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Abstract: Playing musical instruments places unusually high demands on specific parts of the human body. Relative to the 
instruments they play, musicians may experience instrument-related symptoms, as recorded in flute players. The objective was to 
provide an overview of the study findings addressing medical problems in flautists to better understand their complaints and pave the 
way for more personalized healthcare. Several electronic databases (PubMed, Embase, Cochrane Library) were systematically 
searched in July 2022. Furthermore, the references of all included articles were reviewed for additionally relevant sources. The 
resulting set of studies was summarized in a table, with quality assessment according to the SIGN grading system. From an initial 433 
hits, the search yielded 95 studies with a total of 32,600 musicians, including at least 2134 flautists. Among the latter, evidence was 
found for musculoskeletal, neurological, dermatological, temporomandibular, and hearing complaints, overuse and reflux symptoms, 
velopharyngeal insufficiency, as well as upper and lower airway impairment. Other specialists may be consulted equally often and 
should be sensitive to the particular medical problems in flautists. Future studies would ideally contain specific outcome analyses on an 
international scale and consider flautists as an individual subgroup within a larger number of total participants. 
Keywords: flautists health, instrument-associated disease, music pathology, occupational medicine, playing-related injuries, musico- 
medical care, performing arts medicine

Introduction
Playing music, whether it be at a recreational or professional level, requires complex sequences of sensorimotor precision, 
especially within the auditory system.1 Pathologies that occur here may lead to considerable discomfort in musicians and in 
severe cases endanger their professional careers. Musicians of all instrumental groups may be afflicted, though there are 
certain pathologies that occur more commonly among certain instrument-players.2

As instrument lessons often begin in early childhood, students as young as 5 years of age may be at risk of developing 
instrument-related complaints.3 Whilst musculoskeletal issues are the most prevalent, pathologies may require treatment from 
a plethora of specialties.4 These may not only affect the ability of the musician to perform, by reducing playing time or causing 
missed performance opportunities, but may also have a significant impact on the personal lives of those affected, resulting in 
both a loss of identity and jeopardizing livelihoods.5,6

The path toward developing physical, pain-related disorders in musicians is multifactorial. Postural misalignment, 
improper technique, intensity and type of practice, discrepancies between instrument size and player body size, stress, lack 
of conditioning, and lifestyle changes may contribute.7,8 The strain a specific instrument exerts on the body is largely related to 
the place of greatest muscular effort, as reflected in the prevalence and localization of the pathologies we observed while 
conducting this review.9–12 In woodwind musicians, such as flautists, this is frequently caused by static strain as well as 
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repetitive finger movements.13,14 The instrument-related complaints in this paper refer to the various medical problems 
associated with flute playing. Within this review, ‘flautists’ will be used to describe transverse flute, piccolo, and recorder 
players.

When practicing and playing the flute, there is constant contact between the instrument and the musician’s skin, albeit 
with variable intensities. Apart from the aggravation of predisposed skin diseases, certain dermatological symptoms may 
develop directly as a result of playing a musical instrument.15 Flautists may further complain of neurological deficits such 
as nerve compression syndromes,16–19 and musicians’ dystonias,20–29 among others. Musicians may be equally predis-
posed to larger- and smaller-scale pathologies. Mild symptoms may be perceived with heightened sensitivity, as a result 
of digital and auditory acuity. Wind instrument players specifically may belong to a class susceptible to orofacial 
changes, due to the intense demands on facial and jaw muscle activity.9,23,30

The hearing ability of musicians is a crucial element of their professional lives and performing capacity.31 The 
volume produced by the player’s own instrument contributes significantly to sound exposure, which places musicians at 
a variable risk of hearing damage, depending on their primary instrument.1 Furthermore, musicians often fail to 
acknowledge pain that occurs during or after playing.11,13,30,32,33 Affected individuals habitually attempt to continue 
performing everyday activities despite injuries or overuse syndromes and feel seeking medical support would be a sign of 
an inability to cope with the associated difficulties of professional musicianship. Overuse syndromes of the upper limbs 
are particularly common in musicians.34 In flautists, overuse injuries and syndromes can occur in various areas of the 
body involved in flute playing, though they may be most prevalent in the musculoskeletal and respiratory systems. Denial 
and trivialization of early symptoms may predispose the affected individuals to chronification.35,36

The flute is a member of the woodwind family. This literature review will focus mainly on the transverse flute. The 
structure of transverse flutes can be seen in Figure 1.

The transverse flute, as the name implies, is held across the body and is positioned dominantly over the right side. Both of 
the musician’s hands are used to operate the holes and to support and position the flute against the mouth. This inherently 
requires an asymmetrical posture with extreme angulation of the wrist and fingers. The center of mass is not in line with the 
central axis of the flute, which the fingers must artificially hold in alignment. At the same time, repetitive movements of the 
fingers are performed at high speeds and with extreme demands on precision and timing.37 When playing the flute, the player 
changes the amount of air blown into the headjoint of the flute by varying the mouth opening and by contracting their 
abdominal and respiratory muscles, resulting in approximately five liters of airflow through the instrument per second.38 

Figure 2 shows the position of the transverse flute and the body posture while playing.
The aim of this narrative literature review is to provide an overview of the health problems associated with flute 

playing as recorded in the current literature in order to better understand common complaints and pave the way for more 
personalized healthcare. It attempts to answer the following questions: what long-term effects may arise from playing the 
flute, and which health problems are prevalent among flautists.

Figure 1 Structure and components of transverse flutes: A, head joint; B, body; C, foot joint; 1, crown; 2, lip plate; 3, embouchure hole; 4, barrel; 5, closed key; 6, ring key. 
Above: Muramatsu GX with full silver head and body, silver-plated closed keys, and Reform Embouchure. Below: Muramatsu DS full silver flute with ring keys and traditional 
mouthpiece.
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Materials and Methods
To identify primary studies, the databases MEDLINE (via PubMed), EMBASE (via Ovid), and Cochrane Library were 
systematically examined (author SW and AL) between July 17th and 20th, 2022. A structured search strategy was 
developed that included free-text terms. Using these search terms, all similar and synonymous terms were automatically 
included. The databases were searched for the occurrence of the following keywords anywhere in the text:

(“flute” OR “flutes” OR “flautist*” OR “flutist*” OR “woodwind*” OR “wood-wind*” OR “wood wind” OR “wood 
winds”) AND (“injur*” OR “pain*” OR “damage*” OR “disorder*” OR “trauma*” OR “problem*” OR “distress” OR 
“overuse*” OR “discomfort” or “condition*” OR “disab*”)

All entries published before July 20th, 2022 were considered. No limits for publication date, language, study type or 
other criteria were applied. All study types, except systematic reviews and dissertations, were included. The studies in 
which the number of participating flautists was not explicitly stated were included if it could be reasonably assumed that 
the flautists participated in the study. For this reason, studies had to include the words “flute” or “flutist” or “flautist” or 
“recorder” or “piccolo” somewhere in the text to be included. The word “woodwind” or “wood-wind” was not sufficient. 
There were no age restrictions. English-, German-, Slovak- and Czech-language articles were included. Articles about 
health problems of flautists that did not occur in conjunction with their flute-playing (ie, accidents during other activities, 
congenital maladies) were not included.

