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The purposes of this study are to identify and describe
the function and control of facial muscles as related to
sound ﬁroduction on brasswind instruments, to explore elec=~
tromyographic theory and techniques with particular regard
to the function and control of facial muscles, to identify
hasic theories of embouchure among brasswind teachers and
performers, to deyalop a theory of bfasswind embouchure based
upon the preceding factors, and to propose recommendations
with regard to brasswind pedagogy.

Existing theories of embouchure were investipated by
reviewing the extensive brasswind pedagogical literature,
and by interviewing teachers representing two widely differ-
ing views.

Flectromyographic kinesiology of facial mugcles was in-
vestigated as follows: a description of facial muscles was
formulated by collating anatomy books; related electromyo=
graphic literature was reviewed; amentrOmy@graphic recordw-

ings of facial muscles during the performance of various
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facial muscle tasks and during brasswind performance were
made using indwelling fine-wire electrodes.

The following fundamental questions were raised: (L)
What are the elements of brasswind embouchure, and what is
the effect of each upon performance? (2) Is there a single
embouchure mode which may be considered most efficient, and
if éo, what facial muscles are involved, and how may they
be trained?

Based upon all of the above, the following theory of
embouchure is advanced: There is a single embouchure mode
wiich is most efficient for all brasswind players, on all
brasswind instruments. The term efficient refers to the
minimal expenditure of energy consistent with the ends to
be achieved, A rationale is presented supporting the fol-
lowing facial-muscle-and-jaw posture and facilal muscle
activity pattern as most efficient in brasswind embouchure:
The mandible.is positioned s0 that the incisal teeth edges
are vertically aligned during performance throughout the en-
tire range of the instrdment, with' 1/4 inch basic aperture
between the upper and lower‘incisal teeth; veftically, the
modioli remain in their natural resting positicn; horizone
tally, they remain either in their natural resting.position
or are moved medially,_the upper and lower lips touch Op=
posit@ the center of the teeth aperture, 1nVert1ng slightly,
but not cr0881ng the inclsal teeth edges; the mouthpiece

inner‘edge rests above the red of the upper lip,
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approximately centered vertically opposite the lip aperture,
and is centered horizontally opposite the largest part of
the incisal aperture; mouthpieée pressure is greatest near
the midline of each lip, and is &istributed slightly more
to the bottom lip; the modioli are fixed vertically by the
levator anguli oris (LAO) muscles and their anfagonists, the
depressor anguli oris (DAO) muécles; horizontally.the modioli
are poéitioned by the incisive, LAO, and DAO muscles and
their antagonists, the buccinator muscles; the zygomaticus
major, platysma, risorius, quadratus labii superioris, and
quadratus labii inferioris mu§cles remain relaxed at all
times; the mentalis muscle is‘slightly to moderately active
involuntarily; the lips touch and invert by combined action
of the buccinator and compressor labii muscles, assisted by
LAO and DAQ; postural changes during performance include
modifying slightly the size of the inclsal aperture and the
amount of red-lip inversion; contraction in the active mus-
cles above increases directly with 1lip v1brational frequency
and- tonal 1ntensmty. .

| Impllcatlons for brasswind pedagogy are dis cusséd in
relation to advisement concerning selection of ingtfument
type, training optimum embouchure at beglnning throuph ade-
vanced levels of performance, and’ remedmal work. _‘”'

. _1"_ .
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Tanner (29, p. 50), for example, interviewed one hundred
teachers of trombone at American colleges and conservatories
anc found a prevailing attitude toward building the breath-
ing process and letting embouchure take care of itself.

This attitude is alse common among professional players, who
ofter have been fortunate enough to solve embouchure problems

without giving nmuch thought %o the processes involved.

Faulkner (7, p. 299) tells of asking Harry Glantz, first
trumpeter of the NBC Symphony under Toscanini, to describe
his eubouchure, He replied, "I just screw up my lips and
blow."

This attitude is not shared by all. Many brasswind
pedagogists believe the teaching of embouchure to be the most
acute problem they face., However, a lack of adequate equip=-
ment and investigative techuiques seems to have beern one
deterent to continued research in this area of concern,

Developments 1in two areas of medical research have
opened the possibility that such techniques are not availe
able: (1) slectromyography, which provides information comnw
cerning the elecirical activity in muscles; and (2) thermo=-
grapiy, which gives measurements of minute temperature
changes in segments of the body. In this study, inguiry
is made councerning the feasibility of employing electro-
myographic thecry and techniques to elucidate brasswind

gwmbovchurs.,



Statement of the Problem
The problem is a study of (A) facial muscle function
and control, (B) electromyographic kinesiology, and (C)

brasswind embouchure pedagogy.

