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INTRODUCTION 

 

Motivation 

The present research comes to fill a gap that music professionals have pointed out to me on 

numerous occasions. Thus, students at the Academy of Music do not have a minimal and specific 

athletic training aimed at improving exactly the performances they are looking for. The intensity of 

the sound, the length of the phrase sustained on a single breath and even the vocal timbre depend on 

a performing breathing. Having the tools of modern research at our disposal, our study comes to fill 

this gap and to provide objective information intended to serve those who wish to increase their vocal 

or instrumental athletic performance. I am convinced that I will not be able to eliminate the empirical 

and subjective aspect of the breathing techniques of professionals, but knowledge of all the aspects 

treated in this work will be able to lead to a fairer and more efficient training of the respiratory system. 

The echoes that my research has already aroused in the world of vocal professionals make me believe 

in the chosen subject and in its immediate usefulness. 

 

Degree of interdisciplinarity 

The involvement of physical exercises in improving interpretive performances is a subject that 

has been approached too vaguely and too superficially so far, compared to the crucial importance it 

can have in the artistic growth of a musician. Music and physical education, these two seemingly 

unrelated fields are the ones that give this research the aspect of interdisciplinarity and, at the same 

time, lead to the practical utility component of this project. The combination of knowledge from the 
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two fields and the specificity of the chosen theme are the main reason why this work has the quality 

of interdisciplinary research. 

 

The role of breathing in professional singing 

The main role of the respiratory system during singing is to regulate subglottic pressure , 

therefore it contributes greatly to vocal sustain. For singers, this concept also embodies other qualities, 

such as voice manageability, timbre and vocal projection, which are dependent on a number of 

additional factors, such as the position of the larynx and how it is used, and the conformation of the 

vocal tract (Miller, 1997). 

In the evolution of a singer, the degree of artistic maturity is closely linked to the level of 

development and refinement of the respiratory system. This relationship determines the performer's 

ability to sustain extended musical phrases in a single breath, without excessive effort, using a variety 

of vocal nuances adapted to the character of the piece being performed. Correct breathing is an 

essential factor for the expressiveness and naturalness of vocal emission (Rusu, 2006). Breath control 

and support can be systematically cultivated by continuously practicing specific techniques for 

regulating this mechanism. Despite various attempts to theorize vocal art, the repetitive practice of 

exercises that stimulate the muscles involved in supporting the voice remains the most effective 

method of improvement. 

 

Elements of originality 

The originality of our study can be highlighted by several unique aspects, related to subjects, 

methods, and the specific combination of interventions: 

•  Target group (vocal and wind instrument professionals): There are studies 

investigating the respiratory capacity of athletes or other professional categories, but our research 

focuses on two very specific professional groups, which directly depend on respiratory function. 

Furthermore, the research may bring new information on how respiratory training and complementary 

methods, such as swimming and apnea, can optimize the performance of these professionals. 

•  Combining breathing training with swimming and apnea exercises: Swimming and 

apnea are less frequently used systematically to improve respiratory capacity in vocal or wind 

professionals. Our study explores the synergistic effect of these methods in improving lung function 

and breathing control, which represents an innovative approach. 
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•  Spirometric assessments in this context: Although spirometry is a well-known tool for 

assessing pulmonary function, its application in monitoring progress within a program combining 

respiratory training and aquatic activities in these professional groups is relatively little explored. 

•  Possible practical applications: Our study could open new avenues for personalized 

training among vocal professionals and instrumentalists, helping to increase their performance. It 

could also have implications for music education and the prevention of respiratory health problems 

specific to these professions. 

These elements highlight the originality of the study, through its interdisciplinary approach 

and the application of less conventional methods for developing respiratory capacity in particular 

professional contexts. 

 

Research limitations 

This research encountered several limitations, among which we would like to mention: 

•  practical limitations, such as access to a small number of vocal and instrumental 

professionals available for research, due to the pandemic; 

•  the small number of subjects may limit the statistical significance of the results and the 

generalizability of the conclusions to a larger population; 

•  the lack of other methods to assess respiratory function can be seen as a limitation, 

other complementary methods could be considered, such as VO2 max tests (to measure maximum 

oxygen consumption) or respiratory muscle function assessments (to assess the strength of the muscles 

involved in breathing); 

•  if the training and assessments were carried out within a short time frame, it may not 

be sufficient to observe significant changes in respiratory capacity; 

•  if subjects come from different backgrounds, variability in their levels of physical 

fitness and professional experience may introduce variability in the results. 

 

Research objectives: 

• initial and final evaluation of respiratory capacity through specific tests (spirometry); 

• comparing respiratory performance between the experimental group and the control group; 

• analysis of the influence of respiratory training on muscle strength and endurance; 

• proposing optimal training methods for vocal professionals and wind instrumentalists, in order to 

maximize respiratory efficiency. 
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•  

Research hypotheses: 

• Training the respiratory muscles with the threshold device causes an increase in muscular strength 

and endurance in the subjects; 

• using the respiratory threshold device will lead to an increase in vital capacity (VC), forced vital 

capacity (FVC) and forced expiratory volume in one second (FEV1) after a period of training; 

• the group using the threshold device with real resistance will make significantly greater progress 

than the SHAM (control) group, which uses the same device with minimal or no resistance 

(simulated), demonstrating the specific effectiveness of inspiratory resistance training; 

• ventilatory and spirometric adaptations: Spirometric measurements, such as forced vital capacity 

(FVC), forced expiratory volume in one second (FEV1), and respiratory reserve volume, will 

improve as a result of physiological adaptations to the stress induced by apnea and swimming; 

• Benefits for vocal and wind instrument professionals: Since these professionals require precise 

respiratory control and consistent pulmonary intake, improving respiratory muscles will 

facilitate maintaining consistent levels of airflow during performances, thus supporting superior 

performance. 

