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Introduction

Music
The Oxford English Dictionary defines music as “The art or science of combining vocal or instrumental
sounds to produce beauty of form, harmony, melody, rhythm, expressive content, etc.” According to the
Greek philosopher Plato, “music is a moral law. It gives a soul to the universe, wings to the mind, flight to
the imagination, a charm to sadness, and life to everything. It is the essence of order, and leads to all that
is good, just and beautiful, of which it is the invisible, but nevertheless dazzling, passionate, and eternal
form” (Watson, 1991).

People are surrounded by music: they play it at home and listen to it in the car; we hear it in
the store, at the gym, in restaurants, and on TV (Rentfrow, 2012). The International Federation of the
Phonographic Industry (IFPI, 2021) surveyed 43,000 people from 21 countries around the world.
Participants reported to spend an average of 18.4 hours per week listening to music. Furthermore,
80% of those surveyed reported that music improved their emotional wellbeing during the COVID-19
pandemic (IFPI, 2021). The literature also provides enough evidence to demonstrate that music practice
and participation can positively influence psychological well-being and contribute to a more flourishing
life (Croom, 2015). Given its importance to people's daily life, it is worth giving serious consideration to

the role of music - also in the field of healthcare.

Music in healthcare

Since ancient times, music has been applied as therapy in medicine. In Greek mythology, Apollo was
the god of both medicine and music (Komaroff, 2015). As Pythagoras showed that music complies with
a mathematical order, Pythagoreans regarded numbers as the formative principle that brought about
harmony. This led to the idea that in cases of disharmony, such as illness, music could work as a therapy.
This music therapy was called “katharsis” (emotional purification) and was primarily targeted at the soul
but could also have an indirect effect on the body. Depending on what therapeutic effect Pythagoras
wanted to achieve, he chose a suitable scale, melody, tempo, rhythm, and instrument (Wanker, 2008).
Moreover, the Greek philosophers Plato and Aristotle believed that music could heal the soul (Conrad,
2010). Hippocrates, the father of Greek medicine, is reported to have played music for his patients
(Babikian et al., 2013). In the Bible, King Saul was treated for depression by harp playing (Samuel 16:
15-17, 23). Native Americans and Africans used singing and chanting as part of their healing rituals
(Fabiny, 2015).

Recently, dental hygienist Jessica van Lingen wrote in a column that she turned on a classical radio
station during treatment of her patients. All her patients reported that they felt calm while listening, even
when they did not normally like classical music (Van Lingen, 2021). The University of Michigan News
reports that first-year dental students listening to live classical music before their first drilling exam felt
calmer and performed better than the previous year's students (Pires, 2018). A periodontist wrote in
a blog that he plays music during periodontal surgery to make his patients feel at ease (Froum, 2021).
Once he treated a 27-year-old male patient who asked if he could bring his own music. When “Seek and
Destroy” by Metallica played on the speakers, the periodontist became nervous and replaced the music
with Beethoven'’s fifth piano concerto, which, in turn, made the patient nervous. The periodontist asked

the patient, “I'm performing surgery on you today to save your teeth; who would you rather be nervous:



you or me?" The patient answered, “You're the doctor; you decide” (Froum, 2021). This may imply that
classical music might be able to calm both patients and treating physicians, while it can also make them

nervous if the music is not their preference.

Music and the face
One of the first features of the human body to be

noticed by another person is the face (Nguyen &
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to other people’s faces, which is derived from the
feeling of harmony. According to Muzj (1982),
there is a similarity between proportions of the
face and the proportions of musical modulation.
Someone who listens to a piece of music will
expect it to end with one final chord that follows
the gradual sequence of the preceding chords,
giving the feeling of pleasant satisfaction. If the
final chord is missing, the piece does not have

a conclusion, which leaves the listener with an
annoying feeling of interruption. If the piece
ended with a dissonant chord, it would give an
unaesthetic feeling. The expected, aesthetic
chord is the outcome of proportion that can

