
Supplementary Table 1: Articles included in the final review. 
 

Authors 
(Country, Year) Study Type 

Sample 
 Risk Factors Symptoms Diagnosis Treatment Comments 

Weber, et al. [1] 
(USA, 1970) 

CS F, 23 yo.  
Oboe.  
No relevant clinical 
history. 

NA - NAE - Medical History 
- PE 
- NPS 
- Speech Evaluation 
- X-ray  
- Cephalometry 

NA - IVP only when playing. 
- Provides information 
about diagnostic tests and 
physiological demands for 
playing wind instruments. 

Dibbel, et al. [2] 
(USA, 1979) 

CS 2 cases: 
- F, 20 yo. Oboe. 
Submucosal cleft 
palate. 
- M, 23 yo. Trumpet. 
No relevant clinical 
history. 

NA - NAE 
- Inability to 
play. 

- Speech Evaluation  
- Measurement of oral 
airflow and pressure 
- Imaging studies 

Superior-based V-Y 
pharyngeal flap 

- Successful treatment in 
both cases.  
- 2 years after the 
intervention, 
asymptomatic and able to 
continue their careers. 

Shanks [3] 
(USA, 1990) 

R-CS M, 12 yo.  
Tuba. 
Adenotonsillectomy 

NA - NAE - Medical History 
- PE  
- Speech evaluation 
(nasality index) 
- Measurement of oral 
air pressure 
- Videofluoroscopy 
- EMG (neck extensor) 
 

Superior-based 
pharyngeal flap 

- Careful long-term follow-
up. 
- Utility of surgery in cases 
refractory to conservative 
treatment. 

Gordon, et al. [4] 
(USA, 1994) 

CS F, 31 yo. 
Bassoon. 
Adenotonsillectomy 

NA - NAE 
- PN 

- Medical History 
- PE 
- NPS 

- Teflon injection - Safe and precise 
technique. 
- Teflon is not the ideal 
material 
- The need to research other 
biocompatible materials. 

Conley, et al. [5] 
(USA, 1995) 

CS M, 17 yo.  
Trumpet.  
No relevant clinical 
history. 

NA - NAE 
- Hypernasality 

- Medical History 
- PE 
- NPS 
- Videofluoroscopy 

- Cessation of 
instrumental practice 
for 1 month. 

Importance of a 
conservative approach for 
non-professional wind 
musicians. 



- Nasal 
regurgitation of 
liquids 

- Pharyngeal muscle 
training (suction 
exercises). 

Klotz, et al. [6] 
(USA, 2001) 

CS + Review 2 cases:  
- F, 19 yo. French 
horn. Cleft palate 
surgery. 
- F, 20 yo. Oboe. No 
relevant clinical 
history. 

- Fatigue (long 
performances) 
- High notes 
- Long notes 

- NAE 
- PN 

- Medical History 
- PE 
- NPS 

- Speech therapy 
- autologous adipose 
tissue injection. 

- Ambulatory lipoinjection 
can be a good therapeutic 
option for small nasal leaks. 
- The long-term outcome of 
this technique needs to be 
further evaluated. 

McVicar, et al. [7] 
(USA, 2002) 

CS M, 18 yo.  
Clarinet. 
No relevant clinical 
history. 

- Fatigue 
- Restarting practice 
after holidays 

- NAE 
- PN 
- Loss of control 
of the air column 

- Medical History 
- PE 
- NPS 

- Superior-based 
pharyngeal flap. 

The superior-based 
sphincter flap should be 
considered a therapeutic 
option. 

Schwab, et al. [8] 
(Germany, 2004) 

Cross-
sectional 

148 musicians: 
- 53.5% brass. 
- 46.4% woodwind. 
 