Methodology 

The study included a group of 22 young musicians (vocalists and wind instrumentalists), 

divided into experimental and control groups. The experimental group followed a combined 

program of respiratory training (with an adjustable resistance device) for 8 weeks and aquatic 

exercises in the pool, for 8 weeks. The experiment consisted of two separate studies: the SHAM 

method (respiratory training with a threshold device) and swimming and apnea exercises in the pool. 

It is important to note that the time interval between the two interventions was sufficiently 

long (several months), allowing the initial spirometric parameters to return to baseline values. 

Spirometric assessments and functional observations were performed in two stages: initial and final. 

 

The SHAM method 

 

The SHAM method (sometimes written as "SHAM intervention" or "SHAM training") is not 

a respiratory rehabilitation technique per se, but rather a term used in clinical trials to designate a 

control group that receives a fake or simulated intervention - that is, an intervention that mimics the 

real procedure, but without any real therapeutic effects. The experimental group: uses the device 
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with a progressive resistance (e.g. 15% to 60% of the MIP - maximum inspiratory pressure), and the 

SHAM group (the control group) uses the same device, but with a resistance of only 5%, which does 

not cause a real training, leading to a placebo effect. 

The main aim of the research was to evaluate the effectiveness of a respiratory threshold 

device in developing respiratory muscles. The study aims to determine to what extent training with 

such a device can influence the strength and endurance of respiratory muscles, contributing to better 

lung function and improving respiratory performance in professional and semi-professional singers 

if a respiratory muscle training protocol is imposed. This protocol aims to strengthen respiratory 

muscles and should result in increased respiratory flow in singers. 

 

Intervention program 

We used a validated 8-week training program with a pressure threshold measurement device 

( Breathe Air® Powerlung® ), designed for a combination of muscular and inspiratory training. 

This portable device works by generating pressure against the 

respiratory flow during the inhalation and exhalation phases, based on the 

fundamental principles of resistance training. Similar to how weights are used 

to develop upper limb muscles, using the POWERbreathe ® device, by inhaling 

against a controlled resistance, allows the respiratory muscles to be trained, thus 

contributing to increasing their strength and endurance. 

SHAM training (8 weeks) consisted of a routine training, breathing into the device, with 

resistance levels set at 15% - 40% - 60% of the maximum inspiratory and expiratory pressures 

PIM/PEM (PIM – maximum inspiratory pressure/PEM – maximum expiratory pressure ) measured at 

baseline. We applied the following training scheme: two weeks, for five days, one set of 30 breaths (3 

times 10 breaths, inspiration-expiration, with a 1-2 min. pause between repetitions ), twice a day with 

a 6-hour difference between sessions, with the resistance set at max. 15% PIM/PEM, with two days 

of non-activity in between. This was immediately followed (without a break period) by a 3-week 

training program, five days each, with the resistance set at max. 40% of PIM/PEM, with two-day 

breaks each weekend, and another 3 weeks (same), with the resistance set at max. 60% of MIP/MEP. 

Adherence, time spent, and effort were individually monitored in a written diary. 

We performed three training sessions with different levels of resistance. Before the training 

session, we performed a series of tests to establish baseline values, and after the sessions, we 

performed another series of tests to assess the effects of training on lung function and respiratory flow. 
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During the first training session, the resistance setting of the hand-held device was at the SHAM level 

(max. 15% MIP/MEP – maximum inspiratory pressure/maximum expiratory pressure ), during the 

second training session, the resistance setting of the hand-held device was set at the training level 

(max. 40% MIP/MEP), and during the third training session, we set the device at the training level 

(max. 60% MIP/MEP). 

We performed spirometry measurements with the Vitalograph ALPHA Touch Spirometer (Ltd, 

Intl ., Maids Moreton , UK), before and after each training session. Subjects were tested in a sitting 

position , wearing a nose clip. After a maximal inspiration, they exhaled as hard and as quickly as 

possible. They were encouraged to continue exhaling for at least six seconds so that forced expiratory 

volume in one second (FEV1), forced expiratory volume in 6 seconds (FEV6) and forced vital 

capacity (FVC) could be measured. The tests were repeated three to five times until the two largest 

values recorded - forced vital capacity (FVC) and FEV1, FEV6 varied by less than 3%. Direct 

measurements include VC (vital capacity – measured in liters), FVC (forced vital capacity – measured 

in liters), FEV1 (forced expiratory volume in one second – measured in liters), FEV6 (forced 

expiratory volume in 6 seconds – measured in liters) and peak expiratory flow-PEF (liters/second). 

The forced expiratory ratio (FEV1/FVC × 100) is also calculated (percentage %). 

In addition to this method, we included a set of exercises to tone the peripheral muscles to 

increase the elasticity of the rib cage, performed twice a week , for 50 min. per session . We grouped 

these exercises according to the three types of breathing used by singers: subclavicular breathing, 

costal-diaphragmatic breathing and abdominal breathing. 

The measured indicators were analyzed descriptively, by calculating and comparing the most 

important descriptive statistics (mean, median, etc.). The descriptive values obtained for each 

measurement were evaluated to see if an improvement in the subjects' performance was observed from 

the initial to the final measurement, following the application of the method. Given that these are 

repeated measurements performed on small samples of subjects, 11, it is necessary to apply non-

parametric tests. We applied the Wilcoxon test for respiratory measurements (these being 2 in number 

– initial and final), to present the test values and the probability obtained (p- value ) and to evaluate 

the level of significance in order to validate the efficiency of the applied method. Also for descriptive 

purposes, we constructed various types of graphs, of which we present the boxplot . This, in turn, 

allows for descriptive and variation comparisons between the measurements performed. 