Purposes of the Study

The purposes of this study are to

A, Identify and describe the function and control of
facial muscles related to the production of sound on brass-
wind instruments,

B, Explore electromyographic theory and techniques
with particular regard to the function and control of facial
muscles.

Ce Identify basic and accepted theories of brasswind
embouchure among teachers and performers on brasswind
instruments,

Ds Develop a theory of the function and control of the
embouchure in sound production on brasswind instruments
based upon electromyographic theory and techniques.

E, Propose recommendations with regard to brasswind

Pedagosy.

Fundamental Questions
Fundamental questions to be considered in this study
include
1, What are the elements of brasswind embouchure, and

what is the effect of each upon brasswind performance?
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2. Is there a single embouchure mode which may he con-
sidered most efficient for all brasswind players on all
brasswind instruments?

3« If there is a single optimum mode of embouchure,
what are its physiological and kinesiological characteristics?
What facial and jaw muscles are involved, for what purposes,
and to what extent?

4e If there is a single optimum mode of embouchure,

how may it be trained?

Definition of Terms

le The term kinesiology is a combination of two Greek

verbs, kinein, meaning to move, and logos, to discourse.
Kinesiologists~-~those who discourse on movement--in effect
combine anatomy, the science of structure of the body, with
physiology, the science of function of the body, to produce
kinesiology, the science of movement of the body (5, pe 21).

2+ Electromyography is the recording of muscle potenw

tial, or the electrical activity within a given nmuscle or
group of muscles. When a muscle contracts, an electrical
impulse spreads from that muscle to the skin, The activity
can be measured by inserted electrodes (needle or wire
electrodes inserted into the muscle fibers) or by surface
electrodes (electrodes at the skin)., The total amount of
voltage varies with the number of muscles contracting simule

taneously -~the more fibers contracting, the greater the
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veltage., "Electromyography i1s unique in revealing what a mus-
cle actually does at any moment during various movements and
postures. Moreover, it reveals objectively the fine inter-
play or coordination of muscles" (2, pe. 22).

5+ Facial muscles included in this study refer only to

the muscles intrinsic to the upper and lower lips, and all
muscles inserting into the lips.

4e Lip vertical mass includes the amount of lip be-

tween the tip of the vibrating area where the lips touch as
a part of the vibration cycle, and the point in a vertical
direction where the vibrating area of each lip ends.

5« The term embouchure refers to the lip technique

involved in producing and controlling sound on brasswind ine-
struments. It will not preclude the effects of such con-
tributing factors as breath pressure, tongue, and Jaw
setting; but it will emphasize the function of the facial

muscles in the playing of brasswind instruments,

Review of Literature
Recent utilization of modern technology has precipitated
more objective inquiry into the various physiological activi-
ties associated with brasswind performance. For example,
breath support has been critically analyzed, and the findings
have shown much of the pituresque language on this subject’
appearing in teaching texts and journal articles to be

erronecus. The term diaphramatic support has taken on =




different meaning, as actions of the diaphragm, abdominal,
intercostal, and other muscles of respiration have been
studied scientifically (2, 4, 5, 6, 7, 8, 27). In addition,
oral adjustments during brasswind performance have come under
scientific study (1, 13, 14, 22),as actions of the mandible,
tongue, and pharynx have been described through use of radic-
graphic, fluoroscopic, and ¥~ray techniques. Neagurements of
heart volume and rate (10), interthoracic pressure (8), and
blood gases (9) during brasswind performance have been made,

Scientific studies describing lip vibrations during
brasswind performance (15, 16, 21) have produced considerable
information regarding lip activity while playing. These
studies bear indirectly upon brasswind embouchure, showing
particularly that the lips touch as a part of their vibration
cycle. However, no knowledge has been advanced concerning
those embouchure factors which cause the lips to touch or
to vibrate in the manner described.

Howhere in the literature could a critical study of
embouchure be found, Furthermore, a survey of anatomy books'
(11, 25, 26, 33) showed that ordinary descriptions of facial
muscles provided little aid for understanding what muscles
are active in embouchure, Also, it was found that studies
of normal facial muscle kinesiology were rare (3, 18); no

studies were concerned with facial muscle kinesiology as

applied to embouchure.



If accurate, detailed information concerning the funce
tion and controi of facial muscles can be obtained, perhaps
many of the misconceptions and contradictions found in brasse-
wind playing and teaching can be resolved. These contrae-
dictions may be found in every aspect of brasswind
embouchures A survey of brasswind literature, to be dis-
cussed in detail in Chapter 4, shows that there are widely
varying opinions concerning the placement of the lip corners,
the amount of tension in the lips, the location of tension,
the relationship of the chin to embouchure, the location of
the lower lip horizontally, the amount of 1ip compression,
and the movement of the lips.