*46 out of 148 (31%) 
musicians with VPI 

- Stress 
- Restarting practice 
after holidays 
- Stage fright 
- Cold 
- ↑ oral pressure 

- NAE - Measurement of oral 
pressure (Bronchialis 
"S" catheter + 
manometer) 
- NPS 

NA - Instrumentalists requiring 
higher oral airflow 
pressure to initiate a note 
are more affected. 
- It is advisable to assess 
oral airflow pressures in 
students to prevent VPI. 
- An anatomical and 
functional evaluation of 
each case is recommended 
to determine the 
appropriate treatment. 

Malick, et al. [9] 
(USA, 2007) 

Cross-
sectional 

156 musicians: 
- 54% M; 46% F. 
- 49% brass, 51% 
woodwind. 
- Ages 18-39 yo.  
 
Medical history: 
- Hearing 
impairment (7.8%) 

- Time of music 
performed 
- Sound register 
- Duration of notes 
- Sound volume 
- Type of instrument 
(p = 160) 
- Relevant medical 
history (p > 0.5) 

- NAE 
- PN 

 NA - Speech therapy 
(47.5%) 
- Sphincter 
pharyngoplasty (30%) 
- Pharyngeal flap 
(26.8%) 
- "Wait & see" (19%) 
- Injection of adipose 
tissue or Teflon in 
posterior wall or 

- VPI can mark the end of 
the professional careers of 
many wind musicians. 
- There is a lack of 
information among 
musicians about the 
characteristics and 
management of this issue. 



- Articulation 
disorder (7.6%) 
- Cleft palate (3.8%) 
- Adenoidectomy 
(17.7%) 
- Tonsillectomy 
(13.5%). 
 
53 out of 156 (34%) 
musicians with VPI 
 
160 Doctors: 
- ENT (37%) 
- Plastic surgeons 
(54%) 
- 86% M; 14% F. 

velum of the palate 
(20%) 
- Palatal lift (10%) 
- Removable 
maxillary prosthesis 
(4.4%) 
- Tonsillectomy 
(2.50%) 
- Adenoidectomy 
(1.3%) 
- 
Uvulopharyngoplasty 
(1.9%) 
- Somnoplasty (0.6%) 
- Turbinectomy 
(0.6%) 
- Rhinectomy (0.6%) 

Whitehand, et al. [10] 
(Australia, 2009) 

CS M, 36 yo.  
Trumpet.  

NA - NAE NA - Nasal clip - Nasal clip could be a 
conservative treatment. 
- More studies are needed 

Evans, et al. [11] 
(USA, 2011) 

Cross-
sectional 

77 musicians: 
- 44% F; 36% M. 
- Clarinet, oboe, 
saxophone, bassoon, 
french horn, and 
trumpet. 
 
30 out of 77 (39%) 
musicians with VPI. 

- Muscular fatigue 
- Stage fright 
- Study overload 
- Upper respiratory 
tract infection 
- Restarting practice 
after holidays 

- PN (83%) 
- NAE (17%) 
- Uncontrolled 
emission (50%) 
- Throat strain 
(33%) 
- Fatigue (63%) 

NA NA VPI is a common disorder 
(39%) among brass and 
woodwind players. 

Visser, et al. [12] 
(The Netherlands, 
2011) 

CS 2 cases: 
 - F, 18 yo. Clarinet. 
Insufficient suction 
during 
breastfeeding due to 
nasal regurgitation 
of liquids. 

- Sound register - PN 
 

- Medical History 
- PE 
- NPS 

- Speech therapy 
- Posterior-based 
pharyngeal flap 

The posterior pharyngeal 
base flap is a feasible 
therapy with good results. 



- F, 26 yo, Clarinet. 
Adenotonsillectomy 

Bennet, et al. [13] 
(USA, 2013) 

CC - 6 cases 
- 4 controls 
 
No relevant clinical 
history. 
Trombone. 
20 – 25 yo. 
8 M, 2 F 
 

NA - NAE 
- PN 
- NAE just 
before the onset 
of sound 

- Medical History 
- Measurement of 
nasal pressure (using 
a nasal cannula) 

- Biofeedback  - Measuring nasal air 
pressure may be a good 
method to monitor 
sphincter function during 
musical practice and to 
guide biofeedback.  
- NAE occurred mostly 
before sound production. 