be mathematically quantified, as there similarly

are orthodontic cephalometric norms for the Figure 1
evaluation of face proportions (Muzj, 1982). The muscles of facial expression that radiate
The face is made up of many different from the musculus orbicularis oris are important
muscles, bones, organs, and a large network of in the formation of the embouchure. M: modiolus,
nerves. The facial and trigeminal nerves provide 1: orbicularis oris (upper lip portion), 2: levator
the motor innervation of the face. The facial labii superioris alaeque nasi, 3: levator labii
nerve innervates the muscles that create facial superioris, 4: levator anguli oris, 5: zygomaticus
expressions, and the trigeminal nerve innervates minor, 6: zygomaticus major, /: buccinator, 8a:
the muscles used in mastication (Nguyen & Dong, risorius (masseteric strand), 8b: risorius (platysma
2021). These muscles are especially important strand), 9: depressor anguli oris, 10: depressor
to wind instrument players. The muscles of labii inferioris, 11: mentalis, 12: orbicularis oris

mastication determine the position of the mandible (lower lip portion). (Porter, 1952; Reprinted with
when playing a wind instrument (Howard & permission from the British Dental Journal)
Lovrovich, 1989). The muscles of facial expression

that radiate from the musculus orbicularis oris are

important in the formation of the so called “embouchure” (Figure 1). This term encompasses the complex
of anatomical structures around the mouth and how they are used for playing the wind instrument. The
three major components of embouchure are the muscles of the cheeks and lips, the tongue, and the teeth

(Berkhout, 2016). Other important orofacial structures involved in the embouchure include the following:



the jaws, the temporomandibular joint, the soft palate, and the pharynx (Clemente, 2021). Different
mouthpieces on wind instruments each require a specific technique to form the embouchure (Yeo et

al., 2002), and it varies in detail with each player (Porter, 1952). The embouchure not only produces the
force needed to generate the sound, but it also modulates the airflow, thereby changing timbre, pitch, and

articulation (Satoh, 2011).

That wind instrument playing puts a high demand on the orofacial muscles, is shown by the fact that
Greek and Roman aulos players wore a leather strap around their face (Figure 2), called a “Phorbeia” in
Greek and “Capistrum” in Latin. It gave support to the cheeks to prevent them from bulging (Gysel, 1977;
Smithers, 1989). It also supported the lips to prevent leakage of air (Brand, 2008).

Figure 2
Demonstration of the Phorbeia / Capistrum (drawing by Rob Hazenberg, specially made for this

dissertation)
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In addition to motor innervation, the trigeminal nerve also provides the sensory innervation of the
face. It subdivides into three main branches that respectively innervate the upper, middle, and lower third
of the face: the ophthalmic, maxillary, and mandibular nerve. The latter two branches are important for

the sensory innervation of the embouchure: the cheeks, lips, jaws, chin, and teeth (Nguyen & Dong, 2021).

Music and the teeth

Because of the sensory innervation of the teeth, they can hurt. Toothache can be caused by chemical
(e.g. caries or acid), mechanical (e.g. grinding or tooth fracture) and thermal stimuli (exposure to heat and
cold) (Le Fur-Bonnabesse et al., 2017). The latter phenomenon is called “dentine hypersensitivity.” In the
tooth, dentine tubules run from the surface of the pulp to the outer surface of the tooth. Under normal
circumstances, there is a small, slow fluid flow in these dentinal tubules directed outward. However, when
the outer surface of the tooth is stimulated by heat or cold, the fluid flow can accelerate or even reverse,
which, in turn, excites the nerve cells, resulting in the sensation of pain (Van der Weijden et al.,, 2017).

The same can happen when listening to music. Sound is a longitudinal wave of a repeating pattern
of high-pressure and low-pressure areas caused by particles that vibrate back and forth. The fluctuating
pressure from sound waves can cause the fluid in the dentine tubules to vibrate, resulting in painful
excitation of the nerve cells (Queensboro Plaza Dental Care, 2018).

