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Clinical Perspective

Fundamentals of Embouchure in Brass Players

Towards a Definition and Clinical Assessment

Kees H. Woldendorp,® Hans Boschma,® Anne M. Boonstra,@ Hans J. Arendzen,©
and Michiel F. Reneman® <AU: pls give authors’ highest acad degree>

Brass players may experience problems producing an opti-
mal sound (or range of sounds) in their instrument. Assess-
ing and treating dysfunctional embouchure requires know!-
edge about functional embouchure, but peer-reviewed
literature on dysfunctional and functional embouchure is
scarce. OBJECTIVE: This study aimed to provide a narra-
tive overview of embouchure based on information from
different scientific and clinical fields. This should be
regarded as a first step toward construction of a reliable,
valid, and practical multi-item method to assess
embouchure for brass players. METHODS: Literature
reviews were conducted concerning: 1) the definition of
embouchure, 2) physics and acoustics of embouchure, 3)
functioning of embouchure-related structures, and 4)
instruments to assess embouchure. In addition,
embouchure experts (clinicians, scientists, and elite wind
players) were consulted for information and discussion.
RESULTS: A proposal for a new definition of embouchure,
an overview of the relevant physics and acoustics, func-
tions of embouchure-related body structures, and the main
methods to measure embouchure in brass playing are pre-
sented. CONCLUSION: Peer-reviewed information about
the fundamentals of dysfunctional embouchure is scarce
and sometimes contradictory. A new definition for
embouchure is proposed: embouchure is the process
needed to adjust the amount, pressure, and direction of the
air flow (generated by the breath support) as it travels
through the mouth cavity and between the lips, by the
position and/or movements of the tongue, teeth, jaws,
cheeks, and lips, to produce a tone in a wind instrument. An
integrative overview is presented, which can serve as a
transparent foundation for the present understanding of
functional and dysfunctional embouchure and for develop-
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ments toward an evidence-based multi-item assessment
instrument. Med Probl Perform Art 2016; 31(4):218-229.

\ x 7ind players may experience problems producing an

optimal sound or an optimal range of sounds in
their instrument. This has a variety of causes, such as
overuse (too much playing), misuse (wrong technique, for
instance caused by incorrectly taught methods), and/or
medical diseases/symptoms of the facial, oral, and dental
areas and/or problems regarding breath support.'? The
prevalence of these embouchure problems is not precisely
known. A literature search revealed only two studies.!?
Chesky et al.,? in their 2002 paper, reported up to 24% “loss
of lip” in brass players, an unclear term and possibly a sub-
stitute for pain, fatigue, loss of control, or loss of power
over the lips or embouchure-related facial muscles while
playing a brass instrument. Steinmetz et al,! in 2013,
found a prevalence of 59% of “embouchure problems” in
brass players.

Musicians, their teachers, and physicians and therapists
consulted by musicians would benefit from a systematic
approach to embouchure to prevent or resolve these prob-
lems. Up to now, no such integrated systematic approach
has been available, despite the fact that there are several
(dynamic) methods to observe embouchure (e.g., stro-
boscopy,*® high-speed real-time MRIL>!! electromyogra-
phy,!h12 1L13) and that some
simple classification systems have been developed.*® The
most reliable methods to record embouchure, like high
speed real-time MRL’!! are not available in daily clinical
practice, and there is no structured and agreed-upon way to

and fluoroscopy-video imaging

interpret these recordings. Many expert opinions with
respect to the analysis and treatment of embouchure prob-
lems have been put forward in the field of embouchure,
sometimes contradicting each other. Knowledge of what is
functional in embouchure is essential in order to under-
stand and treat dysfunctional embouchure.

A wide range of complaints and symptoms can impede
a wind player’s embouchure.»»1#16 These complaints may
be interpreted in terms of injuries caused by “overuse” or
“misuse.”>>171 They refer to a wide spectrum of soft-
tissue related diagnoses such as tendinitis, tenosynovitis,

(compression) neuropathies, and musician’s dystonia.!"?°



Various medical specialists interpret and label these situa-
tions with reference to different etiologies, according to
their specific frame of reference.?! Different approaches to
the analysis, diagnosis, and treatment of embouchure
problems are needed to reduce the number of wind players
with dysfunctional embouchures and to improve the out-
comes of treatment.

Unproven or unsubstantiated beliefs about the way
sound is produced in a wind instrument are common, and
these beliefs are the implicit foundation for educational
methods to achieve good, i.e., functional, embouchure and
for the educational or therapeutic approach to
embouchure problems. A transparent and theoretically
sound foundation for embouchure is clearly lacking, and
this is hampering educational, artistic, and therapeutic
effectiveness. There is thus a need for a theory-based
overview of functional and dysfunctional embouchure
and related issues. Theoretical development of a construct
should be regarded as a first step in the scientific process of
developing clinical assessment.?? Like any motor perform-
ance, embouchure is subject to multiple individual varia-
tions and varying circumstances.”’ This leads to a wide
spectrum of embouchure presentations. Hence, an
overview must describe the main principles, regardless of
these individual variations.

The objectives of this study were therefore:

1. to provide a definition of embouchure,
to provide an overview of the physics of embouchure and
acoustics,

3. to provide an overview of the functions of embouchure-
related structures,

4. to describe the main existing methods to assess
embouchure at the level of body functions and body struc-
tures according to international medical standards, and
their limitations.

METHODS

Our study consisted of three major stages: literature
review, synthesis of results, and critical feedback.
Literature review: A literature review was performed by
searching the Cochrane, Medline, Web of Science, and
CINAHL databases. Search terms were: “Assessment-“
and/or “Classification-“ and/or “Observation-“ and/or
“Evaluation of embouchure,” and the same terms in com-
bination with “wind playing” instead of “embouchure.”
Since this strategy led to insufficient results, additional
searches were conducted with a wide range of search
terms; two in 2013*%% and three as ongoing searches
(2014-2016). Searches focused on the study objectives. The
2425 were performed on Medline and Web
of Science with the search terms “embouchure” and

first two searches

[“brass playing” or “wind instrument(s)”].

Furthermore, embouchure-related literature collected
by one of the authors (XXX) was searched for relevance,
and articles that were suggested during the critical feed-
back stage and review process of the paper were searched

for relevance and included when appropriate. During the
review process, two additional databases specific for music
literature were searched: the website of Oxford Music
Online (www.oxfordmusiconline.com) and the German
website Musik in Geschichte und Gegenwart (www.baeren
reiter.com). <AU pls give authors’ initials>

The definitions of embouchure found in the literature
were evaluated using the following criteria:

1. They had to include an explicit description of the func-
tional goal of embouchure.

2. They had to include an explicit description of the
embouchure-related body structures involved.

3. They had to distinguish embouchure explicitly from the
closely related mechanism of breath support.

The explicit description is necessary because it defines
which body structures should be studied. It allows for an
appropriate distinction between directly (primary) and
indirectly involved body
Embouchure refers to many aspects of wind playing that

(secondary) structures.
are involved in the sound production in a wind instru-
ment. This paper considers only the directly involved
body functions, not the indirectly involved functions con-
cerning the process of breath support. Since embouchure
can be seen as a functional construct (to produce an opti-
mal tone), it is important to include this functional aspect
explicitly in the definition. Breath support® is distinct
from, but closely related to, embouchure (though beyond
the scope of this paper).

