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Summary, Discussion, and Conclusions
The purpose of this dissertation was to explore the interaction between oral and maxillofacial medicine 

and music. Most chapters addressed the playing of a wind instrument while the last chapter addressed 

listening to music. Overall it appears that oral care professionals should have an appreciation of the 

impact of music on their work field. The outcomes of the research presented in this dissertation are 

discussed in the following order: the teeth, the face, and psychological aspects. 

The teeth and orthodontic aspects
Chapter 2 is a systematic review that evaluates the influence of tooth position on wind instrumentalists’ 

performance and embouchure comfort. Four eligible studies were included. According to the findings, 

a Class I relationship without malocclusion seems appropriate for every type of wind instrument. The 

more extreme the malocclusion, the greater the interference with wind instrumentalists’ performance and 

embouchure comfort. Descriptive analysis indicated that tooth irregularities, extreme spacing, and an 

open bite have a negative influence on embouchure comfort and the performance of a wind instrument 

player. A large overjet seems disadvantageous to trumpet player performance, whereas a wide upper and 

lower jaw seem to be beneficial.

 Chapter 3 presented the case of a professional French horn player who visited his dentist after 

experiencing pain. His protruding lower incisor was causing soreness of the lower lip, and upper anterior 

crowding was irritating the center area of the upper lip. These irregularities affected the patient’s ability 

to produce an optimal sound. During treatment, the lower anterior teeth were aligned using fixed 

orthodontic appliances, and the irregularity in the upper front teeth was reduced with a composite 

veneer. The hornist experienced considerable improvements after these two dental corrections.

Tooth irregularities
Tooth irregularities may cause lip pain or trauma and can negatively affect playing. For brass instrument 

players, the contour of the vestibular surfaces of both upper and lower anterior teeth must be even, as 

the lips are pressed against the teeth by the mouthpiece during playing. For single-reed instruments, the 

incisal edges of the lower anterior teeth must be regular, as the lower lip folds over the lower incisors, 

supporting the reed (Berkhout, 2016). To deal with irregularities, many single-reed players fold a rolling 

paper for cigarettes over the teeth (Nii et al., 2021). Another possibility is wearing a lip shield, which 

covers the sharp edges (Porter, 1967a; Krivin & Conforth, 1975). The latter is a thermoplastic, vacuum-

formed clear retainer from canine to canine. The thinner the lip shield, the better the playing sensation 

and sound quality (Nii et al., 2021). 

Spacing
Spacing can cause the escape of “false air” or a part of the lip can be pressed in the open space between 

the teeth and vibrate annoyingly (Berkhout, 2016). 

 Chapter 5 presented the case (#6) of a trumpet player with oligodontia and a skeletal Class 

III who underwent a surgically assisted rapid maxillary expansion (SARME) and, later, a maxillary 

advancement via a Le Fort I osteotomy in combination with a mandibular set-back via a Bilateral Sagittal 
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Split Osteotomy (BSSO). After the SARME, she was unable to play the trumpet because of the central 

diastema and because all the primary teeth in the upper jaw had been removed during the surgery. After 

the central diastema was closed and a partial denture was placed, she was able to resume playing her 

instrument.

 The hornist in Chapter 3 did not have spacing but experienced weakness on the left side of his 

embouchure. He noticed that some “false air” could escape due to a “dent” (cross-bite) in the left part of 

the upper arch, leading to insufficient support for the surrounding muscles. The hornist hypothesized that 

if the peri-oral muscles were better supported by the dental arch, the muscles would be easier to use, 

thus increasing the convenience of playing and reducing the “false air” leak.

Overjet 

Chapter 4 is a systematic review that evaluated the influence of playing a wind instrument on tooth 

position and/or facial morphology. Ten eligible studies were included. Descriptive analysis indicated that 

adults playing a single-reed instrument may have a larger overjet than controls do. Meta-analysis revealed 

that after a follow-up of six months to three years, children playing brass instruments had a significant 

reduction in overjet compared to controls. 

 Chapter 2 showed that a large overjet may impede the embouchure of brass musicians and may 

have a negative influence on a trumpet player’s performance. Chapter 5 specified that a retrognathic 

mandible gives rise to difficulties with three major aspects of trumpet playing: high notes, endurance, and 

tone. 

Arch dimensions
Chapter 4, furthermore, showed that, based on longitudinal data, playing a brass instrument might be 

associated with an increase in maxillary and mandibular intermolar width among children. The same was 

found for single-reed instrument playing, but only for maxillary arch width. However, this is inconsistent 

with cross-sectional data that shows that wind instrument players may have smaller maxillary arches and 

a higher prevalence of crossbites than controls do. A recent cross-sectional study found that single-reed 

instrument players had wider maxillary arches than brass instrument players do, but this difference was 

not significant (Adeyemi & Otuyemi, 2021).

 According to Chapter 2, a wide upper and lower jaw is more beneficial to trumpet player 

performance than a small jaw form. The hornist in Chapter 3, together with a trombonist from his 

orchestra, noted during a conversation that they both had small upper dental arches and that colleagues 

with wider dental arches seem to play with more ease.

 The width and depth of the maxillary arch can also influence the voice. The smaller and shallower 

the maxillary arch, the higher the voice. The wider and deeper the maxillary arch, the lower the voice 

(Macari et al., 2017; Hamdan et al., 2018; Marunick & Menaldi, 2000). In this respect Hamdan et al. (2021) 

write the following: 

“The voice may be compared to a brass instrument such as a trumpet. Power is generated by 

the chest, abdominal, and back musculature and a high-pressure airstream is produced. The 

trumpeter’s lips open and close against the mouthpiece producing a ‘buzz’ similar to the sound 

produced by vocal folds when they come together and move apart (oscillate) during phonation. 