An Excel spreadsheet was prepared with pre-filled fields for author, study design (Level of Evidence), number of 
participants, number of flautists, instrument-related complaints and type of flute played as mentioned by the authors. The 
articles were read through, and the fields in the table were completed to the extent possible. After the initial data 
collections, the articles were read a second time, and the table was checked for completeness and accuracy. To clarify the 
significance of the studies regarding flautists’ complaints, the number of flautists was also reported as a percentage of 
total participants whenever possible. Because only a few studies reported exclusively on flautists, the table indicated to 
which participants the complaints referred. The SIGN grading system’s levels of evidence (LoE) were used to assess the 
quality of the included studies.39 The levels rank studies according to the likelihood of bias.

This study is a review of published articles, not including any personal information such as patient names, social 
security numbers, addresses, or phone numbers. Because there are no ethical issues, this study did not require an 
institutional review board review. The information published in this manuscript is in compliance with the Charité Ethics 
Committee’s regulations.

Results
Altogether 433 studies were compiled through the initial database search:

Figure 2 Position of the transverse flute and typical posture of the upper body, arms, fingers, head and lips while playing. The person in this figure has provided written 
informed consent for the image to be published.
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● MEDLINE (via PubMed): 214 hits (48 potentially relevant, 25 included)
● EMBASE (via Ovid): 166 hits (47 potentially relevant, none included)
● Cochrane Library: 53 hits (2 potentially relevant, none included).

Ninety-seven of these studies were considered to be potentially relevant based on the title or abstract. Full-text articles 
were obtained and evaluated for meeting the inclusion criteria. Duplicates were filtered out. The bibliographies of the 25 
included publications were reviewed for any further studies. Articles obtained in this manner were subjected to the same 
inclusion and exclusion criteria as the ones from the database search. This process was repeated until no additional 
studies could be identified. As a result, 70 further studies could be added to our compendium. A flowchart of the steps in 
our search with the number of publications found and included in this review is shown in Figure 3.

Our findings included 95 papers, with over 32,600 participants, of whom at least 2134 were flautists. The exact 
number could not be determined, as not all of the papers contained this information. Table 1 summarizes the main 
characteristics of the studies and their participants, including the LoE classification. Because of the small number of 
flautists in the study groups, the number of flautists was also reported as the percentage of total participants. The 
specialty-dependent complaints and pathologies are briefly summarized below.

Musculoskeletal Complaints
Complaints of the musculoskeletal system, particularly the upper extremity and hand, have been found to be of 
importance in numerous epidemiological studies. There were six authors who addressed musculoskeletal complaints 
specifically in flautists.7,40–44 Ackermann, Fortune and Kenny were able to demonstrate that in a group of 20 flautists, 
95% of the respondents suffered from issues connected to the musculoskeletal system.40,41 Most of the complaints (63%) 
persisted for more than three months.

Lonsdale et al showed that close to half (49.7%) of the participants experienced flute-playing-related musculoskeletal 
issues affecting their performance, and over a quarter (25.8%) were forced to take an “extended break” from playing (not 
further specified).7

Some studies suggest that playing with an asymmetrical and/or elevated position of the arms may lead to upper body 
musculoskeletal symptoms.7,13,32,43,45

433 studies obtained through 
database search

Medline: 214
Embase: 166
Cochrane Library: 53

97 full text articles checked 
for suitability

Medline: 48
Embase: 47
Cochrane Library: 2

25 included studies from the 
database search

Medline: 25
Embase: 0
Cochrane Library: 0

336 studies excluded on 
basis of title/abstract 

Medline: 166
Embase: 119
Cochrane Library: 51

72 failed to meet inclusion 
criteria/duplicates

Medline: 23
Embase: 47
Cochrane Library: 2

95 studies to be included in the 
review

70 additional relevant studies listed as sources in the 
included publications

Figure 3 Flowchart of the search strategy showing the number of publications found and included in the literature review.
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Table 1 Overview of Included Studies

Author Study Design [LoE]* No. of all 
Participants

No. of Flautists (%) 
[Gender, if Stated]

Type of 
Flute

Flute-Related Problems

If Necessary: General Findings

Musculoskeletal complaints

Burkholder and 

Brandfonbrener3

Retrospective chart  

review [3]

314 33 (10.5%) [1m, 32f] Flute Tendency to left-sided injuries in the forearm and hand

84.4% experienced pain as most common symptom

Fishbein et al4 Cross-sectional study 
(questionnaire) [3]

2212 95 (4.3%) [38m, 57f] Flute, 
piccolo

Not explicitly stated

Musculoskeletal problems, eg 20% left shoulder/ 20% right shoulder; 22% left 

neck/ 21% right neck; 22% left lower back/ 22% right lower back

Stanhope et al5 Cross-sectional study 

(online-survey) [3]

13 6 (46.2%) Flute Not explicitly stated

62% playing-related injuries: 43% right wrist/ hand/ finger region, 31% left wrist/ 

hand/ finger region, 31% right neck, 23% left lower back, 23% right shoulder

Lonsdale et al7 Cross-sectional study 

(online-survey) [3]

408 408 (100%) [74m, 334f] Concert 

flute, alto 

flute, bass 
flute

Discomfort/pain in fingers, hands, arms, neck, middle/upper back, and shoulders (26.7% 
current complaints, 49.7% history of distracting pain, 25.8% forced extended time off 
playing)

Roset-Llobet 
et al11

Cross-sectional study 
(questionnaire) [3]

1639 Not stated Flute, 
recorder

Discomfort areas (flute/ recorder): mouth (<20%/ 26.3%), cervical (73.7%/ 63.2%) 
dorsal (21.1%/ <20%), lumbar (27.6%/ 26.3%), upper right extremity (52.6%/ 42.1%), 
upper left extremity (40.8%/ 26.3%), right trapezium (25%/ 36.8%), left trapezium 
(27.6%/ 42.1%)

Wahlström 

Edling and 
Fjellman- 

Wiklund32

Cross-sectional study 

(questionnaires) [3]

47 Flute: 3 (6.4%), 

recorder: 3 (6.4%)

Flute, 

recorder

Not explicitly stated

Significantly higher number of PRMD (upper extremity and back combined) in 

asymmetrically played instruments, eg flute, compared to symmetric playing 

position, eg recorder

Guptill et al33 Cross-sectional study 

(questionnaire) [3]

106 Not stated (37 

woodwinds)

Flute Not explicitly stated

Playing-related injuries in 83.8% of all woodwinds/ 87.7% of all musicians; primarily 

pain symptoms (82.8%), followed by numbness/tingling and weakness

Gasenzer et al35 Cross-sectional study 

(online-survey) [3]

740 37 (5%) Flute Back pain (21.6%) most reported, followed by pain in shoulders, hands and wrists

Current/recurring pain in 66.2%, chronic pain in 63.5% of all orchestra musicians

(Continued)
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Table 1 (Continued). 