 

Measurement conclusions 
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spirometric values obtained at the intermediate and final evaluation among the 11 subjects of 

the experimental group reveals a constant increase in respiratory parameters, especially FEV1 (forced 

expiratory volume in the first second) and FVC (forced vital capacity). All participants recorded 

progressive improvements, with average variations between +0.08 L and +0.27 L for FVC and 

between +0.05 L and +0.17 L for FEV1. These changes indicate a functional adaptation of the 

respiratory muscles following training with the threshold device , demonstrating its effectiveness in 

increasing respiratory capacity. 

However, not all variables analyzed showed significant changes. For example, the forced 

expiratory volume ratio (FEV1/FVC) did not undergo relevant changes, suggesting that both FEV1 

and FVC increased proportionally. This finding is important because it indicates that this method not 

only increased total lung capacity, but also maintained a functional balance in respiratory performance. 

The small sample size is a limitation of the study, suggesting the need to expand the research 

to a larger group to obtain more robust statistical validation. Future studies could also investigate the 

long-term effects of maintaining respiratory training, as well as its influence on stage performance 

and vocal endurance in demanding contexts. 

 

Respiratory muscle development in soloists and professional breathers through 

swimming and apnea exercises in the pool 

 

This study aimed to investigate the effect of swimming on lung function among singers and 

wind instrument players. Previous studies indicate that swimming significantly influences lung 

function , demonstrating greater effectiveness in this aspect compared to other sports. 

present research assumes the following hypotheses: 

  Increase in muscle strength and endurance: Through swimming, the diaphragm and 

intercostal muscles are constantly trained, playing an essential role in the effort of breathing. Apnea 

brings an additional load on them, stimulating increased resistance and the ability to sustain longer 

periods of muscle contraction without fatigue, essential in supporting the respiratory effort in 

professional vocalists and wind instrument players. 

  Swimming and apnea-based training improves respiratory coordination, helping to 

optimize the synchronization of breathing with movement and more precise control of the air flow 

required during musical performance. 
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 Vocal and wind instrument  professionals who participate in swimming and apnea breathing 

training will record superior performance in controlling and sustaining airflow, which will contribute 

to better phonatory endurance and more efficient instrumental performance. 

  Ventilatory and spirometric adaptations: Spirometric measurements , such as forced 

vital capacity (FVC), forced expiratory volume in one second (FEV1), and respiratory reserve volume, 

will improve as a result of physiological adaptations to the stress induced by apnea and swimming. 

  Benefits for vocal and wind instrument professionals: Since these professionals require 

precise respiratory control and consistent pulmonary intake, improving respiratory muscles will 

facilitate maintaining consistent levels of airflow during performances, thus supporting superior 

performance. 

 

Intervention program 

I designed a swimming program over eight weeks , three times a week (Monday, Wednesday, 

and Friday), with sessions lasting about 50-60 minutes. 

Warm-up phase . Participants performed specific warm-up exercises for 10 minutes, aiming to prepare 

the circulatory and respiratory systems before entering the pool, as well as to stimulate the mobility 

of the lower and upper limbs, in order to prevent possible muscle injuries during swimming. In this 

phase, static joint mobility exercises were preferred (Zorba, 2001), with 10-second breaks between 

exercises, to allow muscle relaxation. 

Basic stage. This stage consists of approximately 50-60 minutes of swimming training, performed 

weekly, which includes various exercises applied with the aim of achieving between 60-75% of 

maximum power capacity of moderate effort loads. 

The measurements were performed using a laboratory spirometer ( Turninac). Pneumotax , 

Pony FX - Cosmed Pulmonary Function Equipment , Italy). The parameters analyzed for the 

assessment of pulmonary function included: FVC (forced vital capacity, expressed in liters), FEV1 

(forced expiratory volume in one second, expressed in liters), FEV1/FVC (the ratio of forced 

expiratory volume to forced vital capacity, expressed as a percentage), PEF (peak expiratory flow, 

measured in liters per second), FEV25-75 (the volume of air expelled between 25% and 75% of vital 

capacity, measured in liters per second), FEV6 (forced expiratory volume over six seconds, measured 

in liters) and FEV1/FEV6 (the ratio of forced expiratory volume in the first second to forced expiratory 

volume in six seconds, expressed as a percentage). 
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At this stage of the analysis, we applied comparison tests to confirm/disprove what was 

observed from the descriptive statistics. Given that measurements were performed on a small sample 

of subjects (11), it is necessary to apply non-parametric tests. Among these, we applied the Wilcoxon 

test for the measurements in the swimming test, as there were two measurements (initial and final). In 

this case, we presented the test values and the probability obtained, in order to evaluate the level of 

significance and validate the efficiency of the procedures applied. 

 

Measurement conclusions 

All main parameters of pulmonary function (FVC, FEV1, PEF, FEF25–75, FEV6) recorded 

statistically significant increases in the group that followed the swimming and apnea program. 

Wilcoxon and Sign tests confirm these increases (p < 0.05), indicating the effectiveness of aquatic 

training. 

Specifically, significant increases were noted for the following parameters: 

• forced vital capacity (FVC): average increase of approximately 17.6%; 

• forced expiratory volume in one second (FEV1): increase of approximately 18%; 

• peak expiratory flow (PEF): 17.8% increase; 

• average flow recorded between 25% and 75% of vital capacity (FEF25-75): 22% increase; 

• Forced expiratory volume in 6 seconds (FEV6): increase of approximately 19.7%. 

In contrast, the FEV1/FVC and FEV1/FEV6 indicators did not undergo statistically significant 

changes, suggesting a proportional and balanced improvement in ventilatory parameters, without 

signs of obstruction or functional imbalance. 

The results of the control group, which did not receive a specific training program, remained 

relatively constant, with no significant improvements. This finding confirms the hypothesis that the 

improvements observed in the experimental group are due to the swimming and apnea intervention, 

not to natural variations or routine activities. 