This sound then passes through the trumpet, which has acoustic resonance characteristics that 
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shape the sound we associate with trumpet music. If a trumpet mouthpiece is placed on a French 

horn, the sound we hear will sound like a French horn, not a trumpet. Quality characteristics are 

dependent upon the resonator more than on the oscillatory source. The non-mouthpiece portions of 

a brass instrument are analogous to the supraglottic vocal tract” (Hamdan et al., 2021).

The above is presented as rather firm statements, however there is an exception to every rule. It is 

possible to reach a remarkably high professional level without an ideal dental situation, as demonstrated 

by the solo trumpetist of one of the leading orchestras in the world. He has a constricted maxillary arch, a 

large overjet, and an open bite (Figure 1). 

Figure 1: Unpublished case (pictures presented with permission of patient)

a. Dental occlusion: Angle Class II division 1, disto-occlusion of 1.5 premolar width, open bite and large 

    overjet.

b. Constricted maxillary arch

Orthodontic appliances
Fixed orthodontic appliances may interfere with the embouchure and cause discomfort. Raney (2006) 

surveyed 78 wind-instrument players. High brass and flute players took longer to become used to 

the braces than reed instrument players and low brass players did. This finding is expected as the 

mouthpieces of high brass instruments and the flute press against the brackets (Raney, 2006). While flute 

and single-reed players reported that they apply wax to smooth the brackets, double-reed, and brass 

players did not. The brass players recommended not to press the mouthpiece too hard against the lips 

(Raney, 2006). This supports what is reported in Chapters 5 and 7. The flute player (Case #4, Chapter 5) 

reported that the brackets are quite annoying. Of the single-reed players (Case #3 and #7 in Chapter 5; 

Case #1 to #3 in Chapter 7), three did not experience problems from the brackets, while two had pain in 

the lower lip. Of the small brass players (Case #5 and #6, Chapter 5), one experienced the brackets as 

very annoying and wax provided no solution. The other experienced the brackets as a good opportunity 

to learn to exert less pressure with the mouthpiece and improve lip tension. Of the large brass players 

(Case #7 to #10, Chapter 7), one did not experience problems. The other three experienced the brackets 

as annoying and painful during playing, or they suffered from bleeding lips. One used wax as a comfort 

aid.  

 There is a dilemma between the desirability of orthodontic treatment and its possible interference 

with the playing during a musician’s formative years, particularly if they want to establish a career 

playing the musical instrument. Some musicians may decide against treatment, while others may accept 

a temporary deterioration in play in exchange for the long-term benefits of orthodontic alignment 

(Robinson, 1993). As a child, the case in Chapter 3 was discouraged by his mother from having his 
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teeth orthodontically aligned. He, in turn, encouraged his own son, who also plays the horn, to have 

braces fitted, because young musicians learn quickly: “The faster they find a constant and comfortable 

embouchure, the better, because it is more difficult to correct embouchure muscle reflexes later in life.” 

The case in Chapter 3 underwent short-term orthodontic tooth alignment during his professional career, 

as the crowding of his lower anterior teeth hurt the lower lip. The case Romain Leleu in Chapter 5 was 

also discouraged by his parents from having braces fitted as a child. Fortunately, his crowded anterior 

teeth are not hindering him during trumpet playing.

 The young trumpet player (Case #11) in Chapter 7 was about to receive orthodontic treatment 

with aligners. His father, a semi-professional saxophone player, was also successfully treated with aligners. 

He had to become accustomed to the thickness of the aligners during saxophone playing. The feeling of 

something between his upper teeth and the mouthpiece, and between his lower teeth and the lower lip, 

made it feel like he was operating the valves on the saxophone while wearing gloves. It took half a year 

to become used to it. With the aligners in place, the attachments did not feel sharp. The retention phase 

was a challenge. At first, he received a clear retainer for night-time wear. This proved to be insufficient 

as his teeth relapsed soon due to the pressure exerted during saxophone playing. After retreatment, he 

received fixed retainers and a clear retainer, which is sufficient. When playing the saxophone, his teeth 

still slightly displace. After playing he immediately wears his clear retainer, which fits tightly. 

The teeth and non-orthodontic aspects
This dissertation mainly focuses on tooth position, whereas there are also other oral aspects that are 

important to consider as an oral care professional treating wind instrument players. 

Root resorption and periodontitis
Cases of severe external cervical or apical root resorption of central incisors as a result of wind-

instrument playing (recorder, oboe, trumpet, saxophone) have been described in the literature 

(Seres et al., 2017; Gunst et al., 2011; Welbury & Shafi, 2015). Other causes, such as previous trauma 

or orthodontic treatment, were unlikely in these cases. Cremmel and Frank (1971) made intra-oral 

radiographs of 45 wind-instrument players. They observed elongated denticles, calcifications, and root 

canal shrinkage in the anterior teeth subjected to the pressure of the wind instrument. Brass instrument 

players and single-reed instrument players showed pulp calcifications in the upper and lower incisors. 

The localization of these pulpal changes was related to the diameter of the embouchure, which is small 

for the horn and trumpet, middle-sized for the trombone, and large for the tuba. The interposition of the 

lower lip in single-reed instrument players did not prevent the development of these calcifications. The 

flutist only showed elongated denticles in the lower incisors (Cremmel & Frank, 1971). 