Evans, et al. [14] 
(Australia, 2014) 

Cross-
sectional 

14 respondents: 
- 7 ENT specialists 
- 7 speech -
therapists. 

- ↑oral pressure 
(79%) 
- Inadequate muscle 
closure (67%) 
- Anatomical 
abnormalities (64%) 
- Study overload 
(64%) 
- Muscular fatigue 
(64%) 
- Psychological 
predisposition (50%) 
- Incorrect technique 
(50%) 
- Muscular tension 
(43%) 
- History of ENT 
surgery (21%) 

- NAE 
- PN 
- Fatigue 
 

- Medical History 
(86%) 
- NPS (71%) 
- Speech evaluation 
(50%) 
- Measurement of oral 
pressure during 
musical practice 
(50%) 
- Measurement of 
airflow/pressure ratio 
(43%) 
- Symptom detection 
(36%) 
- PE (36%) 
- Videofluoroscopy 
(23%) 

- “Wait & see” (83%) 
- Instrument 
modifications (75%) 
- Speech therapy 
(67%) 
- Subglottic pressure 
management (67%) 
- Muscular training of 
the tensor veli 
palatini (58%) 
- Pharyngeal injection 
(58%) 
- Pharyngoplasty 
with flap (42%) 

- Medical history, PE and 
NPS are essential for the 
assessment. 
- Disparity of opinion on 
therapeutic management 
has been found among 
specialists.  

Raol, et al. [15] 
(USA, 2015) 

CS 2 cases: 
- M, 15 yo. 
Saxophone and 
clarinet player.  
- F, 16 yo. Oboe 
player.  

- Study overload 
(7-9 hours/day) 

- NAE - Medical History 
- PE 
- NPS 
- Nasometry 

- Sphincter 
pharyngoplasty. 
- Injection of 
hyaluronic acid in 
posterior pharyngeal 
wall. 
- NS 53/40; NS 43/29 

PE and NPS during musical 
exercise are essential to 
assess and localise nasal air 
leakage and to tailor 
treatment to be effective. 



Evans, et al. [16] 
(USA, 2015) 

CC - 8 cases (18 – 35 yo) 
- 5 controls (19 – 33 
yo)  
 
1 tonsillectomy. 
 
5 saxophones, 6 
clarinets, 2 oboes 
 
4 M, 9 F 
 

- Time of music 
performed 
- Type of repertoire 
- Performance stage 
environment 
- Muscular fatigue 

- NAE 
 

- Speech nasality 
assessment (k = 0.71 – 
0.78, p = 0.004) 
- Spirometry (pre and 
post MEP) CI = 95% 
- NPS (k = 0.71 – 1.00, 
p = 0.004) 

NA - A key aspect of VPI may 
be the contact of the soft 
palate against an irregular 
pharynx, resulting from 
normal anatomical 
variations. 
- Fatigue, type of repertoire 
and stage environment 
may explain the 
aggravation and 
intermittency of the 
symptomatology. 

Macrae, et al. [17] 
(USA, 2015) 

CS F, 20 a.  
Clarinet.  
Family history of 
cleft lip and cleft 
palate. 

NA - NAE 
- PN 

- Medical History 
- PE 
- NPS 
- Videofluoroscopy 
(velum length < 2 SD, 
velum thickness < 3 
SD) 

- V-Y pharyngeal flap. 
- Guided motor 
learning of speech. 