Synthesis of results: Preliminary results were discussed
among members of the study group and theoretical, practi-
cal, and clinical soundness and consistency were evalu-
ated. Members of this study group represented the follow-
ing scientific, clinical, pedagogical, and music-related
disciplines: (music) physiatrists, a (music) physical thera-
pist, a movement scientist, and an elite brass player.

Critical feedback: To facilitate discussion and invite
feedback from embouchure experts, an online discussion
was initiated on an open section of the website
www.embouchure.nl. Additionally, conceptual definitions
were presented in two poster presentations at an interna-
tional conference. The final draft of this paper was sent to
a wide range of experts (see Acknowledgments) to invite
comments about the content. One of the requests explic-
itly invited critical feedback.

RESULTS

The first search in 2013 resulted in O useful references (in
the sense of presenting a best-evidence-based clinically
applicable instrument to assess embouchure). Searching
on Oxford Music Online was not possible because it was
not publicly accessible. The German website Musik in

*“Breath support” (USA) or “breathing support” (British) is the ulti-
mate expiration force produced by an individual, resulting in vocal-
ization or the production of a tone in a wind instrument.
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Geschichte und Gegenwart resulted in 1 reference for the
term “embouchure.” All searches together resulted in 71
articles, posters, and publications on websites, which are
presented in the reference list of this paper.

Definition

Our examination of the literature about definitions of
embouchure resulted, after title-based selection of 118 poten-
tial articles, in 7 explicit definitions of embouchure.>1926-32

Although embouchure is a well-known term among wind
players and in music medicine, there is no generally
accepted definition of the concept. Several authors have
proposed definitions,”!*?%32 but none of these met the cri-
teria mentioned in the Methods section above. For exam-
ple, many definitions did not clearly state if, and to what
extent, the process of breath support,® such as the influ-
ence of the abdominal region, is included or excluded in
the definition. The definitions by Porter”” and Potter et
al.’® are the only ones that refer to the crucial role of the
air, but they did not meet other criteria mentioned above.

We propose the following definition of embouchure:
embouchure is the process needed to adjust the amount, pressure, T
and direction of the air flow (generated by the breath support) as
it travels through the mouth cavity and between the lips, by the
position and /or movements of the tongue, teeth, jaws, cheeks,
and lips, to produce a tone in a wind instrument.

Embouchure can be described in terms of “functional”
and “dysfunctional.” In “functional” embouchure, the
wind player has the ability to efficiently create the
intended tone (or range of tones) or sound in his/her wind

instrument, without causing music- or practice-related
physical complaints. “Dysfunctional” embouchure is the
opposite: embouchure which does not, or insufficiently,
create the tone (or range of tones) or sound and/or causes
physical complaints related to wind playing. Dysfunc-
tional embouchure can occur without apparent physical
complaints, e.g., in “squeezed playing” with ineffective
high muscle tension in the facial area that restricts the
range of playable notes. Examples of possible conse-
quences of dysfunctional embouchure include a limited
range of tones (restrictions in playing low and/or high
tones), poor dynamics (restrictions in playing loudly
and/or softly), sound artifacts (squeezed tone, burred
tone, superimposed sounds, diminished harmonics of the
sound, noise caused by air escape, faulty intonation, or dif-
ficulties producing clear tonal intervals ), difficulty playing
long notes, pain, redness or swollen lips, and problems of
“attack” (the starting or onset of the tone).

The judgment of “functional” or “dysfunctional”
embouchure is directly related to the intended or desired
level of performance; embouchure can be labeled as func-
tional or dysfunctional depending on the level of intended
quality or range of tones and sounds. For example, the

TPressure is force divided by surface area, i.e., the opening of a reed
or the equivalent of it in a brass instrument.
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(physical) demands are different for amateur musicians
and professional musicians. In addition, embouchure is
determined by a complex combination of individual fac-
tors and environmental circumstances. Deviations in a
particular embouchure from the standard situation in this
article can be very functional for an individual brass
player; e.g., a brass player may compensate an asymmetry
in the architecture of their incisors by lateral deviation of
his/her instrument’s position, in order to avoid painful
compression of the lip between the prominent teeth and
the mouthpiece. It is important to know these deviations
in detail, because there are significant individual varia-
tions in morphology and pedagogy that lead to such a wide
variation in embouchure presentations (both in functional
and dysfunctional conditions).

Physics and Acoustics of Brass Playing

Assessing functional and dysfunctional embouchure in
brass playing requires a thorough understanding of the
physics and acoustics of brass instruments. The main
aspects of the physics of brass instrument playing known
so far are described below. These aspects are complex and
still not fully understood.?*#

Playing music on a brass instrument can be described as
a coupled aero-elastic dynamic system with a strong
mutual influence between the brass wind player and the
instrument.** 3940 It is the player’s intention to initiate and
maintain a vibrating air flow (as a generator) in the instru-
ment. The instrument (as a resonator) contains an air
column with a size and shape defined by the form and
length of the tube (lead pipe), body, and bell of the brass
instrument. The brass player must transfer sufficient
vibrational energy to the air column in the instrument to
let the column vibrate.’”* The air flow, shaped by the
player’s lips, is blown into the cup of the mouthpiece
towards the lead pipe of the instrument. If there is suffi-
cient vibration of the air column, a tone is generated in the
instrument, corresponding to the resonance frequency of
the instrument itself (the so-called natural or eigen-fre-
quency). The brass player can create a series of natural
tones (harmonics) by supplying extra energy to the vibrat-
ing air column. When played louder, the tone becomes
more brilliant because of additional upper harmonics (=
wider tone spectrum). The single tone becomes a sound
(with a warm or clear timbre).>3%-#

A stable tone is created when there is a standing wave
in the air column in the brass instrument. This standing
wave is the sum of waves oscillating back and forth in the
bore of the instrument, which cross each other at the same
frequency.

The air column in all brass instruments behaves like an
air column in a pipe closed at one end (the nearly closed

mouth of the brass player).?**

Irregular, “unstable” blow-
ing by the brass player creates irregularities in the vibrating
air column in the instrument. As a consequence, the

standing and crossing waves in the air column will be dis-
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FIGURE 1. Anatomy of the mouthpiece.

turbed, with jerky, doddery tones or extra (blurring) noises
as the logical outcome.