 Root resorption and pulpal changes are thought to be the result of forces applied to the teeth 

when playing, resulting in compression of the periodontal ligament space (Howard & Lovrovich, 1989). 

However, playing wind instruments does not seem to be associated with increased risk of periodontitis. 

Bergström and Eliasson (1988) examined 250 musicians, of whom 102 were wind instrumentalists and 

148 were non-wind instrumentalists. They found no difference in pocket depth, tooth mobility, and loss 

of teeth between the two groups, or between woodwind and brass instrument players. Stamatakis et 

al. (1999) conducted a large-scale cross-sectional and longitudinal radiographic examination of bone 

height among professional musicians. Cross-sectionally, the mean bone height was 83.4% for wind 
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instrumentalists and 83.6% for non-wind instrumentalists. Longitudinally, the loss of bone height over a 

10-year period was small and did not differ between the type of instrument played (wind or non-wind). 

Lovius and Huggins (1973) examined 20 professional wind instrumentalists. Of them, 13 had good oral 

hygiene, six had a moderate level of oral hygiene, and only one had poor oral hygiene. Fourteen players 

had healthy gingival tissues, three showed mild marginal gingivitis, and the remaining three had severe 

marginal gingivitis or mild periodontitis. Six players had a full dentition. The remaining players missed on 

average two teeth (some of which may have been congenitally missing). De Roos (1980) examined 45 

wind instrumentalists. Those with tooth mobility and tooth loss showed more embouchure problems.

 It is important to be conservative when performing periodontal surgery on front teeth, because 

opening the interproximal space may cause “false air” and a change in embouchure (Berkhout, 2016).

Tongue tie
Tongue tie is a congenital anomaly in which the lingual frenulum is too short or attached too near to the 

tip of the tongue, which can restrict the movement of the tongue. This can impede speech as well as 

articulation in wind instrument playing (Bansal, 2010). For reed instrument players it may be impossible to 

articulate the tip of the tongue against the tip of the reed. Brass players commonly lower their lower jaw 

when playing low notes. It may be difficult for brass players with tongue-tie to raise their tongue enough 

to articulate the tip of the tongue against the intersection of the upper front teeth and the palate. A brass 

player may compensate for this by either raising the jaw during articulation or articulating in another 

location in the mouth, for example against the back of the lower front teeth. One type of articulation that 

is nearly impossible for wind instrument players with tongue-tie is flutter tonguing, whereby the tongue 

should vibrate as when pronouncing the “rolling R”. Wind instrument players with a severely limited 

tongue mobility may decide to have a surgical correction. However, wind instrument players should be 

aware that, although their tongue will gain more freedom and function, they may have to relearn the 

fundamentals of articulation on their instrument, which can be challenging and frustrating (Dovel, 2010).

Parotid gland swelling
In rare cases, the intra-oral pressure during wind instrument playing can cause insufflation of air into 

the parotid gland through the Stensen duct, which is known as pneumoparotitis and is characterized by 

swelling, pain, and crepitation on palpation. Rupture of the acinar epithelium and breakthrough of air 

through the gland capsule may cause facial, cervical, or mediastinal emphysema (Kyung et al., 2010; Biçer 

et al., 2014). With analgesic and antibiotic therapy, patients usually recover within two weeks (Kyung et al., 

2010). 

Lip shields
Apart from tooth irregularities, lip shields can be worn to distribute the load over neighboring teeth 

(Porter, 1967b), for example, in the case of root resorption or dental trauma (Welbury & Shafi, 2015; 

Clemente et al. 2018). Moreover, a missing tooth may be replaced within the shield (Porter, 1967b). 

Clemente et al. (2020) published the case of a 13-year-old trumpet player who lost his two maxillary 

central incisors due to trauma. Three types of removable appliances were manufactured: a clear retainer 

from tooth 13 to 23 with replacement of tooth 11 and tooth 21, a Hawley appliance with replacement 

of tooth 11 and tooth 21, and a clear retainer from tooth 13 to tooth 23 with a titanium arch wire in 
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the palatal surface to wear in addition to the Hawley appliance. The patient preferred to wear the first 

appliance during trumpet playing because of the comfort and retention, and because it occupied less 

space inside his mouth than the Hawley appliance. Schönekerl (1990) confirms that the use of a palatal 

plate causes significant sound changes.

Dentures
Hattori et al. (2015) describe the case of a 50-year-old professional clarinet player who lost tooth 11 and 

tooth 12 due to periodontitis. A removable partial denture was made because the patient requested a 

reversible treatment as he was anxious that it would interfere with his playing. After using the prosthesis 

for one week, the patient requested some modifications: the palatal plate was reduced to increase the 

intraoral space and improve tongue mobility, and the artificial tooth 11 and tooth 12 were adjusted so that 

he could feel them better with his tongue and adapt them to the mouthpiece. The patient was satisfied, 

and the improvement was confirmed by acoustic analysis (Hattori et al., 2015).

  A full denture for a wind instrument player should be able to resist the dislodging forces imposed 

by the mouthpiece and embouchure (Porter, 1968a). Porter described the construction of a so-called 

“embouchure denture” (Figure 2). In the region of the posterior teeth, a system of inclined planes between 

the upper and lower dentures allows for differences in vertical and horizontal relationships between the 

two, while permitting contact between them during playing, which will prevent either one from becoming 

dislodged (Porter 1968b). Fortunately, the solution is now less complicated because of the implant-

supported dentures.

