vox: analysis of their immediate effects in subjects with healthy voice
	Normal voices-30
	lax vox tube
	9mm
	2cm
	no
	3 minutes of phonation through tube
	positive effects of VHI- similar to VFE
	immediate impact only

	Guzman et al. 2023
	physiologic voice rehab based on water resistance therapy with connected speech in subjects with vocal fatigue.
	Hyperphonia-24
	pocket vox
	9mm
	2-4cm
	yes- using pocket vox and mask vox
	30-minute therapy sessions,2x week 3 weeks, home practice 6-8x daily, 5-10 minutes. No specific reps- just until participants and clinicians felt they had mastered the technique.
	improvement in self-perceived voice quality and VHI. results support the use of this protocol in voice treatment as potentially effective for functional voice disorders. 
	1 week after voice therapy

	Wistbacka et al. 2016
	vertical laryngeal position and oral pressure variations during Resonance Tube Phonation in water and air
	Normal voices-2
	glass tube
	9mm
	2,6,10cm
	no
	tasks phonation into air, 2cm, 6cm with 28 and 26cm tubes, sustained phonation at variable depths 
	laryngeal position rises with tube in air and drops in WRTPE. 
	immediate impact only

	Maxfield et al. 2015
	intraoral pressures produced by 13 semi-occluded vocal tract gestures
	Hyperphonia- 20
	drinking straw
	5mm
	7cm
	no
	sirens, sustained phonation at comfortable and loud pitch
	straw in water produced the most intra oral pressure.
	immediate impact only

	Yamasaki et al. 2017
	vocal tract adjustments of dysphonic and non-dysphonic women pre and post Flexible Resonance Tube in Water Exercise- a quantitative MRI study 
	Hyperphonia-10, Normal voices 10
	silicone tube
	9mm
	2cm
	lax vox vocal technique
	see lax vox protocol, appendix 2
	exercises reduced the inclined angle of the vocal folds in patients with nodules.
	immediate impact only

	Antonetti et al. 2023
	efficacy of a semi-occluded vocal tract exercise therapeutic programme in behavioural dysphonia: a randomised and blinded clinical trial 
	Hyperphonia-18
	silicone tube
	9mm
	2cm
	yes- lax vox mixed with hand over mouth and tube phonation in air
	8 35-minute sessions, increasing difficulty over 2 weeks- see appendix 2
	VHI improved for both SOVTE and VFE
	1 week after exercise programme

	Floro Silva et al. 2022
	voiced high frequency oscillation or lax vox technique? Immediate effects in dysphonic individuals
	Hyperphonia-30
	silicone tube
	9mm
	2cm
	no
	3 minutes sustained phonation
	lax vox reduced hoarseness in women. No change in men.
	

	Paes et al. 2013
	immediate effects of the Finnish resonance tube method on behavioural dysphonia
	Hyperphonia-25
	glass tube
	9mm
	2cm
	no
	3x10 reps of comfortable length phonation, 1 minute rest between.
	improvements across self-assessment, auditory perceptual assessment and acoustic analysis.

	Guzman et al. 2018
	the impact of double source of vibration semi occluded voice exercises on objective and subjective outcomes in subjects with voice complaints.
	Hyperphonia- 57
	drinking straw
	5mm
	5cm
	no
	sustained vowel/up and down glissando/ Messa di voce. Daily exercise 6-8times per day, 5-10 minutes
	results support exercises as a potentially effective tool for reducing symptoms of vocal tract discomfort- self-perception of muscle relaxation and resonant voice quality. No significant objective changes. Water Resistant Therapy and raspberry gave highest effects. 

	Meershman et al. 2024
	immediate and short-term effects of straw phonation in air or water on vocal fold vibration and supraglottic activity of adult patients with voice disorders visualised with strobovideolaryngoscopy 
	Hyperphonia-12
	drinking straw
	5mm
	2cm
	yes
	breathing, long phonation, long phonation broken, glissando, sentences, reading rainbow passage, singing happy birthday, spontaneous speech.
	increased AP narrowing with straw in water, reduced vibratory amplitude- further study needed to support hypothesis that these are due to increased efficiency 

	Guzman et al. 2021
	How do tube diameter and vocal tract configuration affect oral pressure oscillation characteristics caused by bubbling during WRT
	Normal Voices-42
	3 different tubes
	0.5,1,2cm
	5cm
	no
	2 laryngeal positions- yawning and regular vocal tract position- long phonation
	larger diameter = more massage effect, lower frequency, higher amplitude oscillations in oral pressure.  