In conclusion, the data obtained strongly support the hypothesis that aquatic training, by 

demanding the respiratory muscles and increasing resistance to effort, causes functional adaptations 

relevant to respiratory function. These improvements are particularly valuable for vocal and wind 

performers, who depend on fine respiratory control, increased lung capacity, and airflow stability in 

their artistic activity. 

General conclusions 
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The methods used in this research clearly demonstrate that their application leads to a 

significant increase in respiratory capacity, an essential factor in the training of professional singers 

and wind instruments, having a strategic role in achieving the set objectives and obtaining outstanding 

performances. Improved breathing contributes to increasing vocal endurance, which influences the 

ability to interpret long-lasting musical phrases on a single breath, without considerable effort, 

allowing the use of a varied palette of nuances depending on the musical character. The level of artistic 

maturity of a singer or wind instrument player is closely linked to the progress made in the 

development and improvement of the respiratory system. 

Complementary analysis of the differential changes in the experimental and control groups 

also revealed that improvements were greater in the second method, and the observed results confirm 

our initial hypothesis. The significant increase in expiratory muscle strength and its close correlation 

with the improvement of certain effort variables, strongly suggests a causative role in the increase in 

respiratory capacity . Although respiratory muscle training is volitional and therefore may be biased 

by learning, the absence of changes in the control group strongly argues for a real increase in 

expiratory muscle strength in trained subjects . 

Confirmed hypotheses : 

Threshold training significantly improves lung function: 

•  significant increases in vital capacity (VC) and forced vital capacity (FVC), statistically confirmed 

(p < 0.05); 

•  forced expiratory volume in one second (FEV1) increased by approximately 11-12% in the study 

group, indicating an improvement in the lung's ability to generate airflow quickly and efficiently; 

•  peak expiratory flow (PEF) and forced expiratory volume in 6 seconds (FEV6) also showed 

significant increases, indicating improved respiratory muscle strength and airflow control. 

Swimming contributes to the development of respiratory capacity and respiratory efficiency in vocal 

and instrumental professionals: 

•  significant improvements in FVC and FEV1, with increases of approximately 17-18%, indicating 

an adaptation of the respiratory system to the high demands imposed by swimming; 

•  PEF and FEF25-75 increased significantly, suggesting better use of expiratory force during exercise; 

•  FEV6 increased by 20-23%, indicating an improved ability to expel air from the lungs. 

The immediate effect of training leads to better use and control of respiratory flow. 



15 
 

•  the results suggest that both training with the respiratory threshold device and swimming contributed 

to a rapid increase in respiratory flow after training; 

•  this aspect is reflected in increased acoustic efficiency and better airflow stability, essential for 

singers and wind instrument players; 

•  breath pressure control has been improved, facilitating the production of a more stable and better 

sustained sound. 

 

Disproven/unconfirmed hypotheses 

FEV1/FVC and FEV1/FEV6 did not show significant changes. 

•  these ratios represent the proportion of air forcibly exhaled in the first second compared to the total 

forced exhaled volume; 

•  the absence of a significant change suggests that the adaptations obtained through training did not 

change the ratio between expiratory flows, but only the total expiratory capacity; 

•  this means that the improvements observed are related to lung volume and respiratory muscle 

strength rather than proportional airflow efficiency. 

SHAM training did not lead to significant improvements in peak inspiratory and expiratory flows . 

•  although SHAM training led to increases in inspiratory and expiratory pressures, these were not 

large enough to significantly influence peak airflow; 

•  a possible reason could be the relatively low resistance settings in the MIP/MEP training program, 

which would have limited the effect on respiratory flows ; 

•  this result suggests that to increase maximum airflow, training with higher resistance and longer 

duration is required. 

FVC and FEV1 depend on the strength of the abdominal muscles. These muscles undergo hypertrophy 

due to prolonged exercise and increased FVC and FEV1 values. The diaphragm and accessory muscles 

of respiration also respond in the same manner. 

 

Overall conclusion and implications 

This study demonstrates that threshold breathing training and swimming can have a 

significant positive impact on lung function, especially on lung volume and respiratory muscle 

strength. Vocal professionals and instrumentalists can benefit from these methods, improving their 

lung capacity and airflow control, which may contribute to better artistic performance. The 

beneficial effects are more evident on total exhaled air volume and less on expiratory ratios, 
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suggesting that these methods improve muscle strength more than proportional expiratory efficiency. 

Swimming had a stronger impact than threshold breathing training, generating greater increases in 

lung function parameters. 

We believe that eight weeks of threshold resistance breathing training and eight weeks of 

swimming training appear to be sufficient to significantly increase both inspiratory and expiratory 

muscle strength . 

Extensive research, involving a larger number of participants, conducted over a longer period 

and using higher quality measurement instruments, could provide more precise data regarding the 

effectiveness of the working methods applied in this study. 

 

Bibliography 

 

Agostoni E, Hyatt RE. (1986). Static behavior of the respiratory system . In: Macklem PT, Mead J , 

eds . Mechanics of Breathing , part 1, Handbook of Physiology , sec 3: The Respiratory System 

. Bethesda , MD: American Physiological Society; 1986; 3. 

Alison McConnell . (2013). Respiratory Muscle Training , 2013. Published by Churchill Livingstone 

ISBN: 9780702054556. 

Alluri , V. (2012). Acoustic , neural, and perceptual correlates of polyphonic timbres . (pp. 47–50). 

Jyväskylä , FI: University of Jyväskylä . 

Anand , S., El- Bashiti , N., & Sapienza , C. (2012). Effects of training frequency on maximal 

expiratory pressure . American Journal of Speech Language Pathology , 21(4), 380-386. 