Figure 2: The embouchure denture .Tilting of upper 

and lower is resisted by inclined planes. (Porter, 

1968b; Reprinted with permission from the British 

Dental Journal).

Prosthetics and dental implants
For adult wind instrument players, the best solution for missing front teeth might be a fixed solution, such 

as a fixed partial prosthesis or implant (Gunst et al., 2011; Seres et al., 2017; Berkhout, 2013; Hazenberg, 

2021). It is recommended to first make a test set-up with temporary crowns for the patient to test during 

wind-instrument playing. When, after some adjustments, the result is satisfactory, the temporary crowns 

can be copied and converted into final ceramic crowns (Berkhout, 2016). 

 Studies evaluating the long-term success and survival of implants replacing front teeth that 

are loaded by wind instrument playing appear to be lacking in the dental literature. One case study 

reports no signs of peri-implantitis after a four-year follow-up, and the patient remained satisfied (Seres 

et al., 2017). Personal communication with the dentist in charge of the wind instrument players of 

the Concertgebouw Orchestra determined that he placed implants in the incisor region of 25 to 30 

professional wind instrumentalists. All implants, except one, still function very well, even after 10 to 15 
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years. In a clarinet player an implant replacing the 21 failed after approximately 2 years (Berkhout, 2021).

 It is recommended for all professional wind musicians to have impressions taken and dental casts 

made as a permanent record of their dentition in case of accidental injury to the front teeth so that a 

dentist can accurately restore the original tooth contours (Howard, 1989). 

Third molars
Third molars usually erupt between the ages of 18 and 26. These molars are the last to erupt, and 

therefore the space for them can be limited (KIMO, 2020). Consequently, extraction of third molars is 

a frequent procedure. It is advised to have them extracted before the age of 25 (Osborn et al., 1985), 

because the healing and recovery is quicker in younger patients. Moreover, the risk of complications and 

neurosensory disturbances increases with age. Third molars are often deeply impacted, which makes the 

extraction more difficult and gives a higher risk of inferior alveolar nerve injury (Kim, 2021). In such cases a 

coronectomy could be a good alternative (Abu-Mostafa et al., 2021). It is advisable for musicians to have 

third molars extracted at an early age, because when the musical career progresses, there is more at stake 

when a complication arises (Mortenson & Kolar, 1988). The guideline of the Dutch “oral care research 

institute” (KIMO) also indicates: “It is the duty of an oral care professional to explain the benefits and 

negative effects of preventive removal of third molars at a young age, when the patient still has a low risk 

profile for complications” (KIMO, 2020).

 The brother of case #2 in Chapter 5 is a professional horn player. At the age of 33 he experienced 

fluctuating embouchure fatigue and therefore less precision when playing. He was diagnosed with an 

inflamed lower left third molar, which was in close proximity to the inferior alveolar nerve. Because this 

possibly caused his symptoms, his third molar was extracted. Unfortunately, this resulted in neurosensory 

disturbances and made him retire his professional career as a principal/solo hornist. He became a 

teacher, conductor and professor at the university.

The face
Chapter 5 is a multiple case study that aimed to qualitatively explore and reveal key aspects of 

considerations for, and outcomes of orthognathic surgery by interviewing a group of advanced and 

professional wind instrumentalists. The seven cases interviewed demonstrated that an ideal jaw 

relationship is not a prerequisite for achieving a professional music career. After surgery, complete 

embouchure loss can be experienced due to changes in the position of incisors, lip relationship, 

and tongue position relative to the shape of the oral cavity and as a result of neurosensory changes. 

Neurosensory recovery and “wind instrument rehabilitation” take at least six months. This was achieved 

in three out of five cases. The following temporary or permanent difficulties during playing after surgery 

were reported: onset of notes, high notes, leaps and intervals, and stable and well-tuned sound. In view of 

the risks involved, orthognathic surgery in wind instrumentalists should only be considered when there is 

a (oral) health indication.

 The first case described in Chapter 5 was a 16-year-old talented trumpet player with a retrognathic 

mandible, who faced the dilemma of whether to undergo a combined orthodontic and surgical treatment. 

Chapter 5 ends with the climax that, after careful consideration, he started the treatment. In the 

meantime, the BSSO has been performed. After one week the pain and most swelling were gone. After 

five weeks he slowly started playing the trumpet again. At first, he practiced one or two times a week 
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and then increased the frequency. He mainly did exercises to rebuild his embouchure. He had to adapt 

to the contact that his the lower lip made with the mouthpiece and he had little endurance. He was well-

guided by his teachers and now (three months after surgery) plays full-time at the conservatory again. He 

notices that his technique has improved, because he can now make better use of airspeed and needs to 

correct less with lip tension. He still has reduced sensibility on the right side of his lower lip and chin, but 

the sensibility on the left side has returned completely. He would certainly recommend the treatment 

to other wind instrument players, but only when the procedure is medically necessary or if the jaw 

relationship causes difficulty in playing. “Wind instrument players should know that the treatment process 

is long and they need to have the perseverance to learn to blow again and to deal with the changing 

situation: First getting used to the braces, which are also adjusted every checkup, then getting used to a 

new jaw and lip position after surgery, and finally getting used to having the braces removed.” 

[patient citation]

 One of the cases described in Chapter 5 (#7) was a semi-professional saxophone player who had 

undergone a maxillomandibular advancement osteotomy and genioplasty because of severe obstructive 

sleep apnea (OSA). He suffered from this despite practicing his instrument frequently. This is in 

accordance with Chapter 6 in which saxophone playing appeared to not decrease the risk of OSA.