The “physical aim” of the brass player is to create the nec-
essary vibration in the air column of the instrument. This
can be done more easily if the air stream passes a rim or edge.
This physical principle is called the “edge tone principle”
according to Richardson’s law.} ##% The most important
edges in this process to create a sound in the instrument are
the frontal incisors, the lips, and in particular the refractive
index/angle of the passage from the mouthpiece cup to the
(back)bore of the lead pipe (Fig. 1). The form of the mouth-
piece cup determines the angle of inclination and therefore
influences the speed of the air flow and the direction of its
transformation into air column turbulence; a dome-shaped
mouthpiece with an obtuse vertex angle creates a harmonic
full sound, but needs more effort to adapt the necessary air
transformations, while a funnel-shaped mouthpiece with an
acute vertex angle causes a sharp tone, created with less
effort (Fig. 2). 344424446

The mouthpiece and the rest of the brass instrument
must be considered as one system. The mouthpiece of a
brass instrument can be removed from the rest of the
instrument, making it possible to change the mouthpiece
of the instrument, instead of replacing the whole instru-
ment, for the creation of a different sound. The shank of
the mouthpiece must be inserted into the lead pipe of the
brass instrument, which implies that the diameter of the
pipe in this transition zone is therefore narrower (Fig. 3).
Due to Venturi’s and Bernoulli’s principles’ of the physics

$Richardson’s law / edge tone principle: When air is directed at an edge, it
does not divide smoothly, but tends to move to one side and form tur-
bulences in the air (swirls and/or vortexes). This initiates and sus-
tains a sound in a wind instrument or when whistling a tone.*

9 Venturi’s principle: This principle describes the inverse association
between air pressure, velocity of flow, and restriction of passage. If
there is a restriction in a tube, the related air pressure drop can be
restored with a dilation of the tube distal to the narrowing.’?

FIGURE 2. Mouthpiece with acute (/left) and obtuse
(right) vertex angle.

31333947 this narrowing in the pipe causes

of flowing air,
extra turbulences in the air column due the accelerated
flow and the reduction of the local air pressure. These dif-
ferences in the air column produce extra harmonics in the
sound.?#

Bernoulli’s principle: This principle states that the sum of
the velocity of the air and the kinetic energy of the air
flowing through a tube is constant. The greater the veloc-
ity, the lower the lateral pressure of the air on the wall of
the tube.”

When a brass player actuates a tone, a small amount of
air (called an “air packet”) is sent into the mouthpiece cup.
Most of this air is bounced back towards the now nearly
closed lips (Fig. 4). As a result, the nearly closed lips are
pressed back against the row of teeth, resulting in a second
reflection back into the cup. Only part of the vibration of
the air is transported into the bore of the leading pipe, and
this produces a sound in the instrument. A very complex
interaction between the lips, the bouncing air, and the cup
takes place in the cup of the mouthpiece.® As a result of
this interaction, an air packet with vibrational energy flows
into the bore of the instrument. This cycle of air packets
continuously repeats itself, within milliseconds, during
playing. The main air flow flowing into the mouthpiece
gradually diminishes and changes during one air packet
cycle. In addition, each entering air packet is not an exact
copy of its returned predecessor.’* The interaction in the
cup of the mouthpiece is sensitive to changes in intended
pitch, as air pressure increases, and the wavelength of the
airwaves decreases, exponentially when playing high and
loud as compared to playing low and soft.#44 When play-
ing loud, the input impedance on the air flow changes sud-
denly from linear sinusoidal into a nonlinear non-sinu-
soidal shock wave in the mouthpiece.®3

The interaction between the lips and the mouthpiece is
even more complex, as each brass player has their individ-
ual elasticity of the lips and surrounding soft tissues. More
recent studies on artificial lips?®*#$°0 have resulted in new
insights into the motion of real players’ lips. The lips have
a tendency to favor an inward motion while playing high
notes and outward when playing low notes. This changes
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FIGURE 3. The throat-angle of the mouthpiece, showing
different angles in different instruments: narrowing the
bore of the instrument results in accelerated air flow.

the vibration frequency of the lips during playing, and this
frequency is almost always higher than the corresponding
air column resonance.’>34 [t is unknown if, and to what
extent, the aspect of the vibrational frequency of the lips
observed with a stroboscope while playing (see below) can
be generalized to the situation of playing with a real instru-
ment. Since the characteristics of the reflections depend
on wavelength and pressure, different phenomena are
likely to be observed in individual musicians playing the
whole sound spectrum of the brass instrument.

Functioning of Embouchure-Related Body
Structures

Our literature study about the functions of the
embouchure-related body structures’* yielded 10 to 15
more or less explicit descriptions of the function of the dif-
ferent structures in embouchure. A brief overview of the
main functions of the embouchure-related body structures
(the lips, cheeks, tongue, teeth, and mandible) is provided:

Lips

The lips consist of four zones of mobile mucous and
epithelial membranes closely connected with the underly-
ing facial muscles, which cause changes in lip configura-
tion. A detailed description of lip anatomy is beyond the
scope of this article. The lips and the immediately underly-
ing orbicularis oris muscle generally consist of four main
parts.’>? The parts of the lower lip have more fast-twitch
muscle fibers, and the parts of the upper lip more slow-
twitch, oxidative fibers.’! The slow-twitch fibers facilitate
the control of smaller movements over a longer time. From
an anatomical viewpoint, the upper lip seems to be more
suitable to perform the continuous small configurational
changes needed in brass playing.

Both lips work together intensively for the ultimate
control of the air stream velocity and air pressure. Two
modes of lip opening can be observed,?#>45¢ one vertical
“sliding-door” and one more horizontal “swinging-door”
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FIGURE 4. Reflecting and bouncing air flows in the
mouthpiece and flow into the bore of the instrument. The
air flow divides into three phases during one “air packet”:
A, basal air flow into the mouthpiece; B, reflecting waves
in the mouthpiece; €, bouncing air waves from the lips
back into the mouthpiece and bore; and d, resultant air
flow (of A, B, C) into the bore consisting of air waves with
different characteristics.

movement, like a valve blown open by the pressure of the
air. The former movement acts in a plane parallel to the
teeth and the rim of the mouthpiece, while the latter acts
more at a right angle to this plane. These movements may
be opposite in some individuals, influenced by the way
they exhale the air (playing upstream or downstream) and
the position of the mouthpiece in relation to the lips
(whether more on the upper or lower lip), as has been
found in the first published videos about embouchure.®#°
The most frequently observed pattern is that the upper lip
rolls inward, tightened over the teeth when playing higher
pitched tones, to create an optimal sharp edge for the pro-
duction of these tones according to the edge tone principle.
The lower lip rolls out while playing low pitch tones, to
create low frequencies or deceleration of the vibrating air
column 342545657 The position of the mouthpiece rim over
the upper lip can be used to shorten the length of the
upper lip,*7
ment creates progressively higher pitched tones (Fig. 5).

just as upward fingering on a string instru-



Stroboscopic videos?#7#%57-60 suggest that the role of the
upper lip is different from that of the lower lip: the vertical
cross-section of one lip behaves as a string and influences
the vibration in the air stream towards the instrument,
while the other lip (together with the lower jaw position)
controls the amount and direction of the air and is kept
more or less open*®¢! (Fig. 5).