- Following corrective 
surgery in a clarinettist, a 
perceptible speech 
disturbance appeared. 
- Guided motor learning of 
speech has been able to 
restore the pre-surgical 
voice.  
- Surgery allows the 
recovery of musical activity 

Syamal, et al. [18] 
(USA, 2017) 

R-CS + Review 2 cases:  
- F, 20 yo. 
Trombone.  
- M, 20 yo. 
Saxophone. 
VACTERL 
syndrome (without 
tracheoesophageal 
fistula) 

- F: Study overload 
(4 - 5 hours/day) 
- M: Mild VPI during 
speech 

- NAE - Medical History 
- NPS 
 

- Speech therapy 
- Autologous adipose 
tissue injection. 

The results with autologous 
fat injection can be variable, 
but it is a minimally 
invasive and potentially 
permanent alternative. 

Koprowski, et al. [19] 
(USA, 2017) 

CS F, 18 yo.  
Clarinet.  

- Fatigue 
- Extended 
techniques 
- High and ultra-high 
register 

- NAE - Medical History 
- PE 
- NPS 
- Fluoroscopy 

- Augmentation of 
posterior pharyngeal 
wall with hyaluronic 
acid (1.8 mL of 
Deflux). 

- Videofluoroscopy and 
NPS are the key diagnostic 
tests. 
- Posterior pharyngeal wall 
augmentation with 



hyaluronic acid appears to 
be a safe and effective 
therapeutic option. 

Behel, et al. [20] 
(USA, 2021) 

Review NA Intrinsic: 
- Stage fright 
- Upper respiratory 
tract infection 
- ↑ oral pressure 
 
Extrinsic: 
- Muscular tension 
- Muscular fatigue 
- Poor posture 
- Inadequate air 
column 
- High-resistance 
instrument 
mouthpiece 
- Study overload 
- Extended 
techniques 
- Mute 
- ↑ sound intensity 

- NAE 
- PN 
- Hypernasality 
- Decreased 
voice intensity 
- Facial grimaces 

- NPS 
- Videofluoroscopy 
- RMN 
- Perceptual speech 
assessment 
- PE (posture and 
muscular tension) 
- Instrument 
evaluation 

- “Wait & see” 
- Speech therapy 
- Pharyngeal muscle 
training 
- Instrument 
modifications 
- ENT surgery 

In addition to health 
professionals, music 
teachers should be a 
fundamental link in the 
prevention and detection of 
VPI in this group in order 
to offer a multidisciplinary 
and individualised 
management to each 
patient. 

 
Abbreviations: CS, Case Series; NA, not available; R-CS, Retrospective Case Series; CC, Case-control; F, Female; M, Male; NAE, nasal air emissions; PE, Physical Examination; 
NPS, Nasopharyngoscopy; PN, Pharyngeal Noises; EMG, Electromyography; MEP, Maximum expiratory pressure; SD, Standard Deviation; NS _/_ (nasalance score pre-
treatment/post-treatment. 



Supplementary Table 2. Extended table of Quality assessment. 

References Study 
type 

Evidence 
level 

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 #11 #12 Quality 

Weber, et al. (1970) [1] CS 4 Yes Yes NA NA Yes No NA NA Yes - - - Regular 
Dibbel, et al. (1979) [2] CS 4 Yes Yes NR Yes Yes No NA NA No - - - Poor 
James C. Shanks (1990) 

[3] CS 4 No Yes NA NA Yes Yes NA NA Yes - - - Regular 

Gordon, et al. (1994) [4] CS 4 Yes Yes NA NA Yes Yes Yes NA Yes - - - Regular 
Conley, et al. (1995) [5] CS 4 Yes Yes NA NA Yes Yes Yes NA Yes - - - Regular 
Klotz, et al. (2001) [6] CS 4 Yes Yes NA Yes Yes No Yes NA No - - - Poor 

McVicar, et al. (2002) [7] CS 4 Yes Yes NA NA Yes No Yes NA Yes - - - Regular 
Schwab, et al. (2004) [8] D 4 Yes Yes Yes NR ND Yes Yes NA NA NA NA NA Regular 
Malick, et al. (2007) [9] D 4 Yes Yes Yes NR ND Yes Yes NA NA NA NA NA Regular 