Author Study Design [LoE]* No. of all 
Participants

No. of Flautists (%) 
[Gender, if Stated]

Type of 
Flute

Flute-Related Problems

If Necessary: General Findings

Ackermann 

et al40

Cross-sectional study 

(questionnaire) [3]

20 20 (100%) [3m, 17f] Flute Performance-related musculoskeletal problems in 95% (chronic: 63%); mainly affected: 
upper limbs (65%) and shoulders (65%); main symptoms: pain (80%), tingling (30%), 
numbness (15%), weakness (15%)

Fortune et al41 Cross-sectional study [3] 20 20 (100%) Flute PRMD in 95% of participants (2/3 with > 3 months duration), PRMD in shoulder region 
significantly correlated with EMG-activity of the left upper trapezius muscle

Spence42 Cross-sectional study [3] 364 364 (100%) [46m, 318f] Flute Musculoskeletal problems, esp. in right wrist (38.2%), left wrist (35.2%), right hand 
(31.7%), right shoulder (30.1%), left hand (28.5%), left shoulder/ left neck (28.2%)

Artigues-Cano 
and Bird43

Cross-sectional study 
(questionnaire, examination) 

[3]

20 20 (100%) [4m, 16f] Flute (in 
figure: 

transverse 

flute)

Hypermobile finger joints (Beighton Scale score ≥4/9) in 40%, but no generalized 
hypermobility; common sites of pain: left shoulder, neck, left hand (wrist, index finger), 
right hand (digitus minimus)

Patrone et al44 Case study [3] 1 1 (100%) [1f] Flute Benign hypermobility leading to technical difficulties, improved by adaptive devices to the 
flute, blocking splints for the finger joints, and exercise program

Ramella et al45 Cross-sectional study [3] 148 15 (10.1%) Transverse 

flute

Not explicitly stated

66.2% postural disorder, 73.6% non-optimal posture; playing asymmetric 

instruments and the years of practice time were significantly associated variables

Larsson et al46 Cross-sectional study 

(questionnaire, examination) 

[3]

660 32 (4.8%) Flute Hypermobility of wrist and thumb in 63% (with symptoms 18%, without symptoms 82%)

Dawson47 Retrospective chart review 

[3]

167 13 (7.8%) [1m, 12f] Flute 45% inflammatory conditions, 31% nerve entrapments, 25% strains, 15% hypermobility 
syndromes

Shoup48 Cross-sectional study 

(questionnaire) [3]

425 39 (9.2%) Flute/ 

piccolo

Not explicitly stated

Playing-related musculoskeletal problems in 33.2% of students, main symptoms: 

63.4% pain, 46.6% cramping, 45.6% stiffness, 29.5% weakness

Kok et al49 Cross-sectional study 

(questionnaire) [3]

357 Not stated (96 

woodwinds)

Flute Not explicitly stated

Higher PRMD occurrence associated with female gender, younger age, higher BMI 
and playing a string instrument; woodwind PRMD 1 year prevalence: 63.5%
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Kok et al50 Case control study 

(questionnaire) [2-]

577 (83 musicians, 

494 non-musicians)

Not stated (27 

woodwinds)

Flute/ 

piccolo

Not explicitly stated

89.2% playing-related musculoskeletal complaints, mainly in right hand, wrists, left 

elbow, shoulders, neck, jaw and mouth

Manchester51 Retrospective chart review 

[3]

132 (183 hand 

problems)

10 (7.6%) Flute Not explicitly stated

Most common symptom: 89.1% pain; incidence of performance related hand- 
problems in woodwinds: 3.sadre9 per 100 performance majors per year

Bengtson and 
Schutt52

Retrospective chart review 
[3]

73 7 (9.6%) [7f] Flute Not explicitly stated

Outcomes for upper extremity musculoskeletal complaints in surgically 

correctable problems were better than in conservatively treated problems

Knishkowy and 

Lederman53

Case study [3] 52 2 (3.8%) (3 woodwinds) Flute/ 

piccolo

Not explicitly stated

Woodwinds complained of pain (100%) and numbness/tingling (33%), left (67%) > 

right (33%) side affected

Hochberg et al54 Case study [3] 100 1 (1%) Recorder Not explicitly stated

Playing-related musculoskeletal hand complaints (45% right, 20% left), mostly pain, 
weakness, or lack of finger control

Cayea and 
Manchester55

Retrospective chart review 
[3]

6150 268 (4.4%) Flute instrument-specific musculoskeletal injury rate: 20/268 = 7.5, representing a medium 
number of injuries per 100 performance major student years compared to other 
instruments

Manchester and 

Flieder56

Retrospective chart review 

[3]

114 (122 hand 

problems)

5 (4.4%) Flute Performance-related hand problems

Woodwinds with predominance of females, right-sided symptoms, and lower 
injury rate (2.7 episodes per 100 performances) than in string and keyboard 

players

Wolff et al57 Randomized controlled pilot 

trial (questionnaire) [1-]

57 Not stated (6 

woodwinds)

Flute/ 

piccolo

Not explicitly stated

84% playing-related pain at baseline; injury prevention education with positive 
effect on pain incidence (32% decrease) and pain interference in the intervention 

group at follow-up

(Continued)
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Table 1 (Continued). 

Author Study Design [LoE]* No. of all 
Participants

No. of Flautists (%) 
[Gender, if Stated]

Type of 
Flute

Flute-Related Problems

If Necessary: General Findings

Brandfonbrener58 Retrospective chart  
review [3]

1300 Not stated (356 
woodwinds)

Flute Rough female to male ratios were 2:1 for lower-arm, wrist and hand pain; >3:1 for 
associated joint laxity

Depending on instrument classes, significant joint laxity associated with hand pain 
ranged from 10 to 82% in female and from 13 to 19% in male musicians

Britsch59 Cross-sectional study [3] 97 1 (1%) [1f] Flute Lower grade of pain (happens only when playing)

Steinmetz et al60 Cross-sectional case control 

study [2-]

55 (36 music 

students, 19 non- 
music students)

Music students: 2 flutes 

(5.6%), 1 recorder 
(2.8%)

Flute, 

recorder

Not explicitly stated

81.3% of music students experienced PRMS, esp. pain and discomfort

Sousa et al61 Cross-sectional study [3] 112 6 (5.4%) Flute Pain in the left shoulder (66%), self-reported cervical problems (83%)

Ackermann 

et al62

Cross-sectional study [3] 377 21 (5.6%) Flute Not explicitly stated

84.4% of musicians experienced playing-related pain or injuries, predominant site 

for woodwinds is the right upper limb

Steinmetz et al63 Case study [3] 84 1 flute (1.2%), 3 

recorders (3.6%)

Flute, 

recorder

Not explicitly stated

In 92% of PRMD musicians impairments of postural stabilization systems (85% 
scapular, 71% lumbopelvic), 57% upper crossed syndrome

Nemoto and 
Arino64

Cross-sectional study [3] 235 20 (8.5%) Flute 35% stiff neck (n=7), 15% wrist pain (n=3), 15% jaw joint pain (n=3)