The great controversies in embouchure center on
the extreme high range, especially on trumpet. Most players
have very little trouble with the middle and low ranges, but
they experience some difficulty in nastery of the high
register; and they are unable to manage the extreme high
range without undue mouthpiece pressure, which is damaging
to the lips. Teachers at the college level usually dis-
courage their students from working in the extreme upper
range, considering it more a detriment to normal perform=
ance than a desirable goal. Many believe (30, pe. 338) that
"high note" players are "born not made," and that different
embouchure control is needed for the extreme high register
than for ordinary playing, 'However, some noted writers

disagree, offering the highest register to all who follow



the particular approach to embouchure advocated by them (21,
Pe 28). Instructions in such texts are often cryptic, how-
ever, and take on different meanings for different readers.
Communication suffers for want of a clear, precise vocabu-
lary describing the components of embouchure, their func-
tion and countrol,

Basic scientific study of brasswind embouchure is needed
if these confusions and contradictions are to be resolved.
Such study must be concerned initially with two principal
considerations: (1) anatomical, identifying the facial and
Jaw muscles involved; and (2) kinesiological, identifying
the amount of involvement of each muscle in brasswind em-
bouchure, and the timing or pattern of muscular activity.
These anatomical and kinesiological considerations must be
welghed in terms of brasswind performance factors, such as
tone quality, pitch, and dynamic range, flexibility, control,
and endurance., This inevitably involves musical value
judgments, which are highly subjective in nature, but which
also involve efficiency factors, which can be approached

objectively. The term efficiency refers to the minimal

expenditure of energy consistent with the ends to be achieved
(20, p. l24). Probably some facial muscles are not used in
brasswind performance when the embouchure is functioning in

a most efficient manner. If this is true, training for
efficiency must involve the isolation of the correct muscles

at the appropriate level of activity.



Few studies were available which were related to the
normal kinesiology of facial muscles, Scientific discussion
of embouchure must start by ildentifying the facial nmuscles
involved, and by seeking kinesiclogical information concern-

ing the involvement of these muscles as priwe movers, sSynere
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sists, stabllizers, and antagonists. Electromyography has

e}

rovided the best approach to such study in other nuscles.
There is some question councerning the possible effece-
tiveness of electromyographic techniques in the study of
facial muscles., Long (19) is not sure that electromyo-
graphy can give the information needed, and Moldaver (23)
doubts that a study of the kinesioclogy of facial muscles is
feasibvle, In contrast, Basmajian (2, p. 3%4) discusses the
need for electromyographic study of the facial muscles; this

interest has led to his cooperating in the present study.

Procedures

The following procedures were used in this study:

1. An extensive review of the literature was made to
determine those aspects of brasswind embouchure needing
critical study. Attention was focused particularly upon
areas where empirical views were most divergent,

2e Interviews were held with certain brass teachers
representing two widely differing views on the subject of
brasswind embouchurs, A description of these views may be

found in the Appendix, followed by a listing of guestions
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raised. Two authorities representing each view were inter-
viewed, including John J. Haynie, Professor of Trumpet,
North Texas State University, representing method number
one, and Roy Stevens, Costello Studios, New York City,
representing method number two. Two additional teachers
were guestioned,as recommended by Mr. Haynie and
Mr. Stevens.
S Electromycgraph;c theory and its possible use in
a study of the kinesiology of facial muscles as used in
brasswind embouchurewere investigated as follows:
a. A detailed description of facial muscles was
formulated by collating materials from certain leading
anatomy texts,.
b. Literature in the area of electromyography was
reviewed, and a summary of electromyographic theory
Presented,
¢ Electromyographic recordings of facial muscles
during the performance of various facial muscle tasks
and during brasswind performance were made. f(hese re-
cordings were made at Emory University Regionél Rehabil~
itation Research and Training Center, Atlanta, Georgia,
with the advice and assistance of J. V. Basmajian,
Director of the Center.)

d., Fundamental questions were developed which served

as the groundwork for a theory.
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4o A theory of brasswind embouchure function and con-
trol was propounded,

5« Recommendations for brasswind pedagogy, based upen

findings in the study, were made.
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CHAPTER II
MUSCULAR STRUCTURE AND ACTION

Muscles supply the force for moving, or holding ime
mobile, segments of the body. They do this by virtue of two
characteristics: (1) their unique ability to contract, and
(2) their attachment to bone or other tissue. The term
voluntary is frequently used in classifidatian of muscles;
but the description is merely a convenient convention
applied to muscles that take part in movements made of one's
own free will., The will orders a movement but does not
ordinarily select the muscles required, nor alfer the
definite order in which their activity performs the move-
ment (17, p. 150). |

The basic function of muscle is to convert electro-
chemical energy into mechanical energy, a process that has
been described in detail by bilochemists and need not be
discussed here., However, for the reader with limited backe
ground in human anatomy and kineéiology, certain information
concerning the structure and action of muscles should prove
ugeful throughout this study.