Whitehand, et al. (2009) 
[10] CS 5 No No NA NA No No No NA No - - - Poor 

Evans, et al. (2011) [11] D 4 Yes Yes Yes NR ND Yes Yes NA NA NA NA NA Regular 
Visser, et al. (2011) [12] CS 4 Yes Yes NR Yes Yes No Yes NA Yes - - - Regular 
Bennet, et al. (2013) [13] CC 4 Yes Yes No Yes No Yes No No Yes Yes NR No Poor 
Evans, et al. (2014) [14] D 4 Yes Yes Yes NR ND Yes Yes NA NA NA NA NA Regular 
Raol, et al. (2015) [15] CS 4 Yes Yes NR Yes Yes Yes Yes NA Yes - - - Regular 

Evans, et al. (2015) [16] CC 4 Yes Yes No Yes Yes NR No No Yes Yes NR No Poor 
Macrae, et al. (2015) [17] CS 4 Yes Yes NA NA Yes Yes NA Yes Yes - - - Regular 
Syamal, et al. (2017) [18] CS 4 Yes Yes NR Yes Yes No No NA Yes - - - Poor 
Koprowski, et al. (2017) 

[19] 
CS 4 Yes Yes NA NA Yes No No NA Yes - - - Poor 

Behel, et al. (2021) [20] SR 4 Yes No Yes Yes No Yes No No NA - - - Poor 
Abbreviations: CS (case series), CC (case-control), SR (systematic review), D (descriptive), NA (not applicable), 
NR (not reported), ND (not determinable). 

#1 CS and D: Was the research question or study 
objective clearly stated? | CC: Were the research 
question or objective clearly stated and 
appropriate? | SR: Is the review based on a focused 
question adequately described? 

#2 CS: Was the study population clearly and 
completely described, including a case definition? | 
CC and D: Was the study population clearly 
specified? | SR: Were the eligibility criteria for 
included and excluded studies pre-defined and 
specified? 

#3 CS: Were the cases consecutive? | CC: Did the 
authors justify the sample size? | SR: Did the 
bibliographic search strategy use a comprehensive 
systematic approach? | D: Were the study 
participants representative of those eligible for 
intervention in the general population? 

#4 CS: Were the subjects comparable? | CC: Were 
controls selected or recruited from the same or 
similar population that gave rise to the cases? | SR: 
Were titles, abstracts, and full-text articles reviewed 
in a dual and independent manner for inclusion 

and exclusion to minimize bias? | D: Were all 
eligible participants who met the pre-specified 
entry criteria enrolled? 

#5 CS: Was the intervention clearly described? | 
CC: Were definitions, inclusion and exclusion 
criteria, algorithms, or processes used for the 
selection of cases and controls valid, reliable, and 
consistently implemented in all participants? | SR: 
Was the quality of each included study 
independently rated by two or more reviewers 
using a standard method to assess its internal 
validity? | D: Was the sample size large enough to 
provide confidence in the findings? 

#6 CS: Were outcome measures clearly defined, 
valid, reliable, and consistently implemented in all 
study participants? | CC: Were cases and controls 
clearly defined? | SR: Were the included studies 
listed along with the characteristics and results of 
each study? | D: Was the intervention clearly 
described and administered uniformly throughout 
the study population? 



#7 CS: Was the follow-up duration adequate? | CC: 
Were cases and/or controls randomly selected from 
eligible participants? | SR: Was publication bias 
assessed? | D: Were outcome measures pre-
specified, defined, reliable, and consistently 
evaluated among all participants? 

#8 CS: Were statistical methods well-described? | 
CC: Was there the use of concurrent controls? | D: 
Were outcome assessors blinded to participant 
interventions? | SR: Was heterogeneity assessed? 
(Only in meta-analyses). 