Main hand and upper extremity problems: 49% pain, 19% stiffness, 7% numbness

Nyman et al65 Cross-sectional study [3] 235 10 (4.3%) Flute Flautists (as musicians with elevated arm position ≥ 40°) had a higher prevalence of 
neck-shoulder pain than musicians working in a more neutral arm position

Stanek et al66 Cross-sectional study (online 

survey) [3]

996 Not stated (218 

woodwinds)

Flute/ 

piccolo

93.1% of flute/ piccolo players experienced pain

Woodwinds reported predominantly right-sided pain: 34% right fingers, 26.5% 
right wrist, 26% lower lips, 25.4% upper back

Ranelli et al67 Cross-sectional study [3] 731 61 (8.3%) (main 
instrument)

Flute Prevalences of lifetime PRMS 79%, monthly PRMS 62%, PRMD 33%

Most problems in woodwinds: 30.3% right hand/ elbow, 18.8% neck, 17.8% left 

hand/ elbow, 12.5% mouth
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Paarup et al68 Cross-sectional study 

(questionnaire) [3]

342 Not stated (62 

woodwinds)

Flute Not explicitly stated

Musculoskeletal symptoms in neck, back, shoulders, elbows, hands and wrists; 

women (97%) had a higher risk than men (83%) and woodwind players a lower 

risk than other instrumentalists

Kok et al69 Prospective cohort study 

(questionnaire) [2-]

50 1 (2%) Flute Not explicitly stated

Sudden expansion in playing time increased the prevalence of playing-related 

musculoskeletal complaints from 28% to 80%

Overuse

Fry13 Cross-sectional study 
(interview, examination) [3]

485 Not stated (93 
woodwinds)

Flute Vulnerability to overuse-related pain in the upper limb, cervical, upper thoracic and 
lumbar spines

Fry37 Case study [3] 658 48 (7.3%) [15m, 33f] Transverse 
flute

Highest occurrence of overuse in hand/wrist (73%), scapula (35%), forearm (31%), and 
shoulder (21%)

Fry and Rowley70 Case control study 
(questionnaire) [2-]

517 (169 musicians, 
348 non-musicians)

11 flutes (6.5% of 
musicians), 3 recorders 

(1.8% of musicians)

Flute, 
recorder

82% of flautists reported pain caused by overuse

Newmark and 

Lederman71

Case control study 

(questionnaire) [2-]

79 3 (3.8%) Flute Not explicitly stated

Rapid practice time increase predisposes to overuse injuries

Hartsell and 

Tata72

Cross-sectional study 

(questionnaire) [3]

122 22 (18%) [4m, 18f] Flute No male but 4 female flautists (22.2%) had overuse symptoms (pain and local 
tenderness, esp. in hand, wrist and face)

Neurological complaints

Wainapel and 

Cole (16

Case study [3] 2 2 (100%) [1m, 1f] Flute (in 

figure: 

transverse 
flute)

Left distal ulnar nerve entrapment at the level of Guyon’s canal with dysesthesias, due to 
sustained position of combined dorsiflexion and radial deviation of left wrist

Cynamon17 Case study [3] 1 1 (100%) [1f] Flute Compression of the first common digital nerve

Charness et al18 Case study [3] 2 1 (50%) Flute Left posterior interosseous neuropathy

Lederman19 Case study [3] 17 2 (11.8%) [2f] Flute Thoracic outlet syndrome with pain, aggravated by flute playing, and hyperabduction 
maneuver of the affected arm
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Table 1 (Continued). 

Author Study Design [LoE]* No. of all 
Participants

No. of Flautists (%) 
[Gender, if Stated]

Type of 
Flute

Flute-Related Problems

If Necessary: General Findings

Brandfonbrener20 Case study [3] 58 9 (15.5%) [3m, 6f] Flute Focal dystonia: embouchure dystonia in 3 flautists, dystonia affecting muscles of fingers 
in 6 flautists

Lederman21 Case study [3] 21 1 (4.8%) [1f] Flute Occupational cramp of right hand/wrist, with decreased dexterity, finger incoordination 
and dystonic posturing, pain and numbness

Brandfonbrener 
and Robson22

Case study [3] 111 At least 3 (2.7%) (25 
woodwinds)

Flute Embouchure dystonia

64% left hand symptoms among the woodwinds with hand dystonias

Frucht23 Case review, video survey [3] 109 (video docu- 

mentation 65)

At least 6 (5.5%) Flute Embouchure dystonia: 33.3% jaw type (16.7% instrument-specific), 33.3% lip-pulling 
type, 33.3% tongue type with limited articulation in playing (double/triple tonguing) and 
speaking (dysarthria)

Wilson et al24 Case study [3] 33 2 (6.1%) [1m, 1f] Flute Occupational cramp/ focal dystonia: digits right 4, 5 curl into palm; digits left 2, 3 “fall 

off the keys”

Charness et al25 Retrospective chart review [3] 69 At Least 3 (4.3%) [3f] Flute Focal dystonia and ulnar neuropathy: playing-induced flexion of digits 4, 5 was evident in 
86% of patients with dystonia and ulnar neuropathy, but only in 18% of cases without 
ulnar neuropathy

Altenmüller 
et al26

Retrospective chart review [3] 591 Not stated Flute, 
recorder

Focal dystonia: flautists were mainly affected on the left side due to the combination 
comprising prolonged support of the flute with the left thumb and fine motor control of 
the other four fingers

Frucht et al27 Case study [3] 26 2 (7.7%) Flute Embouchure dystonia: involuntary movements of the jaw with spread to speaking and 
chewing; register- and technique-specific embouchure fatigue

Frucht28 Case study [3] 89 14 (15.7%) [6m, 8f] Flute/ 

piccolo

Different embouchure dystonia phenotypes: 35.7% jaw dystonia, 28.6% lip-pulling, 
28.6% tongue dystonia, 7.1% embouchure tremor

Lederman29 Case study [3] 42 2 (4.8%) [2f] Flute Focal dystonia with decreased control and speed of right fingers; embouchure dystonia 
with lip tremor, pulling to the right

Newmark and 

Hochberg73

Retrospective chart review [3] 450 (59 in case 

study)

3 (5.1%) in case study Flute Focal motor syndromes: painless uncoordinated movement of the upper limbs during 
playing

Wind instruments: hands rising off the instrument during slow scales

Lederman74 Case study [3] 46 3 (6.5%) Flute Essential bilateral hand tremor in 2 flautists; dystonic embouchure tremor in 1 flautist
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Dermatological complaints

Hausen and 

Beinhauer15

Case study [3] 1 1 (100%) [1f] Recorder Contact allergy to a Cocobolo recorder (Dalbergia spp. “Central America”)

Dahl75 Case study [3] 1 1 (100%) [1f] Flute “flautist´s chin”: acneiform lesions at the central midportion of the chin consisting of 
inflammatory pustules, papules, and hyperpigmentation (acne mechanica)

Inoue et al76 Case study [3] 1 1 (100%) [1f] Flute Contact allergy to nickel of the alloy enhanced by pressure, friction and moisture of 
sweat, breath condensation and/or saliva

Freeman and 

Stephens77

Case study [3] 75 1 (1.3%) [1f] Flute Allergic contact cheilitis caused by nickel in the mouthpiece of a silver flute