Antoniadou , M., Michaelidis , V. & Tsara , V.. (2012). Long function in wind instrument players . 

www.pneumon.org, 25, 180. 

Augsburg, T. (2005). Becoming Interdisciplinary : An Introduction to Interdisciplinary Studies, 2005, 

http://en.wikipedia.org/wiki/Multidisciplinarity. 

Bandy, WD, Lovelace -Chandler, V. and McKitrick -Brandy, B. (1990). Adaptation of skeleton 

muscle to resistance training. Journal of Orthopaedics and Sports Physical Therapy 12, 248-

255. 

Baker, S., Sapienza , C., & Collins , S. (2003a). Inspiratory pressure threshold training in a case of 

congenital bilateral abductor vocal fold paralysis . International Journal of Pediatric 

Otorhinolaryngology , 67, 413-416. 

Baker, S., Sapienza , C., Davenport, P., Martin, D., Hoffman- Ruddy , B., & Woodson , G. (2003b). 

Inspiratory pressure threshold training for upper airway limitation : a case of bilateral vocal 

fold paralysis . Journal of Voice , 17, 384-394. 



17 
 

Baker, S., Davenport, P., & Sapienza , C. (2005). Examination of training and detraining effects in 

expiratory muscles . Journal of Speech, Language , and Hearing Research , 48(6), 1325-1333. 

Beckerman M., Magadle R., Weiner M., Weiner P., The effects of 1 year of specific inspiratory muscle 

training in patients with COPD . Chest 2005; 128(5):3177-3182. 

Belman , MJ, and R. Shadmehr . 1988. Targeted Resist ventilator muscle training in chronic 

obstructive pulmonary disease . J. Appl . Physiol . 65:2726-2735. 

Bertsch , M. (1997). Variability in trumpet sounds . Proceedings-Institute of Acoustics , 19, 401–406. 

Bougault V, Turmel J, Levesque B, Boulet LP. The respiratory health of swimmers . Sports Med. 

2009; 39(4):295-312. 

Bouhuys , A. (1964). Long volumes and breathing patterns in wind - instrument players . Journal of 

Applied Physiology , 19, 967–975. 

Budoiu , M. (2007). Breathing between myth and truth . Ed. MediaMusica , Cluj-Napoca, 2007. 

Bunch , M. (1997). Dynamics of the singing voice . New York: Springer. 

Burrows B, Knudson RJ, Quan SF, Kettel LJ. (1983). Respiratory Disorders : A Pathophysiological 

Approach . 2nd ed. Chicago, IL: Year Book ; 1983:78–93. 

Campbell, EJM (1970). Accessory muscles . In: The respiratory muscles : mechanics and neural 

control , edited by EJM Campbell, E. Agostoni , and J. Newsom Davis, 2nd edition , pp. 181–

93. London: Lloyd- Luke . 

Chapman , J.L. (2006). Singing and teaching singing : a holistic approach to classical voices . San 

Diego, CA: Plural Publishing . 

Christine S. et al. (2002). Expiratory muscle training increases pressure support in high school bandit 

students In : Journal of voice : official journal of the Voice Foundation , 2002; 16(4). 

Comroe JH. (1974). Physiology of Respiration . 2nd ed. Chicago: Year Book ; 1974:94–141. 

Cossette , I., Sliwinski , P., & Macklem , PT (2000). Respiratory parameters during professional 

flutes playing . Breathing Physiology , 121, 33–44.10.1016/S0034-5687(00)00111-0. 

Cossette I., Monaco P., Aliverti A., Macklem PT, (2008). Chest Wall Dynamics and Muscle 

Recruitment during Professional Flute Playing , Respiratory Physiology and Neurobiology , 

160(2). 

Creangã , S. (2014). Singing and performance speech . Bucharest : University Publishing House , 

2014 ISBN 978-606-591-904-4. 

Cretoiu S., Cretoiu D., Marin A., Radu BM, Popescu LM (2013). Telocytes : ultrastructural , 

immunohistochemical and electrophysiological characteristics in humans myometrium . 

Reproduction 2013 Apr 15 145(4):357-70. two: 10.1530/REP-12-0369. 

Dean, RT, & Bailes , F. (2010). Time series analysis as a method to examiner acoustic influences on 

real- time perception of music . empirically Musicology Review , 5, 152–175. 



18 
 

Decramer M. The respiratory muscles . (1998). In: Fishman AP et al., eds . Pulmonary Diseases and 

Disorders . 3rd ed. New York: McGraw -Hill; 1998:63–71. 

Dekhuijzen , PNR, MML Beek , HTM Folgering , and CL A. Van Herwaarden . (1990). Psychological 

changes during pulmonary rehabilitation and target-flow inspirational muscle training in 

COPD patients with a ventilator limitation during exercise . International J. Rehabil . Res . 

13:109-117. 

DePalo , Vera A., Annie Lin Parker, Fadi Al- Bilbeisi , and  F. Dennis McCool . (2004). Respiratory 

muscle strength training with nonrespiratory maneuvers . J Appl Physiol , 96: 731–734, 2004. 

De Troyer A, Kirkwood PA, Wilson TA. (2005). Respiratory action of the intercostal muscles . 

Physiol Rev. 2005; 85. 

Draper , MH, Ladefoged , P., and Whitteridge , D. (1960). Expiratory pressure and air flow during 

speech. British Medical Journal, 1 (5189): 1837–43. 

Dry Koen , Vincken Walter, Loeckx Johan, Schuermans Daniel , Dirckx Joris . (2017). Effects of a 

respiratory muscle training program on respiratory function and musical parameters in 

saxophone players . Journal of new musical research - ISSN 0929-8215 - 46:4(2017), p. 381-

393. 