	Tyrmi et al. 2017
	resonance tube or lax vox?
	Normal Voices-14
	silicone and glass resonance tube
	10mm/9mm
	2,10cm
	no
	3 phonations in water in each tube depth
	no significant differences in cq/psub/poral and SPL. Amplitude of oscillation higher and frequency lower with lax vox.

	Guzman et al. 2017
	the influence of water resistance therapy on vocal fold vibration; a high-speech digital imaging study
	Normal Voices-8
	silicone tube
	2cm 
	5,10,18cm
	phonation into tube for 5 seconds at 3 depths
	amplitude to length, HNR, spectral flatness decreased implying smoother vocal fold collision. Limited carry over post-exercise. 

	Wu and Chan, 2020 
	effects of a 6-week straw phonation in water exercise program on the ageing voice
	Hypophonia-38
	drinking straw
	5mm
	5cm
	yes
	4x daily, 5 weeks, increasing complexity
	improvement in acoustic measures, HNR, VHI and breathiness.
	2 weeks post exercise



AP- Anterior Posterior, CPP- Cepstral Peak Prominence, CQ- Contact Quotient, HNR- Harmonic to Noise Ratio, MPT- Maximum Phonation Time, NGGA- Normalised Glottal Gap Area, Poral- oral pressure, Psub- subglottal pressure, Ptrans- transglottal pressure, PTP- phonation threshold pressure, SPL- Sound Pressure Level, VFE- Vocal Function Exercises, VHI- Voice Handicap Index

Appendix 2: Protocols
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APPLICATION OF LAXVOX TECHNIQUE
INSTRUCTIONS OF LAX VOX VOICE THERAPY TECHNIQUE
I- Relaxing and focusing on posture and breathing
– Take a good posture (Ideal for both breathing and laryngeal functions-long spine)
– Face, neck, upper back, and chest muscles are relaxed (Freeing the muscles towards gravitation)
[image: A x-ray of a person's head

Description automatically generated]
II- Preparing to do the bubbling with phonation
– Place the tube (35 cm length, 9-12mm diameter, silicone) into the mouth between or in front of the incissor teeth and above the tongue.(The tongue should be relaxed as’a piece of steak’ and touch slightly to the tube.)
– Hold the bottle near the body so low not to need to use shoulder muscles in holding
– Enclose the tube with the lips
– Dip the other end of tube into water 1 to 2 cm deep at the beginning. Than the depth may be increased to 4-7cm.
– Inhale from nose like in yawning with mouth closed
– Expiration for phonation is prepared focusing on abdominal and lower back muscles.
[image: A person in a yellow shirt drinking from a straw

Description automatically generated]
III- Finding the target voice
– Bubbling water with voice: //hhhooooo// (Short and long)
– Repeat with /hhoo hoo hooo/
– Increase the consciousness of the process in the body. Let the patient think about his/her body while doing the excersize.
[image: A person in a blue hoodie drinking from a tube

Description automatically generated]
IV-Advance using the new phonation style
– Pitch gliding (Melodies on //hhoooo//)
– Gliding pitches up and down
– Test the effect of changing the depth of water… What changes?
– Exercise with tube out of water
– without tube lips open /hhoooo/ and closed /hhmmm/
[image: A person drinking from a straw

Description automatically generated]
V- Adopting the new muscle technic to daily life
– Voicing correct syllables-words-sentences (Greeting, good morning etc. )
– Conversational speech (Do not forget to inhale nasally before you say something)
– Read books, newspapers aloud in different ways
Copyright Doctor Vox Ltd - 2024
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The 4-Week Straw Phonation in Water (SPW) Exercise Program
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‘Session 3 (Week 3)
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Devices and Phonatory Tasks Included Throughout the Six Voice Therapy Sessions
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Atkins and Murphy Model of Reflection

Atkins and Murphy Model of Reflection
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