Reflux symptoms

Cammarota 
et al38

Case-control study 
(questionnaire) [2-]

1083 58 (5.4%) Flute Higher risk of gastro-esophageal reflux symptoms, eg heartburn (PRR 1.69, 95% CI 
1.30–2.20), belching (PRR 1.64, 95% CI 1.29–2.09)

Temporomandibular complaints

Steinmetz et al2 Cross-sectional study 

(questionnaire) [3]

408 22 (5.4%) Flute 39% jaw clenching, 26% TMJ pain (last 3 mo 13%), 22% jaw locking, 22% teeth 
grinding, 13% teeth/jaw pain, 13% face pain (last mo 35%)

Van Selms et al9 Cross-sectional study 

(questionnaire) [3]

1470 Not stated (371 

woodwinds)

Flute Not explicitly stated

Woodwinds with 20.1% TMD pain, 19.1% TMJ sounds, 7.3% jaw lock or catch on 

opening

Jang et al10 Cross-sectional study 

(questionnaire, clinical 

examination/ radiography) [3]

739 (clinical 

examination/ 

radiography 71)

58 (7.8%) Flute (in 

figure: 

transverse 
flute)

Not explicitly stated

61.3% with one or more TMD symptoms, most frequently clicking or popping 
sounds (45.7%); significant predictor variables: female sex, age 20–29 years, 

woodwind players, oral parafunctional habits, and elevated arm position

Glória et al30 Cross-sectional study 

(questionnaire) [3]

40 6 (15.0%) Flute Not explicitly stated

Numbness in upper lip (25%), anterior tooth inclination (15%), but no association 
between orofacial changes, gender, periodontal status, age, tooth changes, type of 

instrument, and facial pain

(Continued)
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Table 1 (Continued). 

Author Study Design [LoE]* No. of all 
Participants

No. of Flautists (%) 
[Gender, if Stated]

Type of 
Flute

Flute-Related Problems

If Necessary: General Findings

Hearing problems

O`Brien et al1 Cross-sectional study 

(dosimetry) [3]

86 At least 2 (2.3%) Flute/ 

piccolo

Leq = 78.1–94.4 dB(A); right ear most vulnerable; flute 2/piccolo’s exposure level beyond 
flute 1

Position, venue and repertoire have significant impact on noise exposure of 

individual orchestra musicians

Rodrigues et al31 Cross-sectional study 

(dosimetry) [3]

Not stated Not stated Flute/ 

piccolo/ 
recorder

Leq = 84.9–96.7 dB(A), largest Δ Leq for flutes due to repertoire

Lower/upper exposure action level [Directive 2003/10/EC] of 80/85 dB(A) was 

exceeded by all/some instrument groups

Jansen et al78 Cross-sectional study 

(questionnaire, audiological 

tests) [3]

241 Not stated (50 

woodwinds)

Flute Not explicitly stated

Risk of hearing damage, tinnitus, hyper- and diplacusis

Laitinen et al79 Cross-sectional study 

(dosimetry) [3]

40 4 (10.0%) Flute/ 

piccolo

Average sound level for performances and orchestra rehearsals 95–98 dB(A), annual 
sound exposure level 95 dB(A)

Most orchestra musicians exposed to noise levels hazardous to hearing

Lee et al80 Cross-sectional study 

(dosimetry) [3]

67 At least 2 (3%) Flute/ 

piccolo

No risk of hearing loss from playing in the examined orchestra (Leq = 87.4–92.1 dB(A),  
Lex = 81.8 dB(A))

No data regarding additional activities, eg rehearsals, teaching, freelancing

Qian et al81 Cross-sectional study 
(dosimetry) [3]

69 3 (4.3%) Flute/ 
piccolo

Leq = 93 dB(A), ie highest mean sound exposure level of whole ballet orchestra in flutes 
(significantly louder than other woodwinds) Leq,8 = 85.6 dB(A), ie risk of hearing loss with 
long-term noise-induced permanent threshold shift

Schmidt et al82 Cross-sectional study 

(binaural dosimetry, sound 

mapping) [3]

54 3 (5.6%) Flute/ 

piccolo

Exposure levels right > left with risk of hearing damage in concert setting (Leq left vs right 
= 92.7 vs 93.1 dB(A)) and individual rehearsal (flute: Leq left vs right = 92.1 vs 99.5 
dB(A), Lpeak left vs right = 109.2 vs 120.6 dB(A); piccolo: Leq left vs right = 97.8 vs 
104.5 dB(A), Lpeak left vs right = 120.5 vs 127.0 dB(A))

Royster et al83 Cross-sectional study (PTA, 
dosimetry) [3]

59 (dosimetry 44) Not stated flute Not explicitly stated

52.5% of orchestra musicians showed notched audiograms consistent with noise- 

induced hearing damage

https://doi.org/10.2147/JM
D

H
.S448301                                                                                                                                                                                                                                

D
o

v
e

P
r
e

s
s
                                                                                                                                         

Journal of M
ultidisciplinary H

ealthcare 2024:17 
660

W
inkler et al                                                                                                                                                         

D
o

v
e

p
r
e

s
s

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Sabesky and 
Korczynski84

Cross-sectional study 
(dosimetry) [3]

67 Not stated Piccolo Musicians adjacent to the piccolo cited this instrument as being excessively loud and 
resulting in tinnitus

Leq = 90 dB(A), peak exposures > 140 dB(A)

Axelsson and 

Lindgren85

Cross-sectional study 

(questionnaire, PTA, 
dosimetry) [3]

139 14 (10.1%) Flute/ 

piccolo

Leq = 91.5 dB(A), greater hearing loss on the (more exposed) right ear; loud flute/piccolo 
sound can cause tinnitus and temporary threshold shift in other orchestra 
instrumentalists

Chesky and 
Henoch86

Cross-sectional study 
(survey) [3]

3293 206 (6.3%) Flute 18.1% of flautists reported having hearing loss problems (20.1% classical vs 7.0% non- 
classical musicians)

Emmerich et al87 Cross-sectional study 
(questionnaire, PTA, OAE, 

dosimetry) [3]

219 (109 orchestral 
musicians, 110 

music students)

Not stated German 
flute/ 

piccolo

For piccolos: peak rehearsal sound exposure levels >109 dB(A) in frequency ranges up to 
6.3 kHz, during performance Leq = 92.1 dB(A), daily noise dose 153%

Ostri et al88 Cross-sectional study 

(questionnaire, PTA) [3]

96 Not stated (26 

woodwinds)

Flute Not explicitly stated

Hearing impairment in 58% of symphonic musicians, attributed to occupational 
noise exposure

McBride et al89 Cross-sectional study 
(dosimetry, PTA, 

questionnaire) [3]

89 (audiometry 63) Not stated Piccolo Peak sound level 111.8 dB(A), Leq = 94.2 dB(A), daily noise dose 124%

Potential for occupational hearing loss in classical orchestral musicians

Kähäri et al90 Cross-sectional study  

(PTA) [3]

140 6 (4.3%) [5m, 1f] Flute Not explicitly stated

No severe hearing loss due to musical noise in professional classical orchestral 
musicians