Drummond , MF, Sculpher , MJ, Claxton , K., Stoddart , GL, & Torrance , GW (2015). Methods for 

the economic evaluation of health care programs . Oxford, UK: Oxford University Press. 

Enright , S., Unnitham , V., Heward , C., Withnall , L. & Davies, D. (2006). Effect of high-intensity 

inspirational muscle training on long volumes , diaphragm thickness , and exercise capacity in 

subjects who are healthy . Physical Therapy , 86(3), 345-354. 

Fahey , T. (1998). Adaptation to exercise : progressive resistance exercise . In: Encyclopedia of Sports 

Medicine and Science : http://sportsci.org. 

Griffiths TL, Burr ML, Campbell IA, Lewis- Jenkins V, Mullins J, Shiels K, et al. (2000). Results at 

1 year of outpatient multidisciplinary pulmonary rehabilitation : a randomized controlled trial. 

Lancet 2000;355:362–8. 

Hyatt RE. (1986). Forced expiration . In: Macklem PT, Mead J, eds . Mechanics of Breathing , part 1, 

Handbook of Physiology , sec 3: The Respiratory System . Bethesda , MD : American 

Physiological Society ; 1986;3:295–314. 

Hillegass E. (2011). Essentials of Cardiopulmonary Physical Therapy . Saunders Elsevier. 

Hine R. (2016). A dictionary of biology (7th ed.), Oxford: Oxford University Press: 540, 2016. 

Hixon , TJ (1987). Respiratory function in speech and song . Boston: College-Hill Press. 

Hodges PW, Sapsford R , LHM (2007). Pengel , Postural and respiratory functions of the pelvic floor 

muscles . Neurourol . Urodyn 2007;26(3):362-371. 

Hoffman - Ruddy , B., Davenport, P., Baylor , J., Lehman , J., Baker, S., & Sapienza , C. (2004). 

Inspiratory muscle strength training with behavioral therapy in a case of a rower with I assume 



19 
 

exercise-induced paradoxical vocal fold dysfunction . International Journal of Pediatric 

Otorhinolaryngology , 68, 1327-1332. 

Husson , R. (1968). The cantata voice , Musical Publishing House, Bucharest 

Ingram RH Jr , Pedley TJ. (1986). Pressure-flow relationships in the long In: Macklem PT, Mead J, 

eds . Mechanics of Breathing , part 1, Handbook of Physiology , sec 3: The Respiratory System 

. Bethesda , MD: American Physiological Society ; 1986;3:277–293. 

Jimborean G., Ianosi ES, Croitoru A., Szasz S., Postolache P. (2017). Respiratory muscle training in 

chronic obstructive pulmonary disease . Pulmonology 2017; 66(3): 128–30. 

Jones, F.P. (1972). Voice production as a function of head balance in singers . Journal of Psychology 

82: 209–15. 

Kari , G. (2009 ). Methodical swimming guide , Romania of Tomorrow Foundation Publishing House, 

Bucharest , 2009. 

Key , V., Pierre R., Caruso.(1966). Musical Publishing House of the Composers' Union , Bucharest 

1966. 

Keens , T., Krastins , I., Wannamaker , E., Levison , H., Crozier , D. & Bryan, A. (1977) Ventilatory 

muscle endurance training in normal subjects and patients with cystic fibrosis . American 

Review of Respiratory Disorders , 116, 853-860. 

Kera , T. and Maruyama , H. (2005). "The effect of posture on respiratory activity of the abdominal 

muscles ." Journal of Physiology , Anthropology and Applied Humana Science 24(4): 259–65. 

Koen D., Vincken Walter, Loeckx Johan, Schuermans Daniel , Dirckx  Joris (2017) Effects of a 

Respiratory Muscle Training Program on Respiratory Function and Musical Parameters in 

Saxophone Players , in: Journal of New Music Research , 46(4). 

Lacasse Y, Wong E, Guyatt GH, King D, Cook DJ, Goldstein RS. (1996). Meta- analysis of 

respiratory rehabilitation in chronic obstructive pulmonary disease . Lancet 1996;348:1115–

9. 

Larson, JL, MJ Kim, JT Sharp, and DA Larson. (1988). Inspiratory muscle training with a pressure 

threshold breathing device in patients with chronic obstructive pulmonary disease disease . I 

have. rev. I breathe. Dis . 138:689-696. 

Lattuca , L. (2002), Learning Interdisciplinarity , The Journal of Higher Education , vol. 73. 

Lazovic B, Mazic S, Suzic-Lazic J, Djelic M, Djordjevic- Saranovic S, Durmic T, et al. (2015). 

Respiratory adaptations in different types of sports . Eur Rev Med Pharmacol Sci . 

2015;19(12):2269-74. 

Leanderson , R., Sundberg , J., and von Euler, C. (1987). Role of diaphragmatic activity during singing 

: a study of transdiaphragmatic pressures . Journal of Applied Physiology 62(1): 259–70. 

Leanderson , R. and Sundberg , J. (1988). Breathing for Singing . Journal of Voice 2 (1):2–12. 



20 
 

Levitzky MG, Cairo JM, Hall SM. Introduction to Respiratory Care . Philadelphia: WB Saunders and 

Company; 1990. 

Lisboa , C., Munoz , T., Beroiza , T., Leiva , A., & Cruz E. (1994). Inspiratory muscle training in 

chronic airflow limitation : comparison of two different training loads with a threshold devices 

. European Respiratory Journal , 7, 1266-1274. 

Lotters F , van Tol B, Kwakkel G, et al. (2002). Effects of controlled inspirational muscle training in 

patients with COPD: a meta- analysis . Eur Respir J, 20:570–8. 

McArdle , W., Katch , F., & Katch , V. (2007). Exercise physiology : energy , nutrition , & human 

performance (6th ed.). Philadelphia: Lippincott Williams & Wilkins . 