Nothing could be found in the literature about the role
of the layer of mucus on the lips. In our experience, the
characteristics of this layer have a major influence on
sound production; with wet lips (e.g., after drinking a cup
of coffee), it is very difficult to create the same sound as
with lightly moistened lips.

Brass players, clinicians, and researchers have different
opinions about the above-mentioned functioning of the
lips. One of the opinions is that there is a direct relation-
ship between the lip vibration frequency and the tone pro-
duced in the instrument, because the lip trill is responsible
for the pitch of the tone.”!32¢ This misconception might be
based on existing videos about lip vibration movements in
brass playing. There are several arguments against this
view. The main argument is that this is physically impossi-
ble: playing an A3 note would require an extremely high
lip vibration frequency of 1760 Hz, and playing an arpeg-
gio with a range of tones within a very small time window
would demand a more rapid muscular action than is phys-
ically possible. This misconception is also disproved in
practice, as is demonstrated by a video of playing an arpeg-
gio on a brass instrument with a transparent mouthpiece,

which shows no significant lip vibration.?

Teeth

The teeth have three functions in embouchure. The first
and main function of the (top of the) incisors is that they act
as a rim to the air column blown from the mouth cavity,
according to Richardson’s edge tone principle. The second
is the influence on the direction of the expired air column
induced by the inclination angle of the incisors to the open-
ing of the lips. The third function of the incisors is to sup-
port the lips when the latter have to tighten while playing
higher pitched notes.??62%425762 The incisors (and canine
teeth) thereby function as an anchoring point for the
embouchure. The molars control the air flow by supporting
the buccal mucosa and muscles. More detailed information,
which is beyond the scope of this article, can be found in the

series of papers by Porter,% Boschma,® and Hattori.®*

Tongue

The tongue controls the direction and volume of air blown
into the oral cavity and the frequency of quick staccato
notes as in triplets.!>%5 The form of the tongue in the oral
cavity has a major influence on the harmonics and reso-
nance spectrum of the sounds finally produced in the
instrument.»10132633 A flat tongue causes a much higher air
flow velocity and air pressure than playing with a
rounded, more relaxed tongue. The former situation is

ACTION BALLOON OR MOUTH LATERAL VIEW
FRONTAL View VIA R\M VISWALIZER
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FIGURE 5. The mechanism of lip behavior, lip thickness,
and width of the mouth opening explained by the
metaphor of deflating an inflated balloon. Different
degrees of pressure exerted on the tubular part of the bal-
loon near its opening produce different pitches of sound:

A, Production of a low tone by the spontaneous deflation
of a balloon with little pressure.

B, Frontal view of the brass player’'s mouth while playing
a low tone; the lips are thick and relaxed. The (vertical)
thickness of the lip acts as a long vertical string (see 1
in panel B).

€ and D, Production of a high tone with a balloon and a
brass player’s mouth, respectively. The width of the
opening and the “lips” decrease, and the distance
between the edges increases (a louder sound with a
balloon is only possible with higher pressure on the
inflated balloon itself, comparable to the process of
breath support). The (vertical) narrowness of the lip
acts as a short vertical string (see t in panel D). In panels
A and C, D> = place of pressure exerted by the hands.

more suitable for loud and high-pitched playing, the latter
for softer playing.”!0132633 Figure 6 presents an overview of
the different tongue forms, positions, and functions, based
on dynamic MRI and video-fluoroscopy imaging.!t1>#
The origin of the tongue is at the hyoid bone, a flexibly

positioned bony structure at the level of the throat. Other
muscles at the level of the throat, inserted at the hyoid
bone, react secondarily to the air column as a consequence
of the tongue activity and changes in the positioning of the
hyoid bone. Various authors®*%7° have reported that elite
wind players narrow the opening of the throat to enhance
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FIGURE 6. Main principles of form, position, and function of the tongue in brass playing. Variations are possible, but in a

minority of the brass playing population.

breath support and for a fine control of the direction of
the air stream.

Cheeks

The cheeks consist of different tissue layers (mucosa, sub-
mucosa, facial muscles, and skin) with different functions
related to embouchure.?®* No literature could be found
about this topic in relation to wind playing, except for the
different facial muscles.?® From our experience and based
on the functional anatomy of the facial muscles in
general,’”>? the following can be said: just as in the second
role of the teeth described above, the cheeks influence the
direction of the expired air when the jaws are not closed.
This role seems more important while playing low notes
than while playing high notes.

The mucosa and submucosa are highly elastic and
cause low friction. They minimize the friction in move-
ments of the facial muscles relative to the teeth. This is
important while playing consecutive notes with different
lip apertures, during high speed performance. The func-
tion of the (outer) skin is important for the sensory feed-
back during playing, because the facial muscles have no
muscle spindles, a unique characteristic of striated mus-
cles.”’>3 It is assumable that, because the facial expression
muscles are attached to the skin, the sensory perceptions
in the facial skin can be regarded as an external replace-
ment of these lacking muscle spindles. The facial muscles
have a major influence on the process of embouchure.
Although a detailed description is beyond the scope of this
article, the main principle is that the mastication muscles
are responsible for the movement and stability of the
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mandible, while the other facial muscles are responsible
for the width of lip-opening, the configuration of the lips,
and facial expressions. The orbicularis oris act as the core
muscles in the whole spider web-like anatomic configura-
tion 315371

Some players play with puffed cheeks and/or puffed
lips (with some air collection under the lips) to create soft
jazzy notes, to use the circular breathing technique (with-
out lung air circulation but directly via the nose), or to
create more air pressure (with less tension in the
embouchure-related muscles) in the instrument, as a com-
pensatory mechanism in the case of perceived weakness.

Jaw

The (lower) jaw can be seen as the rudder of the
embouchure. The large muscles of the lower face and
mouth floor area open or close the mandible and deter-
mine the mouth opening in general.’**> The lips can
adapt this mouth opening more precisely and at a much
faster rate.