Toppila et al91 Cross-sectional study 
(dosimetry, PTA, 

questionnaire) [3]

63 Not stated Flute/ 
piccolo

Risk of hearing damage; Leq,orc = 86.7–92.8 dB(A), Leq,own = 97.5 dB(A), Leq,w = 90–92 
dB(A)

Cramp and 

Horstman92

Cross-sectional study 

(dosimetry) [3]

Not stated Not stated Flute Risk of hearing damage; peak sound exposure level for flautists in rehearsal hall 102 
dB(A)

Folprechtova and 

Miksovska93

Cross-sectional study 

(dosimetry) [3]

86 4 (4.7%) Flute/ 

piccolo

Risk of hearing damage; limits of sound levels vary for flutes between 85–111 dB(A), for 
piccolos between 95–112 dB(A)

Jahto and 

Hellmann94

Cross-sectional study  

(PTA) [3]

65 At Least 2 (3.1%) Flute Inner ear hearing loss above age norm in 2 flautists

36.9% of all musicians affected, 13% with c5 dip

Flach and 
Aschoff95

Cross-sectional study  
(PTA) [3]

277 14 (5.1%) Flute Asymmetric inner ear hearing loss in 1 flautist (right sided c5 dip with normal hearing on 
the left side), normacusis in 13 other flautists
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Table 1 (Continued). 

Author Study Design [LoE]* No. of all 
Participants

No. of Flautists (%) 
[Gender, if Stated]

Type of 
Flute

Flute-Related Problems

If Necessary: General Findings

Velopharyngeal insufficiency

Schwab and 

Schultze-Florey96

Case study (intraoral 

pressure) [3]

148 20 (13.5%) 11 flutes 

(7.4%) 9 piccolos (6.1%)

Flute, 

piccolo

No VPI symptoms in flute/piccolo players

16.2% of wind instrumentalists affected; n=24

Malick et al97 Cross-sectional study 

(questionnaires) [3]

156 23 (14.7%) Flute Not explicitly stated

SVPI symptoms in 33.97% of responding wind instrumentalists; no association to 
instrument type

Upper airway function

Costa and 

Alvite98

Cross-sectional study (video- 

fluoroscopy) [3]

22 2 (9.1%) [2m] Flute Asymptomatic lateral laryngopharyngeal diverticula in 100%, should be considered as 
an ”occupational overuse syndrome”

Cappellaro and 

Beber99

Cross-sectional study 

(questionnaires) [3]

37 8 (21.6%) Transverse 

flute

Not explicitly stated

Symptoms of vocal tract discomfort were present in wind instrumentalists in low 

frequency and intensity of occurrence

Trollinger et al100 Case-control study (laryngeal 

electro-myography) [2-]

103 7 (6.8%) Flute Least decrease in left posterior cricoarytenoid muscle recruitment compared to other 
wind instruments

Playing wind instruments may increase the risk of laryngeal nerve damage 

especially involving posterior cricoarytenoid muscles

Lower airway function

Plamenac and 
Nikulin101

Case study  
(sputum cytology) [3]

30 4 (13.3%) Flute Asymptomatic significant changes in respiratory cells in 100% (3 squamous metaplasia, 
1 Irritation forms of columnar cells)

Deniz et al102 Case-control study 
(spirometry) [2-]

78 (34 wind 
players, 44 non- 

musicians)

2 (2.6%) [2m] Flute Not explicitly stated

Pulmonary function was diminished in woodwind players

Notes: *LoE = Level of Evidence: 1–, Meta-analyses, systematic reviews, or randomised controlled trials with a high risk of bias; 2–, Case control or cohort studies with a high risk of confounding or bias and a significant risk that the 
relationship is not causal; 3, Non-analytic studies, eg, case reports, case series. LoE higher than Level 1– or lower than Level 3 (ie Level 4, Expert opinion) did not occur. 
Abbreviations: CI, confidence interval; c5 dip, hearing loss of dip type at 4 kHz; dB(A), A-weighted decibel; Δ, delta; esp., especially; f, female; kHz, kilohertz; Leq, equivalent continuous sound level; Leq,orc, mean weekly exposure during 
group rehearsals and performances; Leq,w, total weekly exposure; Leq,8, Lex, normalized yearly noise exposure level (equivalent to a daily work period of 8h); Lpeak, maximum peak value during individual rehearsal period; LOE, level of 
evidence; m, male; mo, month/s; OAE, otoacoustic emissions; PRMD, playing-related musculoskeletal disorders; PRMS, playing-related musculoskeletal symptoms; PRR, prevalence rate ratio; PTA, pure tone audiometry; SVPI, stress 
velopharyngeal insufficiency; TMD, temporomandibular disorders; TMJ, temporomandibular joints; VPI, velopharyngeal insufficiency.
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Five studies addressed joint hypermobility.43,44,46–48 Larsson et al showed that joint hypermobility can either limit the 
impact of musculoskeletal issues or conversely exacerbate them, depending on whether the hypermobility occurs in joints 
directly involved in intense repetitive movements or in the supporting apparatus.46 Flautists tend to be hypermobile in the 
joints directly involved in playing the instrument, when applying the Beighton scale, though no large differences could be 
detected in the static joints as compared to the general population.43

With regard to musculoskeletal complaints, existing studies suggest a point prevalence of at least 60% among 
flautists.5,11,33,35,49,50 Figure 4 shows postural deformity with shoulder misalignment and symptomatic muscular imbal-
ances in an amateur flautist presenting at our Berlin Center for Musicians Medicine.

Overuse
Overuse syndrome/repetitive strain injury was reported by 5 studies.13,37,70–72 Overuse is a collective term for symptoms 
associated with activities that exceed the biological limits of the affected tissue. Newmark and Lederman established 
a link between the significantly increased playing time and overuse, resulting in newly acquired playing-related 
problems.71 Seventy-two percent of the musicians participating in the study reported overuse, the majority of whom 
had more than doubled their playing time over a four-week period.

Fry and Rowley conducted a case–control study among 7–19-year-old students.70 The proportion of music school students 
that experienced pain was significantly higher than in the non-music school, 71% as compared to 50%. Pain in the music school 
was primarily reported in conjunction with playing, whereas the other mentioned complaints after playing sports and writing. 
While music students reported long hours of practice, intensity appears to be more important than the duration of practice in the 
severity of pain experienced. A total of 11 flautists participated in the study, 82% of which were found to have playing-related 
pain due to overuse syndromes. In another cross-sectional study of 485 orchestral musicians, including 93 woodwind players, 
a painful overuse syndrome appeared in 64% of players.13

Neurological Complaints
Orofacial dystonia is one of the activity-specific dystonias that affects the muscles controlling airflow into the mouthpiece 
of a wind instrument. This review presents 6 case studies that described embouchure dystonia in flautists.20,22,23,27–29

There were also 6 studies about focal dystonia/occupational cramp.20,21,24–26,29 Altenmüller et al came to the 
conclusion that the left upper limb is affected most severely in flautists.26

Lederman conducted a case study of 17 participants, including 2 flautists, on thoracic outlet syndrome that presented 
with symptoms of pain and paresthesia, predominantly present in the forearm, wrist, and fingers, that worsened in certain 
positions and movements performed while playing.19

In their study, Wainapel and Cole presented 2 cases of entrapment of the distal ulnar nerve at the wrist in Guyon’s 
canal in flautists.16 In both cases, the left hand was affected, and the left wrist was held in dorsal flexion and radial 
deviation that resulted in nerval impingement.