Marks , Meyer Benjamin. (1974). The 1974 Bela Schick Memorial Lecture . Musical wind instruments 

in rehabilitation of asthmatics children . Annals of Allergy 33.6 (1974). 

Mason RJ, Lewis JF. (2010). Pulmonary surfactant . In: Mason RJ, Broaddus VC, Martin TR, eds . 

Murray & Nadel's Textbook of Respiratory Medicine. 5th ed. Philadelphia, PA: WB Saunders 

and Company; 2010:200–216. 

Matcovschi S., Țerna E. (2003). Functional explorations of the respiratory system. Chisinau State 

University of Medicine and Pharmacy 2003, 7-20. 

Mathers -Schmidt, B., & Brilla , L. (2005). Inspiratory muscle training in exercise-induced 

paradoxical vocal fold motion . Journal of Voice , 19(4), 635-644. 

Medicine LibreTexts . (2023). Anatomy and Physiology of the Respiratory System . Retrieved from 

Medicine LibreTexts . 

Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, et al. (2005). ATS/ERS Task 

Force. Standardization of spirometry. Eur Respir J. 2005; 26(2):319---38.11. 

Miller, R. (1997). National schools of singing : English, French , German, and Italian techniques of 

singing revisited . Lanham , MD: Scarecrow Press. 

Mitton , E. Habrecht (2016). The Ten Essentials. Authentic bel canto vocal instructions . Multimedia 

Electronic Book Version ISBN 978-0-9972448-2-3. 

Murray JF. The Normal Lung. (1986). 2nd ed. Philadelphia, PA: WB Saunders and Company; 

1986:83–138. 

Nechita, A., Mușat C., L., (2006). Physiology of the respiratory system . Galați : Publishing House of 

the "Lower Danube" University Foundation , 2006. 

Ochină G. (2002). Physiotherapy in respiratory diseases , Univ., Bacău. 

Pardy RL, Rochester DF. (1992). Respiratory muscle training. Semin Respir Med , 13:53–62. 

Paulencu , I. (2014). Artistic aspects of interpretation and vocal technique. Studiul Artelor și 

Culturologie no. 3 (23). 



21 
 

Pettersen , V. (2005). Muscular patterns and activation auxiliary levels breathing muscles and chest 

movement in classical singing Folia Phoniatrica et Logopedica 57(5–6): 255–77. 

Pettersen , V. (2006). Preliminary findings on the classical singer's use of pectoralis major muscle . 

Folia Phoniatrica et Logopedica 58(6): 427–39. 

Pettersen , V. and Westgaard , R.H. (2004). Muscle professional activity classical singing : a study on 

muscles in the shoulder , neck and trunk . Speech therapy Phoniatrics Vocabulary 29(2): 56–

65. 

Pettersen , V. and Westgaard , RH (2005). The activity patterns of neck muscles in professionals 

classical singing Journal of Voice 19(2): 238–51. 

Pettersen , V., Bjorkoy , K., Torp , H., and Westgaard , RH (2005). "Neck and shoulder muscle activity 

and chest movement in singing and speaking tasks with variation in vocal loudness and pitch 

." Journal of Voice 19(4): 623–34. 

Postolache P., Cojocaru DC, Pulmonary rehabilitation -- from guidelines to practice (2013). Rev Med 

Chir Soc Med Nat Iasi / The Medical Surgical Journal 2013, 117(2): 380–87. 

Powers , S. & Howley , E. (2002). Exercise physiology : Theory and application to fitness and 

performance. McGraw -Hill. 

Quarrier , N.F. (1993). Forward head postures in vocal performance. Medical Problems of Performing 

Artists 8: 29–32. 

Raff H, Levitzky MG, eds . (2011). Medical Physiology : A Systems Approach . New York: McGraw 

-Hill; 2011:329–330. 

Ramirez- Sarmiento A, Orozco -Levi M, Gu¨ell R, Barreiro E, Hernandez N, Mota S, et al (2002). 

Inspiratory muscle training in patients with chronic obstructive pulmonary disease disease : 

structural adaptation and Physiologie outcomes . Am J Respir Crit Care 2002;166:1491-7. 

Raper , AJ, Thompson, WT, Jr., Shapiro , W., and Patterson , JL, Jr. (1966). Scalene and sternomastoid 

muscle function . Journal of Applied Physiology 21(2): 497–502. 

Ratnovsky , A., Elad , D., & Halpern , P. (2008). Mechanics of respiratory muscles . Respiratory 

physiology & neurobiology , 163(1-3), 82-89. 

Ries AL, Bauldoff GS, Carlin BW, Casaburi R. et al. (2007). Pulmonary Rehabilitation : Joint 

ACCP/AACVPR . Evidence-Based Clinical Practice Guidelines , Chest 2007 May; 113(5 

Suppl ): 4S–42S. 

Rohwer , D. (2009). Adult musicians ' perceived and measured pulmonary work Medical Problems of 

Performing Artists . 

Rusu, A. (2006). Solo technique and virtuosity: necessary conditions for vocal interpretation . Ed. 

MediaMusica ISBN/EAN 973-8431-46-8. 

Sable , M., Vaidya , SM & Sable , SS (2012). Comparative study of lung functions in swimmers and 

runner Indian Journal Physiol Pharmacol . 56(1), pp.100-4. 



22 
 

Sapienza , C., (2008). Respiratory muscle strength training. Current Opinion in Otolaryngology and 

Head and Neck Surgery , 16(3), 216-220. 

Sapienza , C., Brown, J., Martin, D., & Davenport, P. (1999). Inspiratory pressure threshold training 

for glottal airway limitation in laryngeal papilloma . Journal of Voice , 13(3), 382-388. 