The incisors of the maxilla and mandible should meet
in a vertical direction while playing.?o##%2 This is only
possible by protraction of the mandible. In this protracted
position, the pressure of the mouthpiece on the lips and
jaws can be divided equally over these structures. Playing
very low tones, e.g., with the bass tuba, can be performed
most easily with a protracted and backward overturned
mandible position to enable sufficient air transit for a con-
sistent low-pitched tone production.*38406! Protraction of
the mandible is also necessary to avoid the nicking of lips
by the mouthpiece by improving the position of the teeth,



TABLE 1. Overview of Actions to Produce a High- or Low-Pitched Note in Brass Playing

High-Pitched Tone

Low-Pitched Tone

Pronouncing vowel

Tongue configuration

Lip configuration

Lip opening

Lip top (vertical string length)
Mandible position

Head position

Inclination edge incisors with reference to

the instrument
Position of mouthpiece (shifting)

Phonetic “I”

Flat (low) tongue

Hard/thin

(Very) small

Short

Frontal (forward-protracted)

Neutral/backward and upward

More transverse (£ 135°)
Lower (less vertical length of upper lip)

Phonetic “or”

Spherical (high) tongue

Soft/thick (extreme low: puffed cheeks and lips)

(Very) wide

Long

More backward/wider opened (extreme low: forward
and tilled backwards)

Forward and downward

Less transverse
Higher (increased vertical length of upper lip)

Downward*
Straight/ upstream

Pivoting of the instrument
Direction of air stream
Embouchure motion
Tension of embouchure-related muscles Higher

Upper lip upward over the incisors

Upward*

Straight/ downstream

Upper lip downward over the incisors
Lower

* Pivoting with a big brass instrument is difficult to perform, and compensation is created by movements of the head and/or jaw.

with a decreased sagittal inclination angle of the inci-
sors.*20 Most muscles in the facial area are relaxed during
alow mandible position, which facilitates the relaxation of
the lips necessary to play low notes.!22651-53

The production of high- and low-pitched notes is possi-
ble in various ways. Only a few brass players, even among
elite players, are explicitly aware of the whole spectrum of
actions (and combinations thereof) they perform to play
the desired notes with different pitches. The possible range
of actions used to meet the different demands in playing
brass is described in Table 1. Several of these actions are
intended to create a short and tensed upper lip with a
sharp edge and narrow lip opening (in combination with
strong breath support). The purpose of upstream and
downstream playing is to reduce or to increase the pressure
in the whole system and to create the correct lip flap length
for the particular situation. Playing very low tones is some-
what different from playing low tones, as the mandible is
positioned more frontally to open the mouth maximally,
and breath support must be maximal as in playing very
high (or loud) tones.

The clinical relevance of Table 1 is that in the assess-
ment of embouchure, it is important (in both pedagogical
and therapeutic situations) to measure across the whole
range of tones, as different demands are made in the differ-
ent embouchure situations. Some signs and causes of dys-
functional embouchure only occur in specific circum-
stances and can only then be detected by the observer.

The majority of brass players position the mouthpiece
of their instrument at a ratio of two fifths and three fifths
on the upper and lower lips, respectively, in small brass
instruments, and at the opposite ratio in large brass instru-
ments.>"3355057-60 While playing the bass tuba, the mouth-
piece is positioned nearly against the nose. Adaptations
are possible, via the mechanism of “embouchure motion”
and/or “shifting” of the instrument. In “embouchure
motion,” the lips and mouthpiece together move slightly in
a vertical direction over the teeth; in “shifting,” only the
position of the mouthpiece moves in a vertical direction

relative to the lips and teeth (Fig. 7). The reason for the dif-
ferent positions of the mouthpiece while playing different
brass instruments is the adaptation of the lip function to
the characteristics of the different instruments.

Existing Methods for Assessment of
Embouchure

The most prevalent assessment of embouchure in daily
practice is visual observation of musicians while they are
playing a brass instrument. Some observation methods
assess embouchure in a systematic way, for instance using
the classifications of embouchure by Reinhardt,* Farkas,*
Elliott, and Wilken.” However, none of these describe
embouchure in a way that is complete and systematic.
These four classifications are comparable in describing
the direction of the air stream (upstream or downstream) and
the position of the mouthpiece in relation to the position of

FIGURE 7. The basics of the mechanism of (upward) piv-
oting of the instrument (in low-pitch playing) T, changing
the direction of instrument (upward in this case); 2, chin
forward; 3, puckering of lower lip; 4, length of lip flap of
upper lip increased; §, tongue backward; 6, air stream; 7,
head bending forward.
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FIGURE 8. Rim visualizer, held in front of the mouth.

the lips (= shifting). In the classifications by Reinhardt* and
Farkas,* this is combined with pivoting of the instrument.
These two classifications (with four standard types and five
subtypes) are not easy to understand.” In addition, the classi-
fications fail to classify the “straightforward streaming” form
of adjustment of the air flow. The abovementioned classifi-
cations assign a significant role to the direction of the air
stream while playing. Others*735342:44455717172 find this less
relevant and emphasize the individual player’s anatomy as
one of the most important factors determining which
embouchure would work best for a particular musician. In
line with our proposed definition of embouchure, the
embouchure-related body structures should be regarded as
the structural “preconditioning” factor for embouchure.
Since the mouthpiece is in front of the lips, a large part
of the mouth area is hardly visible. For this reason, a ring-
shaped open mouthpiece (the rim visualizer, Fig. 8) or a
transparent mouthpiece can be used to observe what hap-
pens behind the mouthpiece. In line with a suggestion by
Fritz and Wolfe,*” we assume that the “muscle memory”
should be reliable enough when doing a simulated task
(like playing on a rim visualizer) instead of real playing. As
far as we know, there have been no validity and reliability
studies on these visual observations of the mouth. Observ-
ing embouchure via a transparent mouthpiece is difficult
because it becomes steamed up by the warm and humid air
in the mouthpiece. Observation using the rim visualizer
differs from the normal embouchure in that there is no
correction for the lack of counter-pressure and bouncing
effects of the air (the part that does not directly flow into
the leading pipe) from the mouthpiece cup back to the lips
and vice versa. As a consequence, the brass player tends to
play with pursed lips in an open mouthpiece, as in
“buzzing with noise.” This will cause the production of
squeezed tones. A proper observation with a rim visualizer
can be performed without expiration of air, while keeping
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the lip configuration the same as when playing a real tone
of a certain pitch on the instrument. A novel approach to
visualize embouchure in the mouth cavity while playing
was introduced by Rietveld and Kersing,” using a flexible
or rigid fiberoptic device inserted into the oral cavity via
the nose or the corner of the mouth, respectively.