Dermatological Complaints
Dermatological problems are addressed by 4 case studies.15,75–77 Inoue et al were able to show that eczema can develop 
as a result of playing a metallic flute due to the contents of its alloys – specifically nickel – in areas where the flute is in 

Figure 4 Postural deformity with shoulder asymmetry, recurrent tightness and pulling in the playing-associated higher left shoulder in a 63-year-old amateur flautist. History 
of 54 years of transverse flute playing and >30,000 cumulative practice hours (max. 2h/day).
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contact with the body and saliva is present.76 Another case of nickel-induced issues was documented by Freeman and 
Stephens and classified as cheilitis.77

A similar case of an acne-like rash in the chin area was presented by Dahl et al, though the type and composition of 
the flute was not specified.75 This condition receded after several weeks of rest from practice.

Hausen and Beinhauer reported of a 69-year-old music teacher who developed an allergy to cocobolo after playing 
a new “decorative” recorder.15

Reflux Symptoms
A cross-sectional study by Cammarota et al tallied gastro-oesophageal symptoms that occurred during a one-year period 
in 1083 orchestral musicians, including 414 woodwind players.38 Reflux symptoms were observed significantly more 
frequently among wind instrumentalists than in the control group consisting of musicians of other specialties. 
Significantly adjusted Prevalent Rate Ratio (PRR) for heartburn (PRR 1.69, 95% CI 1.30–2.20) and belching (PRR 
1.64, 95% CI 1.29–2.09) were found in flautists, in reference to the controls.

Temporomandibular Complaints
Temporomandibular complaints affect the masticatory muscles and temporomandibular joints, or structures associated 
with them. Four cross-sectional publications with these endpoints were included in this review.2,9,10,30 A total of 2657 
participants were involved, including 371 woodwind players and 87 flautists.

Steinmetz et al found orofacial pain to be significantly more frequent in flautists specifically, compared to other types 
of musicians used as a baseline.2

Similar conclusions were also reached by van Selms et al.9 Jang et al,10 and Gloria et al,30 who reported that wind 
players may be prone to orofacial changes, due to the intense demands on facial and jaw muscle activity.

Hearing Complaints
Hearing problems were investigated in 20 cross-sectional studies, including a total of at least 5326 participants, 237 of whom 
were flautists.1,31,78–95 All of the participants were orchestral musicians, save for 2 studies in which professionals were 
distinguished from players in other capacities.85,86 These studies suggested that exposure thresholds are strongly dependent on 
the instrument played and the position in the orchestra. To varying degrees, other studies showed flautists experiencing hearing 
damage.1,31,78–84,87–95 Exposure levels for flautists ranged from 78.1 to 98 dB(A) and from 85.0 to 112 dB(A) for woodwind 
players. The studies posited that flautists were exposed to noise levels in excess of the “upper exposure action level” of 85 dB(A) 
and thus at risk of hearing damage.

In contrast, two studies showed different results with regard to hearing function. Lee et al could not prove an elevated 
risk for hearing damage, calculating Lex values at 81.8 dB(A), which describe the normalized yearly noise exposure level 
(equivalent to a daily work period of 8 hours). These values were below the danger zone, although the noise exposure for 
flautists (87.4–92.1 dB(A)) exceeded the upper exposure limit of 85 dB(A).80 Kähäri et al could not attribute severe 
hearing losses to exposure to musical noise.90 However, percussion and woodwind players displayed slightly worse 
hearing thresholds than did other musicians.

Figure 5 shows inner ear hearing loss on the right side in a flautist presenting at our Berlin Center for Musicians 
Medicine.

Velopharyngeal Insufficiency (VPI)
Schwab and Schultze-Florey studied the connection between intraoral pressures developed while playing and the 
development of velopharyngeal insufficiency and its triggering factors (ie, colds and stress).96 Of the 148 brass and 
woodwind musicians included in the study, 24 showed symptoms of VPI. The pressure that is normally produced when 
playing in comfortable ranges was low for flute and piccolo players (1 to 6 mmHg and 2 to 9 mmHg respectively), 
compared to other groups, which may explain why they were not as heavily affected.

Malick et al conducted a cross-sectional study on brass and woodwind musicians using questionnaires.97 They concluded 
that nearly 34% of the musicians had experienced nasal air leaks and/or nasal sounds, defined by the authors as symptoms of 
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stress velopharyngeal incompetence (SVPI). It is unclear if the 23 responding flautists were affected. Malick et al suggested 
a connection between SVPI and elevated oral pressure while playing, similarly to Schwab and Schultze-Florey in VPI.

Upper Airway Function
Laryngopharyngeal diverticula are the result of constant elevation of pressure while playing and can be classified as an 
“occupational overuse syndrome”. Costa and Alvite examined 22 professional wind instrumentalists by videofluroscope.98 

Figure 5 Sensorineural hearing loss in the right inner ear with chronic tinnitus aurium in a 53-year old professional flautist. History of 42 years of transverse flute-playing and 
> 60,000 cumulative practice hours (average 4h/day). Above: Pure-tone audiometry with right-sided noise induced c5-dip (ie, 4 kHz loss) caused by asymmetric long-term 
postural exposure to higher loudness levels of own instrument. Below: Transitory evoked otoacoustic emissions (TEOAE) with evidence of damage to the outer hair cells.
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They discovered that all of the study participants, including 2 flautists, had asymptomatic lateral laryngopharyngeal diverticula 
in areas less able to withstand high pressures.

In a questionnaire-based cross-sectional study by Capellaro and Beber, symptoms of vocal tract discomfort affecting 
the players’ quality of life were investigated.99 The most common complaints were dryness, ache, and irritability. Nearly 
one-fourth of the participants were flautists, but the overall incidence and individual frequency of discomfort were not 
specified in this group.

Lower Airway Function
Plamenac et al examined the sputum of 30 participants and posited that chronic strain on the respiratory tract can cause 
various changes in bronchial epithelial tissues.101 Of the four flautists that participated, there were 3 cases of squamous 
metaplasia and one case of irritation of ciliated columnar epithelium, despite being asymptomatic.

Deniz et al compared the spirometric measurements of 34 wind instrument players, including 2 flautists, and 44 non- 
musicians.102 Surprisingly, all spirometric values measured in wind players were significantly diminished relatively to the 
control. To explain these findings, the authors hypothesized that a history of bronchial asthma or the presence of 
barotrauma while playing could be a causative agent. Instrument-specific measurements were not included in the results.