 Chapter 6 is a systematic review that evaluates the effect of playing a wind instrument or singing 

on sleep, snoring, and/or obstructive sleep apnea. Six eligible studies were included. Descriptive analysis 

indicated that players of a double-reed instrument have a lower risk of obstructive sleep apnea and that 

singers snore less compared with control participants. Playing a didgeridoo showed a positive effect on 

apnea-hypopnea index, daytime sleepiness, and partner’s rating for sleep disturbance. The descriptive 

analysis could not be substantiated in the meta-analysis. 

Intra-oral pressure
In Chapter 6, players of double-reed instruments were found to have a lower risk of OSA compared with 

controls, although no such association was found for other groups of wind instruments. An explanation for 

this selective difference may be the difference in intraoral pressure required to make a sound. Brass and 

double-reed instruments (in particular, the trumpet and oboe), together with singing, are associated with 

the highest maximum pressures (see Figure 3 in Chapter 6). However, no association was found between 

brass instrument playing and a lower risk of OSA. This could be explained by the fact that oboe players 

need to generate higher minimum pressure to start a note than brass players (see Figure 3 in Chapter 6). 

It is also possible that there is an association, but the included studies failed to demonstrate it. In the 

Dutch television news broadcast (RTL 2020), a case has been shown and discussed of a man who played 

the trumpet fanatically for years but stopped quite abruptly a few years ago. The trumpeter stated: “After 

that, I suffered from sleep apnea.” When a researcher told him that the problem is often in the posterior 

tongue muscle and the palate, he realized that the same muscles are used during trumpet playing. Hoping 

to recover from his sleep apnea, he started playing the trumpet again. After six months of practice, the 

severity of his sleep apnea had decreased from moderate to minimal (apnea-hypopnea index (AHI) 

dropped from 30 to 2.6) (RTL news, 2020).

 Wind instruments that require a high intra-oral pressure (oboe, trumpet) might have a beneficial 

effect on OSA. However, these wind instruments are probably the least suitable for cleft patients, who 

may suffer from VeloPharyngeal Insufficiency (VPI). Playing the flute and recorder require the lowest intra 
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oral pressures (see Figure 3 in Chapter 6) and might, therefore, be the most suitable. 

 Chapter 7 is a multiple case study that aimed to qualitatively explore and reveal key aspects of 

wind instrument playing with a repaired cleft, by interviewing a group of cleft patients and two cases with 

functionally comparable problems. Twelve cases were interviewed. Results showed that it is possible 

for cleft patients to reach a professional level on a wind instrument. The oboe and trumpet may be less 

suitable for patients with a cleft lip and/or palate, because of the high lip muscle tension and air pressure 

that must be generated. A brass instrument with a larger mouthpiece is easier for cleft patients than a 

small mouthpiece. Furthermore, air leakage through a fistula, unrepaired alveolus, eustachian tube, or 

velopharyngeal insufficiency can be an annoying and limiting issue. While music teachers should discuss 

the probability that certain aspects of wind instrument playing might be more difficult for cleft patients, 

they should not discourage it.

 Klotz et al. (2001) describe the case of a 19-year-old conservatory student playing the French horn. 

She had a history of cleft palate repair but no hypernasality during speech. While she had no previous 

performance problems, she noticed progressive nasal air escape over the course of 18 months. She 

noted that the problem improved with a short period of singing before horn playing. The singing may have 

strengthened the palatal muscles in the same way that it might help against snoring (Chapter 6). However, 

the air escape continued to be a problem during lengthy performances or high-intensity pieces (Klotz et 

al., 2001).

 Chapter 7 described how VPI can also occur in wind instrument players without cleft lip and/or 

palate. The phenomenon is termed “stress VPI” and is due to physical stresses imposed upon the soft 

palate by high intraoral pressures associated with playing a wind instrument. It has been observed that 

VPI usually occurs in advanced students pursuing a professional career, which may entail an increase 

in physically demanding practice or a high-intensity performance regimen sustained over a prolonged 

period (Evans et al., 2011).

Satchmo’s syndrome, focal dystonia and temporomandibular disorders
Chapter 7 also describes a form of injury that can occur when wind instrument players alter their 

embouchure to adapt to new mouthpieces or to playing at the limits of register or intensity: rupture of 

the orbicularis oris muscle, the so-called “Satchmo’s syndrome”. Symptoms include weakness, pain, tonal 

deterioration, an inability to play high notes, and air leakage (Papsin et al., 1996). A differential diagnosis 

for this would be focal dystonia, which can be distinguished from Satchmo’s syndrome based on two 

characteristics: 1) Satchmo’s syndrome is painful, while focal dystonia usually is not, and 2) Satchmo’s 

syndrome occurs abruptly while dystonia is chronically progressive (Angerstein, 2020).

 Focal dystonia in musicians, also known as musician’s cramp, is a task-specific movement disorder 

that manifests as muscular incoordination or loss of voluntary motor control of extensively trained 

movements while a musician is playing the instrument. Pianist’s cramp and violinist’s cramp may affect 

the control of finger, hand, and arm movements, whereas embouchure dystonia may affect coordination 

of orofacial muscles in wind instrument players. Approximately 1% of all professional musicians develop 

focal dystonia. Musicians with anxiety and perfectionist tendencies might be more prone to develop 

focal dystonia (Attenmuller, 2010). Patients also report an increase in practice time or an escalation of 

difficulties of their repertoire prior to the onset of focal dystonic symptoms (Frucht et al., 2001).