A technical support method in observing the dynamics
of embouchure is stroboscopy. Stroboscopy is widely used
in the observation of vibrating objects such as the vocal
cords in ENT medicine.”” When lit with a high-frequency
flashing light, which has (nearly) the same frequency as the
vibrating object, an object appears to move slowly or is sta-
tionary. This makes observation much easier. The reason-
ing behind observation with a stroboscopic tool may, how-
ever, not be valid. A valid observation is only possible if
there is a (nearly) constant vibration frequency of the lips
during observation, as otherwise no stationary image can
be created with stroboscopy. As mentioned eatlier, playing
one tone is a dynamic phenomenon. In normal playing,
the frequency at the onset of the tone is different from that
during the rest of the tone, with a gradual decline in fre-
quency towards the end. Stroboscopy is only suitable in
the undesirable situation of playing with squeezed lips,
because of the stable frequency patterns during the tones
thus played.

DISCUSSION

Embouchure concerns the process in which a wind player
produces a tone on a wind instrument. Many problems of
embouchure can occur, in professional, pedagogical, and
therapeutic situations. It is difficult to find systematic
information, even in textbooks of music medicine®!%%6 to
confirm or refute any particular opinions in this situation.
Because of the lack of an international open-access digital
database of non-therapeutic music literature and very little
information in (allied) medical databases, it was not feasi-
ble to perform a systematic literature review of
embouchure. Nevertheless, to create an integrated view of
the different fundamental aspects of embouchure, a syn-
thesis was composed from information gathered using the
unfortunately non-controllable and non-transparent
approach described in the Methods section.

Up to now, there has been no agreed definition or oper-
ationalization of the construct of functional and dysfunc-
tional embouchure. We conclude that the existing theories
about embouchure are not soundly based in theory, or
based on, or directly derived from, evidence. Moreover,
the existing assessment methods for embouchure have not
been studied for their psychometric properties.

The observation, classification, diagnosis, and evaluation
of embouchure problems requires an accepted definition and
a theory-based measurement instrument.”® Such a measure-
ment instrument must assess embouchure in its widest sense
(Table 1) in order to provide insight into functional and dys-
functional embouchure for a particular wind player and, in
case embouchure problems are found, to give an indication



of the etiology and/or pathophysiology of this problem.
Embouchure should be regarded as a multidimensional con-
struct, which by definition cannot be assessed with a one-
dimensional assessment instrument or strategy.

The construct of embouchure should be described and
operationalized according to the international guidelines
and terminology for the description and classification of
human physical functions and functioning in general. The
International Classification of Functioning, Disability,
and Health (ICF)” should provide the appropriate seman-
tics. However, the ICF lacks a description of embouchure
(and breath support). Thus, as there is no definition of
embouchure that complies with the criteria and that is also
in line with the ICF nomenclature, the introduction of a
new definition of embouchure can be justified.

Currently, there is no valid and reliable method to
assess embouchure in clinical practice. The introduction
of a valid and reliable measurement method, based on
underlying related physical and acoustic laws, is crucial to
the further development of both embouchure pedagogy
and treatment in the case of dysfunctional embouchure. A
structured approach should facilitate a more explicit
assessment of the embouchure of an individual brass
player, for both teachers and practitioners. A valid and
reliable instrument would also allow the evaluation of
treatment in individual musicians and a comparison of the
effects of different therapeutic and/or pedagogical brass
playing methods.

A limitation of the present study is that it probably did
not include all relevant literature. Due to the difficulties of
finding the relevant literature in a systematic search, we
had to overcome this limitation and to minimize the risk
of missing relevant literature via the process of critical
feedback. We consider the risk of major bias in the final
conclusions in this paper due to this approach to be small.
The conclusions of this paper should be regarded as expe-
rience-based (level III, mechanism or expert-based reason-
ing),”” which is the lowest level of evidence.

CONCLUSION

This article provides an overview—based on an extensive
though non-systematic literature search, clinical experi-
ence, and elite brass-playing experience—of what is known
about embouchure, its underlying physics, body structures
and functioning, and assessment. A new definition is pro-
posed. Embouchure should be regarded as a multi-dimen-
sional construct. Future assessment of embouchure should
include the measurement of all relevant dimensions. No
clinical measurement tool is currently available to assess
embouchure in a valid and reliable way.

Based on the content of this paper, an observation-
based assessment, the Classification, Observation and
Diagnosis of functional or dysfunctional embouchure and
Evaluation of treatment (CODE of embouchure) will be
developed and subsequently tested for its construct and
content validity and reliability.

In the process of our discussions, receiving feedback and separating
myths from facts, it was of crucial help (level I1I: based on expert opin-
ion)77 for the ecological validity of this study that author H.B., as an
elite brass player, contributed his specific practical expertise.

A preliminary version of this paper was submitted to a panel of 28
worldwide experts in the field of embouchure (scientists, acousticians,
music medicine practitioners, and internationally high-ranking wind
instrument performers) to invite feedback about the definitions and
argumentations. Due to lack of time, 4 panel members were unable to
participate. The authors thank Line Atsma, Brandt Attema, Patrice
Berque, Erik Bosgraaf, Prof. Matthias Bertsch, Prof. Matthias Echter-
nach, Anncristine Fjellman-Wiklund, Rene Henket, Andre Heuvel-
man, Mariko Hattori, Wieke Karsten, Rob van der Laar, Jan de Laat,
Gerdien Lindeboom, Johan van der Linden, Saskia Laroo, Jaume
Rosset i Llobet, Herman Nijkamp, Michel Ricquier, Boni Rietveld,
Sophia Schambeck, James Shepard, Denis Wick, and David Wilken
for their critical review and comments on the content of this paper.

The authors also thank Inge Westerhof (from Illustrations Arts
Design Leeuwarden) and Teije Blaauw for the illustrations, and Ruti

Schwartzenberg for English grammar correction. <AU: pls check Wik-
lund spelling>

REFERENCES

1. Steinmetz A, Stand A, Kornhuber M, et al. From embouchure
problems to embouchure dystonia?: a survey of self-reported
embouchure disorders in 585 professional orchestra brass play-
ers. Int Arch Occup Environ Health. 2014;87(7):783-92. doi:
10.1007 /s00420-013-0923-4.

2. Sataloff RT, Brandfonbrener AG, Lederman R], eds. Performing
Arts Medicine, 3rd ed. Narberth, PA: Science & Medicine; 2010.

3. Chesky K, Devroop K, Ford ] IIl. Medical problems of brass
instrumentalists: prevalence rates for trumpet, trombone,
French horn, and low brass. Med Probl Perform Art. 2002;17:93—~
8.

4. Reinhardt DS. Encyclopedia of the Pivot System for All Cupped
Month Piece Brass Instruments, a Scientific Text. New York: Charles
Colin; 1973.

5. Wilken D. Wilktone [internet]. 2015. Available from: http://
www.wilktone.com /?p=12.

6. Elliot S], Bowsher JM. Regeneration in brass wind instruments.
J Sound Vibr. 1982;83:181-217.

7. Leno M. Lip vibration of trombone embouchures [internet|.
1980 [updated 2015]. Available from: http://www.wilktone.
com/?p=12"\t"_blank”.