Discussion
The aim of this literature review was to provide an overview of existing publications on the medical problems and instrument- 
specific complaints in flautists. No restrictions regarding demographic data were used. Several studies showed that 
musculoskeletal,3–5,7,11,32,33,35,40–69 neurological,16–29,73,74 dermatological,15,75–77 and temporomandibular 
complaints,2,9,10,30 as well as reflux symptoms,38 may occur as a result of playing the flute. The literature also revealed 
evidence of hearing problems due to exceeding the exposure limit of 85 dB(A)1,31,78–95 and overuse as a result of small and 
precise, repetitive movements.13,37,70–72 Other common handicaps included upper and lower airway impairment.98–102 Studies 
examining VPI showed an increased incidence among woodwind players with higher intraoral pressure, though flautists were 
found to have comparatively lower pressures in this cohort.96,97 Due to the lack of specific instrument analysis in the original 
work, the prevalence of VPI in flautists could not be conclusively assessed. There are certainly further areas of expertise that 
could be relevant but have not yet been adequately researched. This review was only able to consider the information 
published in the studies included, using the in-/and exclusion criteria. Despite efforts to use the most sensitive search strategy 
possible, it cannot be guaranteed that all relevant publications on the topic were detected. Most of the articles included in this 
review were found in the bibliographies of other publications, as much of the literature on this topic was so old that a keyword 
search did not reveal it until further investigation. Other (non-medical) databases could be additionally searched to herald 
a wider swath of results.

During our search, the terms for instrument-related symptoms were neither well defined nor consistently used by 
publications. Symptoms were often the result of activities unrelated to playing the flute, which we attempted to exclude 
here. It is evident that there were differences among populations (eg, age, playing level), methods of data collection 
(questionnaires, interviews, retrospective review of patient charts), response rates (questionnaires), and even in the 
willingness to participate. This wide array of players, combined with the limited number of flautists specified in the 
studies, made it difficult to compare populations at times and could be improved upon in study designs by highlighting 
the unique nature of pathologies as they arise specifically in flautists.

Only a few authors provided in-depth documentation about flautists’ playing background and 
experience.17,18,23,24,27,53,54,58,74 The type of flute was explicitly mentioned in only a couple of investigations, 
e.g.,7,15,45,54,84,87,89,99,100 and otherwise had to be deduced from the context of the publication or study population. 
The inclusion of case studies allows for the possibility of individual, albeit rare issues, to be analyzed in addition to 
more commonly occurring pathologies.15–25,27–29,44,75–77,98,100,101 Other investigations involved a significant number 
of musicians but only a small number of flautists. It should also be noted that in some cohorts, musicians played 
multiple instruments, meaning that playing-associated complaints cannot be attributed to the flute alone. Another 
limitation is the grouping of instruments as a woodwind for example, as each category includes several types of 
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instruments, with differences in playing posture and technique, and therefore different kinds of stresses on the 
musculoskeletal apparatus and other body systems.

Similar considerations apply to the study design. Comparative studies depend on observations and comparisons where 
correlations may not equal causation. The majority of investigations collected data using questionnaires. Selection bias is 
possible, as musicians may fear suffering consequences for sharing their physical complaints or comments about their 
experiences at work.103 In addition, one’s own experiences, management and coping with musculoskeletal or other 
symptoms may influence the decision to participate. Flautists who have previously experienced playing-related illness 
may be more willing to participate because they recognize the importance of taking their pathologies seriously. 
Differences in response and participation rates between studies (eg, 8.6% in Gasenzer et al35 vs 100% in the study by 
Fry and Rowley70) have implications for the representativeness and comparability of the results. All of these considera-
tions must be made when interpreting the data in Table 1. Most listed studies were classified as LoE 3 (non-analytic 
studies, eg, case reports, case series) and LoE 2– (case control or cohort studies with a high risk of confounding or bias 
and a significant risk that the relationship is not causal) according to the SIGN grading system.39 Nevertheless, for 
several of the issues discussed, “low” levels of evidence are quite tolerable, eg, for cross-sectional prevalence surveys. 
Case reports, too, have low incidence rates by nature, while still maintaining their specificity.

One of the strengths of our literature review as compared to previous flute-related reviews is our multidisciplinary and 
comprehensive approach toward tallying health problems associated with flute playing. Our extensive table clearly presents 
the prevalent health problems among flautists, as a result of long-term playing. Although this review has helped to recognize 
the complexity of playing-related pathologies, much remains to be desired in terms of solution-based research.

In 2008, the Federal Ministry of Labor and Social Affairs in Germany released a statement listing the professions that 
may result in hearing loss, including professional musicians, stating that high-intensity frequencies produced during 
performances have the potential to cause long-term hearing deficits.104 This “Königstein Recommendation” concerns the 
assessment of occupational noise-induced hearing loss (occupational disease No. 2301) and was updated in 2020.105 

Recognizing work-related illness among musicians, as in any other professional group, is a crucial step toward tracking 
epidemiological trends so as to be able to further preventative measures in the future.106 Delving into the specific 
pathologies that may arise, attempts have been made at outlining treatment options. In hearing loss specifically, some 
form of in- or over-ear protection may be useful, assuming it reduces the intensity of the sound waves, rather than the 
frequency of the tone while playing, to allow normal playing to continue.107–110

Musculoskeletal discomfort may be alleviated by implementing a thumb rest for the right hand that attaches to the 
instrument and reduces strain on the fingers, wrist, and muscles of the forearm by preventing longitudinal rotation of the 
flute.111 Other researchers have examined the efficacy of yogic breathing and flexibility exercises in relieving muscular 
tension and overall relaxation.112 In velopharyngeal insufficiency, an inferior-based pharyngeal flap may show promise, 
as it has in other patients with a cleft palate.113 Temporomandibular disjunction may be prevented by expanding 
diagnostic measures, such as implementing infrared thermograms or measuring the embouchure force.114

There are myriad other complaints individual musicians may experience, not all of which we were able to fully 
explore within the realms of this review. Kenny et al investigated music performance anxiety (MPA) in 20 skilled flute 
players.115 This study identified a robust predictive model of MPA that supports previous theories. Multiple, partially 
independent factors contributed to the experience of MPA during a skilled musical performance, including anxiety 
measures (trait anxiety, situational anxiety, fear of negative evaluation), the level of accomplishment achieved on one’s 
flute, the amount of practice time for the performance, and physiological measures (eg, EMG, heart rate). Recognizing 
not just physical but further mental obstacles while working in such a high-intensity environment are a decisive factor in 
providing comprehensive patient care.

Conclusion
To conclude, flute players can be affected by numerous pathologies as a result of their playing habits and performing 
environment. Regarding their treatment, performing arts medicine covers a wide field of medical maladies that may 
require differing degrees of specialist attention. Based on the research found in the studies reviewed, altering the playing 
and practice routine in flautists can prevent chronification of injuries that may arise from playing this instrument.
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Several questions remain to be answered, one of which being whether or not it is possible to predict if a flautist will 
develop a pathology over time. Given the data compiled here, more cross-sectional and comparative studies in different 
populations would be needed, particularly taking into account nuances in gender, age, playing time and general health, in 
order to make appropriate assessments. Future, larger-scale investigations of pathologies in flautists, specifically, would 
aid researchers in compiling more relevant data, so as to be able to successfully treat a wider range of players.
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