Sapienza , C., Davenport, P., & Martin, D. (2002). Expiratory muscle training increases pressure 

support in high school bandit students Journal of Voice . 16, 495–501. 

Sapienza , C. & Wheeler , K. (2006). Respiratory muscle strength training: functional outcomes versus 

plasticity . Seminars in Speech and Language , 27, 236-244. 

Sears, TA (1977). Some neural and mechanical aspects of singing . In:. Music and the brain : studies 

in the neurology of music , edited by M. Critchley and RA Henson , pp.78-94. London: 

Heinemann Medical. 

Silvatti , AP, Sarro , KJ, Cerveri , P. & Baron, G. (2012). A 3D kinematic breathing analysis patterns 

in competitive swimmers . Journal of Sports . 30(14), pp. 1551-1560. 

Stan, S. (1967). The Art of Stage Speaking . Didactic and Pedagogical Publishing House, Bucharest 

1967. 

Sbenghe T. (1983). Medical recovery of respiratory patients . Bucharest Medical Publishing House, 

1983, 120. 

Shephard , RJ (1978). Human physiological work capacity . Cambridge University Press, Cambridge. 

Slater , D. D. (1911). Vocal Physiology and the Teaching of Singing . To complete guides to teachers 

, students and candidates for the ARCM, LRAM, and all similar examinations . London: JH 

Larway . 

Smith J et al. (1990). Sensation of inspired volumes and professional pressures wind instrument 

players . Journal of applied Physiology , 1990; 68(6). 

SpringerLink . (2023). Physiology of Respiration . In PK Das, V. Sejian , J. Mukherjee , & D. Banerjee 

( Eds .), Veterinary Physiology . Springer Nature Singapore Pte Ltd Retrieved from 

SpringerLink . 

Stefaneț M. (2008). Human Anatomy 2: 148–91. 

Sundberg , J., Leanderson , R., and Voneuler , C. (1986). Voice Source Effects of Diaphragmatic 

Activity in Singing . Journal of Phonetics 14(3–4): 351–7. 

Sundberg , J. (1987). The science of the singing voices . DeKalb , IL: Northern Illinois University 

Press. 

TeachMePhysiology . (2023). Thoracic Cavity : Structure and Function . Retrieved from 

TeachMePhysiology . 

Terry Des Jardins MED, RRT (2008). Cardiopulmonary Anatomy Physiology – Essentials for 

Respiratory Which .m 



23 
 

Thomasson M., Sundberg J., Consistency of Inhalatory Breathing Patterns in Professional Operatic 

Singers. Journal of Voice , Volume 15, Issue 3, September 2001, Pages 373-383. 

Thomasson , M. (2003). Belly -in or belly -out? Effects of inhalation behavior and long volume on 

voice I work in male opera singers . TMH-QPSR 45: 61–73. 

Thorpe , CW, Cala, SJ, Chapman , J., and Davis, PJ (2001). Patterns of breath support in projection 

of the singing voices . Journal of Voice 15(1): 86–104. 

Ţincu , Radu. Physiology of the respiratory system. In: Cândea, Vasile (coord.). Treatise on Medical 

Physiology, Medical Publishing House, Bucharest, 2008, pp. 385–432. 

Titze , IR (2000). Principles of voice production . Iowa City: National Center for Voice and Speech. 

Truiculescu Marin-Marius. (2011). Professional vocal singing: correct breathing , emission technique 

and nuanced interpretation for all genres of singing, from church singing, folk singing, etc., 

to opera. Cluj-Napoca: Renaşterea , 2011. 

Vaithiyanadane V , Sugapriya G, Saravanan A, Ramachandran C. Pulmonary function test in 

swimmers and non- swimmers - a comparative study . Int J Biol Med Res . 2012; 3(2):1735-

8. 

Vasilescu MM. (2007). Physiotherapy of respiratory diseases . Ed. Universitaria Craiova, 2007, 13–

129. 

Vines , Bradley W., et al. (2011). Music to my eyes : Cross-modal interactions in the perception of 

emotions in musical performance. Cognition 118.2 (2011). 

von Euler, C. (1968). The proprioceptive control of the diaphragm . Annals of the New York Academy 

of Sciences 155(A1): 204–5. 

Watson, AH (2014). Breathing in singing . The Oxford Handbook of Singing , edited by Graham 

Welch , David M. Howard, and John Nix (pp.1-16). 

Watson, A. H. D. (2009). The biology of musical performance and performance- related injury . 

Lanham , MD: Scarecrow Press. 

Watson, P.J. and Hixon , TJ (1985). Respiratory kinematics in classical (opera) singers . Journal of 

Speech and Hearing Research 28 (1): 104–22. 

Watson, PJ, Hoit, JD, Lansing , RW, and Hixon , TJ (1989). Abdominal muscles activity during 

classical singing Journal of Voice 3(1): 24–31. 

Weiner , P. & Weiner , M. (2006). Inspiratory muscle training may increase peak inspirational flow 

in chronic obstructive pulmonary disease . Chest , 73, 151-155. 

Wells GD, Plyley M, Thomas S, Goodman L, Duffin J (2005) Effects of concurrent inspirational and 

expiratory muscle training on respiratory and exercise performance in competitive swimmers 

. Eur J Appl Physiol 94:527–540 

Wesst CR, Taylor BJ, Campbell IG et al. (2009). Effects of inspiratory muscle training in Paralympic 

athletes with cervical spinal cord injury . Med. Sci . Sports Exerc 2009;41:S31–S32. 



24 
 

Zuskin , E., Mustajbegovic , J., Schachter , EN, Kern , J., Vitale, K., Pucarin-Cvetkovic , J., Doko 

Jelinic , J et al. (2009). Respiratory work in wind instrument players . Med Lav . 2009; 100(2), 

pp. 134-141. 

 

 