8. Ford J Ill. A scientific characterization of trumpet mouthpiece
forces in the context of pedagogical brass literature [thesis].
Texas; 2007. <AU pls give univ name, city>

9. Iltis PW, Frahm ], Voit D, et al. High-speed real-time magnetic
resonance imaging of fast tongue movements in elite horn play-
ers. Quant Imag Med Surg. 2015; 5:374-81.

10. Iltis PW, Schoonderwaldt E, Zhang E, et al. Real-time MRI com-
parisons of brass players: a methodological pilot study. Hum Mov
Sci 2015; 42:132-45.

11.  Bertsch M, Hoole P. Tonguing on brass instruments - high speed
visualization and benchmarks of fastest tempi. Presented at
International Symposium on Musical Acoustics, July 7-12, 2014,
Le Mans.

12. Heuser F, Jill L, McNitt-Gray. Enhancing and validating peda-
gogical practice: the use of electro-myography during trumpet
instruction. Med Prob Perform Arts. 1998; 13:155-9.

13. Boschma H. X-ray and MRI-brass playing [internet]. Steenwijk,
the Netherlands, updated 15 July 2015. Available from:
http: / /www.embouchure. nl/?section=read&hoofdstuk=44&
paragraaf9%20=1.

14. Fishbein M, Middlestadt S, Ottati V, et al. medical problems
among ICSOM musicians: overview of a national survey. Med
Probl Perform Art. 1988; 3:1-8.

December 2016 227



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

Brandfonbrener AG. History of playing-related pain in 300 uni-
versity freshman music students. Med Probl Perform Art.
2009;24:30-6.

Howard JA. Temporomandibular joint disorders, facial pain,
and dental problems in performing artists. In Sataloff RT,
Brandfonbrener AG, Lederman RJ, eds. Performing Arts Medi-
cine, 3rd ed. Narberth, PA: Science & Medicine; 2010.

Fry HJ. The treatment of overuse syndrome in musicians: results
in 175 patients. J R Soc Med. 1988;81:572-5.

Hoppmann RA. Musculoskeletal problems of instrumental
musicians. In Sataloff RT, Brandfonbrener AG, Lederman R]J,
eds. Performing Arts Medicine, 3rd ed. Narberth, PA: Science &
Medicine; 2010.

Spahn C, Richter B, Altenmiiller E, eds. MusikerMedizin, Diag-
nostik, Therapie und Prdvention von musikerspezifischen Erkrankun-
gen. Stuttgart: Schattauer; 2011.

Heming MJE. Occupational injuries suffered by classical musi-
cians through overuse. Clin Chiropract. 2004;7:55-66.

Bejjani FJ, Kaye GM, Cheu JW. Performing artists” occupational
disorders and related therapies. In DeLisa JA, Gans BM, eds.
Rehabilitation Medicine. Philadelphia: Lippincott; 1998: pp1627—
59.

De Vet HCW, Terwee CB, Mokkink LB, Knol DL. Measurement
in Medicine, 3rd ed. New York: Cambridge Univ. Press; 2014.
Bianco T, Freour V, Cossette I, et al. Measures of facial muscle
activation, intraoral pressure and mouthpiece force in trumpet
playing. ] New Music Res. 2012;41:49-65.

Woldendorp KH, Lemstra M, Boschma H, et al. The role of
embouchure-related body structures in brass playing [poster].
Presented at: The Amazing World of Embouchure, Breath Sup-
port and Singing, 2 Nov 2013, Beetsterzwaag, Revalidatie Fries-
land, The Netherlands.

Woldendorp KH, Lemstra M, Boschma H, et al. Discussion
towards a consented definition of embouchure and enbouchure
[poster]. Presented at: The Amazing World of Embouchure,
Breath Support and Singing, 2 Nov 2013, Beetsterzwaag, Revali-
datie Friesland, The Netherlands. <AU consented? right word?>
Dana P. Orofacial problems. In: Tubiana R, Amadio PC, eds.
Medical Problems of the Instrumentalist Musician. New York:
Informa Healthcare; 2009: pp467-89.

Frucht SJ. Embouchure dystonia—portrait of a task specific cra-
nial dystonia. Mov Dis. 2009;24:1752-62.

Papsin BC, Maaske LA, McGrail JS. Orbicularis oris muscle
injury in brass players. Laryngoscope. 1996;106:757-60.

Porter MM. The embouchure and dental hazards of wind instru-
mentalist. Proc R Soc Med. 1973;66:1075-8.

Potter NL, Johnson LR, Johnson SE, VanDam M. Facial and lin-
gual strength and endurance in skilled trumpet players. Med
Probl Perform Art. 2015;30:90-5.

Satoh M, Narita M, Tomimoto H. Three cases of facial
embouchure dystonia: classifications and succesfull therapy
using a dental splint. Eur Neurol. 2011;66:85-90.

Yoshikawa S. Acoustical behaviour of brass player’s lips. J
Acoust Soc Am. 1995;97:1929-39.

Boschma H. Introduction: Embouchure definition [presenta-
tion]. Presented at: The Amazing World of Embouchure, Breath
Support and Singing, 2 Nov 2013, Beetsterzwaag, Revalidatie
Friesland, The Netherlands.

Bate P. Acoustics. In: The Trumpet and the Trombone: An Outline of
their History, Development and Construction, 2nd ed. New York:
Ernest Benn and WW Norton; 1978: pp1-39. <AU: give editors’
hame>

Benade AH. The brass wind instruments. In: Benade V, ed. Fun-
damentals of Musical Acoustics, 2nd ed. New York: DoverPubl.;
1990: pp391-429.

Msallam R, Dequidt S, Caussé R, Tassart S. Physical model of
the trombone including non linear effects: application to the
sound hypothesis of loud tones. Acoustica. 2000;86:725-36.

228 Medical Problems of Performing Artists

38.

39.

40.

41.

42.

43.

4.
4.
46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

517.

58.

59.

60.

61.

62.

Hirschberg A. Modeling of wind instruments. Submitted 2016.
<AU: pls update>

Kausel W. Studying lip, oscillators of brass instruments: a distrib-
uted two dimensional lip model and its electrical equivalent cir-
cuit. In Proceedings of the SMAC. Stockholm; 2003: pp205-8.
Gilbert ]. Sound mechanisms of brass instruments: last 20 years
results [internet]. Available at: www.researchgate.net/publica-
tion /255025901 Sound mechanisms of brass instruments:feb
.10,2015. <AU: pls cite original source>

Fabre B, Gilbert ], Hirschberg A, Pelorson X. Aeroacoustics of
musical instruments. Annu Rev Fluid Mech. 2012;44:1-25.
Helmholtz H. On the Sensation of Tone, 1860. New York: Dover;
reprint 1954.