 Frucht et al. (2001) studied 26 wind instrument players with focal embouchure dystonia (FED). 
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Of them, 42% played the French horn, 19% the trumpet, 19% the tuba, 8% the trombone, 8% the flute, 

and 4% the clarinet. There were no double-reed instrument players among the participants. Based on 

this study, there appears to be a higher incidence of FED among brass instrument players. However, it 

can also reflect referral bias. The questionnaires and videotaped examinations demonstrated that the 

symptoms were often register-specific, in other words, within one octave’s pitch, and that there was no 

predisposition for low, middle, or high ranges. Furthermore, often, only certain styles of playing were 

affected, such as producing sustained notes or starting rapid attacks. Several phenotypes of FED were 

observed, such as involuntary jaw closure, jaw tremor or anterior displacement of the jaw, and involuntary 

tremor of the lips. Two other patterns of involuntary movements of the lips were seen: lateral pulling of 

one or both lips and involuntary lip closure. All five patients who showed lateral pulling of the lips played 

high-register brass instruments. All patients with lip closure played low-register brass instruments (Frucht 

et al., 2001).

 For the treatment of FED, many suggestions have been made that can be used individually or in 

combination (Angerstein & Brusis, 2020):

1. Larger mouthpieces to reduce the pressure on the lips and teeth in brass players. 

2. Supervision by brass instructors (change of approach: low-pressure approach, practicing new 

movement patterns with “retraining” procedures). In the study of Frucht et al. (2011), this approach 

was mildly effective for patients with lateral lip movements but it was ineffective for patients with lip 

tremor.

3. Break from play (interrupting work for 2-4 weeks) to promote the regeneration of damaged lip 

structures. 

4. Speech therapy (oral motor skills and breathing exercises with / without instruments). 

5. Medications such as anticholinergics (e.g., trihexiphenidyl)

6. Injection of botulinum toxin. In the study of Frucht et al. (2011), seven patients had undergone 

injections with botulinum toxin. Only in one case injections into the masseters, medial pterygoids, 

and temporalis significantly alleviated jaw closure. Attempts to inject the orbicularis oris, mentalis, 

zygomaticus, or depressor anguli oris produced unacceptable weakness or minimal functional 

benefit.

7. Sensory tricks. In the study of Frucht et al. (2001), two patients with involuntary jaw closure 

improved their symptoms by placing a straw or piece of plastic between their teeth. 

8. Cooling the affected area with an ice massage (Kim et al., 2007).

9. Use of a dental splint (Satoh et al., 2011; Mitchell et al., 2021)

However, in many cases, treatment is not helpful and the disorder terminates the careers of affected 

musicians (Attenmuller, 2010; Frucht et al., 2001).

 A case which was not presented in the previous chapters is that of a former bass trombonist of 

the Jazz Orchestra of the Concertgebouw in Amsterdam. He has found a good treatment for his focal 

dystonia, although it was preceded by a long process. It all started with panic attacks in the car or in 

situations where he could not leave, also during stage performances. During that period, he practiced  

intensively to join a big band from New York at the ‘The Hague Jazz Festival”, forcing his embouchure 

too much. After that, playing low notes became difficult. He had less control, firmness, and feeling on 

the right side of his face. When he started experiencing tingling in his face he visited an ENT doctor who 

mis-diagnosed Bell’s palsy and treated him with medication. When that did not work, he visited many 
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different doctors, had several pharmaceutical treatments, botox injection, corticosteroid nasal spray, 

myringotomy and surgery for nasal septum deviation. Unfortunately, nothing offered a definitive solution. 

The neurological symptoms and stress not only occurred while playing but also when listening, watching 

or thinking about playing. During playing automatism and controlled movement blocked each other and 

a cramp in the embouchure occurred. Finally, a neurologist diagnosed him with focal dystonia. After 

investigating focal dystonia online he contacted Jan Kagarice from the USA, who offers a “retraining” 

treatment and was a trombonist herself. During this retraining he was given several exercises such as 

blowing air into a straw (with a distance between mouth and straw) without tensing the facial muscles, 

followed by blowing air into the straw through the mouthpiece and finally blowing air into the instrument. 

In doing so, he also learned to change the task. Instead of an internal focus (e.g. tongue/lip/breath), he 

learned to think of an external focus (e.g. sound or metronome beat). In his teaching practice he tries to 

implement what he has learned during retraining. For example by using metaphors, such as having the 

students imaginatively spin a propeller in the mouthpiece.

 TemporoMandibular Disorders (TMD) are far more common than Satchmo’s syndrome and focal 

dystonia. According to a recent systematic review and meta-analysis (Nogueira Campos et al., 2021), the 

prevalence of TMD in string and wind musicians is approximately 53.9%, and musicians who use their 

instruments daily and for long periods may have a higher prevalence of TMD. Frequency and duration of 

rehearsals and concerts, combined with stress and anxiety due to the highly competitive work demands, 

make musicians susceptible to TMD (Nogueira Campos et al., 2021). A questionnaire conducted by 

Amorim and Jorge (2016) showed that anxious violinists were six times more likely to report TMD 

symptoms when compared with the least anxious players. According to a study by Jang et al. (2016), TMD 

pain is about 3.2, 2.8, and 3.2 times more frequent in upper-string, woodwind, and brass instrumentalists, 

respectively, than it is in lower-string instruments.  A questionnaire conducted by Van Selms et al. (2020) 

showed that TMD pain was associated with playing a woodwind instrument, whereas pain in the neck and 

shoulder was associated with playing the violin or viola. Interestingly, one of the cases in Chapter 5 (#2) 

does not experience any TMD problems despite continuously holding the lower jaw forward while playing 

the trumpet to compensate for his large overjet.