#9 CS: Were the results well-described? | CC: Could 
the investigators confirm that the exposure/risk 
occurred before the development of the condition 
or event that defined a case? | D: Was the loss to 
follow-up after baseline 20% or less? 

#10 CC: Were exposure/risk measures clearly 
defined, valid, reliable, and implementable in all 
participants? | D: Did the statistical methods 
examine changes in outcome measures from before 
to after the intervention? | D: Did the statistical 
methods examine changes in outcome measures 
from before to after the intervention? 

#11 CC: Were exposure/risk assessors blinded to 
case or control status? | D: Were outcome measures 
of interest taken multiple times before the 
intervention and multiple times after it? 

#12 CC: Were potential key confounding variables 
statistically measured in the analysis? | D: If the 
intervention was carried out at the group level, did 
the statistical analysis take into account the use of 
individual-level data to determine group effects? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 3. Articles excluded in the final review. 

Author 
(country, 

year) 
Study type Characteristics Reason for exclusion 

Shifman, et al. 
(Israel, 2000) 

[21] 

Cross-
sectional 

7 patients with neurogenic VPI. 
Evaluation through speech examination, 

videonasopharyngoscopy, and videofluoroscopy.  
Treatment with speech aid prostheses. 

Did not include wind 
musicians 

Kahane, et al. 
(USA, 2006) 

[22] 

Cross-
sectional 

4 bassoonists. 4 M. 
Evaluation during musical practice using 

videofluoroscopy and videopharyngoscopy. 
No symptoms of VPI. No relevant medical history. 

The participants did not 
exhibit symptoms or 

diagnostic suspicion of VPI. 

Evans, et al.  
(Australia, 
2010) [23] 

Literature 
review 

Review of the pharyngeal musculature function applied 
to the requirements of wind musicians.  

Emphasizes the importance of proper functioning of this 
for adequate velopharyngeal closure. 

Non-systematic review of 
the functional anatomy of 

the pharyngeal musculature 
in wind musicians. 

William J. 
Dawson  

(USA, 2012) 
[24] 

Literature 
review 

Compilation of physical problems related to musical 
performance in bassoonists based on a literature review 

and the author's personal experience. 

Non-systematic review on 
medical issues of 

bassoonists. Not specific to 
VPI. 

Schumacher, 
et al.  

(Germany, 
2013) [25] 

Cross-
sectional 

12 trumpeters. 12 M. Ages 23-30. 
No clinically relevant medical history. 

Measurement of pharyngeal muscle motor function 
through MRI and its implication in the oral and 

pharyngeal cavity during sound production.  

The participants did not 
exhibit symptoms or 

diagnostic suspicion of VPI 

Bishop, et al.  
(Canada, 
2014) [26] 

Systematic 
review 

(State-of-the-
Art) 

11 studies: 8 report increased pharyngeal arches, velum, 
and/or pharyngeal wall, 3 allude to isolated increase of 

posterior pharyngeal wall. 
Evaluation of velopharyngeal closure defect, volume of 

injected adipose tissue, assessment tools, follow-up 
duration, and treatment consequences with autologous 

adipose tissue injection. 

Did not assess the efficacy of 
autologous adipose tissue 

injection in wind musicians 
with VPI. 

Kummer, et al. 
(USA, 2015) 

[27] 

Literature 
review 

Information about types, causes, diagnostic methods, 
and treatment of non-cleft related velopharyngeal 

dysfunction. 

Did not not assess the 
causes, diagnosis, and 

treatment of VPI in wind 
musicians.  

Morishita, et 
al.  

(Japan, 2019) 
[28] 

Case series 

1 case. M, clarinetist.  
Audible nasal escape during musical practice. 

Nasopharyngoscopy shows air leakage at the adenoid 
level.  

Successfully treated with posterior pharyngeal wall 
lipoinjection. 

Japanese language 

Abbreviations: M (male), MRI (magnetic resonance imaging), VPI (velopharyngeal insufficiency/incompetence). 
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