Boschma H. Leren Spelen op Koperen Blaasinstrumenten. Leeuwar-
den, the Netherlands: De Tille BV; 1977.

Gilbert J, Bromage S, Campbell M. Influence of the open area of

a player’s lips on brass instrument. In: Proceedings of the Forum
Acusticum, Budapest, 2005. Available at: www.fa2005.org.
Richardson EG. Edgetones. Proc Phys Soc. 1931;43:394-404.
Powell A. On the edge tone. J Acoust Soc Am. 1961;33:395-409.
Wright HAK, Campbell DM. The influence of the mouthpiece
on the timbre of cup-mouth piece wind instruments. In: Proceed-
ings of the International Symposium on Musical Acoustics. Leaven-
worth, KS: 1998: pp159-64.

Farkas P. The Art of Brass Playing: A Treatise on the Formation and
Use of the Brass Player’s Embouchure. Atlanta: Wind Music/TAP
Publ.; 1962.

Cullen ], Gilbert ], Campbell MCW. Brass instruments: linear
stability analysis and experiments with an artificial mouth.
Acoustica. 2000;86:704—24.

Schwab B, Schultze-Florey A. Investigations into intraoral pres-
sure in woodwind and brass musicians. Musikphys Musikermed.
2004;11:183-94.

Newton M, Gilbert ], Campbell MCW. Mechanical response
measurements of real and artificial brass player’s lips. J Acoust
Soc Am. 2008;123:14-20.

Berkovitz BKB, Holland GR, Moxham BJ. Textbook of Oral
Anatomy. London: Wolfe Medical Publ. Ltd; 1978.

Spalteholz W. Atlas der Anatomie des Menschen, 13th ed. Hirzel:
Leibzich; 1933.

Tittel K. Beschreibende und functionele Anatomie des Menschen, 3rd
ed. Stuttgart: G. Fischer Verlag; 1981.

Adachi S, Sato M. Trumpet sound simulation using a
two dimensional lip vibration model. ] Acoust Soc Am. 1996;
99:1200.

Campbell M, Greated CA. The Musician’s Guide to Acoustics.
New York: Schirmer; 1987.

Wolfe ], Fletcher NH, Smith ]. Effect of vocal tract resonances
on the sound spectrum of the saxophone. Acta Acust United
Acoust. 2015;101:211-23.

Boutin H, Smith ], Fletcher N, Wolfe J. Relationships between
pressure, flow, lip motion, and upstream and downstream
impedances for the trombone. J Acoust Soc Am. 2015;137:1195—
209.

Stevenson S, Campbell MCW, Bromage S, Gilbert ]. Motion of
the lips of brass players during extremely loud playing. J Acoust
Soc Am. 2009;125(4):EL152-7. doi: 10.1121/1.3089733.

Farkas P. A Photographic Study of Forty Virtuoso Horn Players’
Embouchure. Bloomington, IN: Wind Music, Inc; 1970.

Frahm ], Iltis P, Altenmiiller E, et al. Horn excercises, the inside
story [internet]. Gottingen, updated 20 May 2015. Available at:
http:/ /www.biomednmr.mpg.de. <AU: give publ or website
hame>

Bromage S, Campell MCW, Gilbert J. Open areas of vibrating
lips in trombone playing. Acta Acust United Acoust. 2010;96:603—
13.

Porter MM. Dental problems in wind instrument playing: pt 1-
12. Br Dent J. 1967;123(9):441-3 to 1968;124(6):271-4. <AU: pls




63.

64.

65.

66.

67.

68.

69.

70.

71.

check volume/issue/page nos>
Boschma H. Playing arpeggio and discussion. Steenwijk, the

Netherlands:  updated  11-Aug-2015.  Available from:
http:/ /www.embouchure.nl/?section=read&hoofdstuk=24&
paragraaf=5.

Hatori M, Sumita YI, Taniguchi H. Influence of changes in the
oral cavity on the performance of recorder players: a pilot study.
J Prosthet Dent. 2014;111:425-9.

Li W, Almeida,Smith ], Wolfe ]J. Tongue control and its coordi-
nation with blowing pressure in clarinet playing. Presented at
International Symposium on Musical Acoustics, July 7-12, 2014,
Le Mans: pp541-6.

Iltis PW, Frahm ], Voit D, Jet al. Divergent oral cavity motor
strategies between healthy elite and dystonic horn players. J] Clin
Mov Dis. 2016;2:15.

Fritz C, Wolfe ]. How do clarinet players adjust the resonances
of their vocal tracts for different playing effects? J Acoust Soc Am.
2005;118:3306-3315.

Rydell R, Karlsson M, Milesson A, Schalén L. Laryngeal activity
during wind instrument playing: video endoscopic documenta-
tion. Logop Phon Voc. 1996;21:43-8.

Mukai MS. Laryngeal movement while playing wind instru-
ments. Presented at: Proceedings of the International Sympo-
sium on Musical Acoustics, Tokyo, Japan, 1992: pp239-42.
Chen JM, Smith ], Wolfe J. Do trumpet players tune resonances
of the vocal tract? ] Acoust Soc Am. 2012;131:722-7.

Pessa JE, Zadoo VP, Adrian EK, et al. Variability of the midfacial

72.

75.

76.

71.

muscles: analysis of 50 hemifacial cadaver dissections. Plast
Reconstr Surg. 1998; 102:1888-1893.

Borchers L, Gebert M, Jung T. Measurement of tooth displace-
ments and mouthpiece forces during brass instrument playing.
Med Eng Phys. 1995;17:567-70.

Rosset i Llobet . How to play brass; facts and myths [presenta-
tion]. Presented at: The Amazing World of Embouchure, Breath
Support and Singing, 2 Nov 2013, Beetsterzwaag, Revalidatie
Friesland, The Netherlands.

Rietveld ABM, Kersing W. Stroboscopic embouchure study [pre-
sentation). Presented at: The Amazing World of Embouchure,
Breath Support and Singing, 2 Nov 2013, Beetsterzwaag, Revali-
datie Friesland, The Netherlands.

Tysom JR, Kangaonkar R. ENT: An Introduction and Practical
Guide. London: Hodder and Arnold; 2012.

World Health Organization. The International Classification of
Functioning, Disability and Health. Geneva: WHO; 2008.
OCEBM Levels of Evidence Working Group. The Oxford 2011
Levels of Evidence. Oxford, UK: Oxford Centre for Evidence-
Based Medicine; 2011. Available at: http:/ /www.cebm.net/
index.aspx?0=5653.

<AU: pls add DOI numbers for all refs>

Accepted 14-June-2016.
Published online 1-Dec-2016
http:/ /dx.doi.org/10.21091 / mppa.2016.4038

December 2016 229


https://www.researchgate.net/publication/311552654