Vibration through the teeth can also be beneficial. Classical composer Ludwig von Beethoven
suffered from progressive hearing loss and tinnitus. He used a wooden drumstick as a hearing aid. The
one end of the stick was held between his teeth and the opposite end was applied to the piano. The
wooden drumstick conducted the vibrations produced by the piano to Beethoven's teeth and, in turn,
via bone conduction to his inner ears (Perciaccante et al., 2020). This “bone conduction” phenomenon
was first described during the Renaissance by Girolamo Cardano, an Italian physician. It forms the basis
of the development of hearing devices coupled with a titanium implant in the mastoid bone (Mudry &
Tiellstrém, 2011).

Michelangelo writes in one of his poems that his own teeth are “like the keys of a wind instrument
at whose touch his voice sounds or does not” (Barolsky, 1999). For wind instrument players, the teeth are
an essential part of their instrument. The teeth support the lips, cheeks, and tongue (Berkhout, 2016).
The anterior teeth support the sound-generating portion of the lips, the teeth more laterally support the
washer function of the lips to prevent the escape of air, and the posterior teeth support the modiolus
and buccinator muscles. The absence of posterior teeth often allows the cheek to bulge, since there
is inadequate resistance from the cheek alone to the pressure of the air column (Porter, 1968). The
teeth also support the tongue. Wind instrumentalists use the tongue to give a note a clean onset, called
“articulation” (Bains, 1967). This is done by pronouncing the letter “T", whereby the tip of the tongue
strikes against the intersection of the upper front teeth and the palate (Bains, 1967; Fox, 1974). Only
with reed instrument playing does the tip of the tongue lightly strike the reed instead of the teeth (Bains,
1967).
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The purpose of the research in this dissertation

Considering the above, there appears to be a close relationship between the muscles of the face, the
lips, teeth, and the playing of a wind instrument. Developing a good embouchure is exceedingly difficult
(Porter, 1952). Itis an exceptional function, which is acquired only after several years of conscientious
study and practice (Porter, 1973). Therefore, an oral care professional should fully appreciate a musician's
concern that his/her embouchure will not deteriorate after any form of radical dental treatment (Porter,
1952). The purpose of this dissertation was to explore the interaction between oral and maxillofacial
medicine and music. This was pursued by evaluating the existing literature and conducting structured
interviews with wind instrument players regarding tooth position, facial morphology, orthognathic
surgery, sleep apnea, and a repaired cleft lip, and/or palate. The last chapter explores the effect of
music on anxious dental patients during treatment. As title for this thesis a new term “musicodontology”
is introduced. This is a merge of the words “music” and “odontology”. The latter term was chosen to
cover the field of oral and maxillofacial medicine. This specific title was chosen to underline the close

relationship between the two and summarize the broad context of this thesis.
The following specific aims are addressed within this thesis:

Chapter 2. To systematically evaluate the scientific literature concerning the influence of tooth position

on wind instrumentalists’ performance and embouchure comfort.

Chapter 3. To describe the case of a professional French horn player who's embouchure improved after

correction of irregular front teeth.

Chapter 4. To systematically evaluate the scientific literature concerning the influence of playing a wind

instrument on tooth position and/or facial morphology.

Chapter 5. 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.

Chapter 6. To systematically evaluate the scientific literature concerning the effect of playing a wind

instrument or singing on sleep, snoring, and/or obstructive sleep apnea.

Chapter 7. 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.

Chapter 8. To systematically evaluate the scientific literature concerning the effect of playing background

music on anxiety and physiological parameters in patients undergoing dental treatment.

Most of the chapters in this thesis have already been published in scientific dental journals. Because some
of the studies concern similar topics, there are inevitable overlap in text and figures between the chapters.
Furthermore, different journal requirements have created minor variations in terminology between the

chapters. For editorial reasons, the chapters in this thesis are not arranged chronologically.
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