 Violin and viola players position their instrument between the left shoulder and lower edge 

of the mandible. This hyperactivity of the orofacial and neck muscles and compression of the left 

temporomandibular joint could be the pre-disposing factor of TMD (Steinmetz et al., 2014; Nogueira 

Campos et al., 2021). It is also possible that a few persons clench their teeth for long periods while 

playing (Herman, 1974). Herman (1974) studied thirty violinists aged 13 to 70 years with 3 to 50 years 

of experience. He found that within five minutes, the jaw position of one violinist can range from a tightly 

clenched position to an exaggerated open bite. Most of the time, the teeth were slightly apart (2-3 mm), 

with the lower jaw anywhere from center position to markedly deviated to the left side (towards the 

violin) in a cross-bite relation (Herman, 1974). A recent study among 167 students at music schools in 

Lithuania showed that 61.5% of the 52 violin and viola students had a crossbite, which was significantly 

more frequent than among piano and wind instrument players. Sub-analysis while searching for a possible 

cause showed that those with a crossbite played more hours than those without a crossbite (Masiulyté et 

al., 2021). 
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Facial growth and morphology
Stabilizing a violin between shoulder and chin involves a particular kind of asymmetric face, neck, and 

shoulder muscle activity, which might influence facial growth in adolescence. A study performed by 

Kovero et al. (1997) found that violin players have a larger face height, especially on the right side of the 

lower face and in the right mandibular ramus, which is contralateral to the side where the violin is held. 

 According to Chapter 4, playing a wind instrument can also influence facial morphology. 

Longitudinal data showed a smaller increase in anterior facial height among brass and single-reed 

players between the age of 6 and 15 compared to controls. The facial diagrams of this longitudinal study 

show an anterior rotation of the maxilla and mandible (Brattström et al., 1989), in other words, less 

divergent skeletal growth. This is a promising finding as patients with hyperdivergent facial growth can be 

challenging to treat. Typically, these patients have a long narrow face, narrow nose and nasal apertures, 

short upper lip, and open-mouth posture (Tourne, 1990). They often suffer from allergic rhinitis, 

enlarged adenoids, enlarged tonsils, and/or obstructive deviation of the nasal septum (Abreu, 2008), 

and, therefore, switched from nasal to mouth breathing. Mouth breathing can induce developmental 

adaptations and a deviant craniofacial growth pattern (Tourne, 1990). Mouth breathing can lead to 

lowered mandibular posture and consequent supra-eruption of the molars, posterior rotation of the 

mandible, steepening of the mandibular plane, enlargement of the gonial angle, increased anterior lower 

face height, open bite, and increased overjet (Buschang, 2013). Another consequence of the lowered 

mandibular posture is a lowered tongue posture (Behlfelt, 1990), higher palates, narrower maxillas 

(Buschang, 2013), and posterior crossbites (Paolantonino, 2019). According to Parker (1957), wind 

instruments are helpful to develop muscle tonicity, particularly for mouth breathers and persons with a 

short upper lip. If this statement is true, it could potentially prevent the sequence of events described in 

this paragraph.

The lips
Chapter 6 showed that playing a wind instrument can train the pharyngeal muscles. Playing a wind 

instrument also trains the muscles of the embouchure. Chapter 4 showed that children playing a wind 

instrument have thicker lips than controls do. Kiran Kumar et al. (2017) performed a pilot study in 

India among 11 to 13-year-old children with a short upper lip. The study group and control group each 

consisted of eight subjects. The study group was given two years of flute training. After this period, the 

study group showed significantly increased philtrum height, decreased inter-labial gap, and improved 

competency compared to the control group.

 The proposition that playing wind instruments can influence oral facial morphology and may 

stimulate the development of a normal condition of the facial musculature was first described by 

Strayer (1939), an orthodontist and professional bassoonist. He stated that playing the flute would be 

especially valuable for those cases where there is a short upper lip and a strong mentalis muscle habit or 

a protruding lower lip (Strayer, 1939). When playing the flute, the mouthpiece is held against the lower lip, 

and the lower anterior teeth serve as a support. The upper lip is pushed downward to form a small slit�

shaped opening between the lower and upper lip, which directs the air towards the opposite rim of the 

blowhole (Berkhout, 2016; Yeo et al., 2022). Thus, the lower lip is inactive while the upper lip is stretched 

or drawn downward (Strayer, 1939). 

 Vertical shortening of the upper lip is commonly seen in patients with repaired cleft lips. In many 
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cases, this deformity, apart from affecting the patient from an aesthetic point of view, is functionally 

responsible for labial incompetence (Juri et al., 2002). Playing a wind instrument might be a good training 

for their lips possibly leading to improved shape and function. This is an interesting topic for further 

research.

Speech
Another rationale for blowing exercises for patients with repaired cleft palates is to train the muscles of 

the soft palate. The underlying assumptions are that such exercise will allow the patient to learn better 

voluntary control and, hence, improve use of the palatal muscles. Moreover, there will be an actual 

strengthening and development of the muscles themselves, thus, facilitating a more extensive contraction 

(Kantner, 1947). Another purpose of blowing exercises for cleft patients is to teach the patient to 

direct the air stream through the mouth (Kantner, 1947). A good velum closure is important for the 

pronunciation of explosives (such as p, t, k, b, d, g) and fricatives (such as f, s, v, z). For these sounds, it is 

also important to direct the airstream through the mouth (Meijer & Reijman, 2008). 

 Several cases in Chapter 7 indicated that playing a wind instrument had a positive effect on the 

training of the upper lip and speech. A girl who was born with bilateral cleft palate reported in the 

newspaper that she experienced muscle pain while learning to play the recorder. Learning to tighten her 

mouth and lip muscles had a positive effect on her speech (Wolvers, 2003). Furthermore, a girl without a 

cleft lip and/or palate reported on the news that, as a child, she had trouble with speaking. The doctors in 

Ukraine advised her to start playing the flute to develop her speech (NOS, 2019).  

 Chapter 5 showed that orthognathic surgery can have a serious effect on wind instrument playing. 

Bimaxillary orthognathic surgery can also significantly change the acoustic parameters of one’s voice. A 

study by Tatli et al. (2021) showed that fundamental frequency (i.e., pitch) significantly decreased after 

surgery. The changes in voice parameters were significantly correlated with changes in airway parameters 

and hyoid bone positioning, and they were more significant in patients with class II skeletal deformity than 

in those with class III skeletal deformity (Tatli et al., 2021).

Psychological aspects 

Chapter 8 is a systematic review that investigated the effect of playing background music on anxiety 

and physiological parameters in adolescent and adult patients undergoing dental treatment. Thirteen 

eligible studies were included. Descriptive analysis showed that music intervention had a positive effect 

on anxiety, while no effect was noted on systolic and diastolic blood pressure. The effect on heart rate 

and respiratory rate was inconsistent among studies. Meta-analysis showed that music intervention had 

a significant effect on anxiety. There is a moderate certainty that playing background music during dental 

treatment may provide a small reduction in dental anxiety. With very low to moderate certainty, no effect 

on physiologic parameters can be expected. 

 A recent systematic review and meta-analysis of 104 studies in different settings (De Witte et 

al., 2020) also found a larger effect of music intervention on psychological than on physiological stress-

related outcomes. They found stronger effects for heart rate than for blood pressure. De Witte et al. 

(2020) found that music with 60-80 beats per minute (representing slow and soothing music) had larger 

effects on psychological outcomes than music with another tempo. Similarly, we found that relaxing music 

together with classical music showed the most marked effect on anxiety.
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Emotions
In Chapter 8, the BRECVEMA framework of Juslin (2013) is described, which includes eight mechanisms 

of how music can evoke emotions. Moore (2013) performed a systematic review that included 50 studies 

on the neural effects of music on emotion regulation. Evoking emotions is a general concept, whereas 

emotion regulation is geared towards the specific goal. Emotion regulation is defined as “an internal 

process through which a person is able to maintain a comfortable state of arousal by modulating one 

or more aspects of emotion” (Moore, 2013). Emotion regulation is characterized by increased activation 

in the cognitive control and monitoring areas of the brain, which lead to decreased activation of the 

amygdala. The results of Moore (2013) showed that these desired neural activation patterns were 

induced by listening to music, singing, and improvisation. However, undesired neural activation patterns 

were induced by music that is in minor key, dissonant, or considered unpleasant, as well as unexpected 

musical events (such as sudden dynamic changes), frequent chord changes, and listening to music with 

the eyes closed. 

Music in medicine
Music is widely used in medicine to reduce pain and anxiety. Recent systematic reviews and meta-

analysis show promising results before, during, and after surgery (Kühlmann et al., 2018), for patients with 

cancer (Bradt et al., 2021) or burn injuries (Wu et al., 2021), critically ill patients (Umbrello et al., 2019), 

chronic pain patients (Garza-Villarreal et al., 2017), women undergoing assisted productive technologies 

(Mahmoud et al., 2021), labor (Santiváñez-Acosta et al., 2020), or cesarean delivery (Weingarten et al., 

2021). Music interventions also show positive effects for preterm neonates (Van der Heijden et al., 2016; 

Yue et al., 2021), children with autistic spectrum disorder or other neurodevelopmental disorders (Mayer-

Benarous et al., 2021), and people with dementia (Lam et al., 2020) or depression (Aalbers et al., 2017). 

These are just some examples for which music can be used.

In conclusion
A disability (such as a repaired oral cleft, retrognathic mandible, oligodontia, or irregular teeth) should not 

discourage one from playing a wind instrument. It may take a little more effort because it is not the most 

ideal condition, but the cases in this dissertation show that it is possible – even at a (semi) professional 

level. While treatment with braces or maxillo-facial surgery may offer improvement, the outcome is 

uncertain. It is not possible for a patient and treating specialist to know precisely what the effect of 

orthodontic treatment and/or surgery will be on playing ability, and it is especially impossible to predict 

possible nerve injury. On the other hand, to estimate the effect of changing a tooth shape on musical 

performance, a test set-up can be made as a trial. 

 It was the intention of this dissertation to gather information in order to bring the world of oral and 

maxillofacial medicine and music closer together. In general, doctors and oral care professionals appear 

to lack understanding of patients who play a wind instrument. Consequently, wind instrumentalists 

are often not properly informed about the consequences of medical/dental treatment. The obtained 

results and discussion as presented in this dissertation should contribute to a better understanding of 

associations between orofacial aspects and music. Results also have demonstrated that music and playing 

an instrument may have a therapeutic value.
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