Muscle tissue is composed of bundles of individual-

cells known as muscle fibers, of highly elaborate structure.

15
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These fibers are thread-like, less than 1/1000 of an inch
wide, and from 0.1 to 4,0 cm. long (6, p. 119). Because of
this short length, muscle fibers rarely, if ever, run the
entire length of a muscle, but rather form overlapping re=
lays (6, ps 1l24). Muscle fibers occur in groups known as
faséiculi, or small bundles, the number of fibers per bundle
being variable. "Each bundle is surrounded by fibrous tissue
which separates it from the others. These groups constitute
the nmuscles as we see them grossly.

Bach muscle is provided a motor nerve which branches
out to brisg all parts of the muscle under its control
(6, pe 120)s A single motor nerve fiber innervates a number
of muscle fibers. It has been found that muscles performing
delicate movements have a small number of muscle fibers per
nerve fiber, as few as three in some instances (4, pes 64).

A motor nerve fiber with the muscle fibers it innervates is
called a motor unit, consisting of anywhere from three to
hundreds of muscle fibers, all stimulated by a motor nerve
fiber, and all contracting when a stimulus occurs.

An individual is endowed at birth with a fixed number of
muscle fibers which cannot be increased. Even the largest
bundles of these fibers are quite small, In producing
movement a muscle may contract to approximately one half
its lengthj or where no movement occurs, it may be in a

full state of contraction without changing length., The
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terms contraction and tension are used synonymously, whether
shortening occurs or not,

Dynamically, a muscle only contracts or relaxes. A
brief twitch (contraction) occurs when a nerve impulse
reaches a muscle'fiber, and the contraction is followed
by rapid and complete relaxation., The duration of this
twitch is from one to four milliseconds (4, p. 12), during
which time & minute elecirical potential is generated which
dissipates into the surrounding tissues. Such electrical
activity in living tissue 1s related to the existence of
polarized membranes at the cellular surfaces, the resting
electrical charges being positive on the external surface
of the muscle fiber and negative on the inner surface.
When the fibers are activated, these charges are reversed,
producing an electrical current {33, pe 49).

A1l the muscle fibers of a motor unit do not contract
at exactly the same time, although they respond as a unit,
Some are delayed for several milliseconds, prolonging the
electrical potential developed by a single twitch of all
the fibers in the motor unit to about five to twelve milli-
seconds, The electrical result of the motor unit twitch,
then, is an electrical discharge with a median duration of
nine milliseconds and a total amplitude measured in micro-

volts (4, p. 12). The majority of these motor unit po=

tentials is around 500 microvolts,
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A steady muscular contraction is achieved my many
scattered motor units within a muscle contracting repeat-
edly and asychronously. The upper limit frequency at which
a nerve nmay send impulses to a motor unit is usually below
fifty per second, If stimull arrive close together, the
twitches of a motor unit tend to fuse somewhat, producing
a higher force. If stimuli arrive fast enough, fusion of
twitches becomes complete, giving a sieady maximum force
typically four times that of a single twitch maximum (L,

Poe Gl ) e

A muscle can act either as a whole or by parts; there=-
fors, a total or partial movement of any one muscle nay
occur. Muscular strength is dependent primarily on the num-
ber of motor units employed in a given task and on the fro=
guency of their contraction, The larger the number of motor
units and the greater thelr frequency of discharge, the
greater the force generated. Gfficiency factors are also
of importance. The optimum angle of pull for any muscle is
a right angle (6, p. 122), and as a muscle approximates
this angle, it becomes more efficient., Coanversely, as the
angle hecomes more obtuse, the muscle becomes less efficient.
A muscle, then, is weakest when at maximum length and be-
comes stronger as 1t shortens to form approximately a right
angle, Stated yet another way, a muscle stretched from its
resting length performs less efficiently than when at its

resting length or shorter.
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Another factor in muscular strength is the cross-sec-
tional measurement of muscle fibers. The greater the area
of cross section of individual fibers, the greater the force
exerted during contraction., This cross-sectional area can
be increased through appropriate exercise.

Range of movement is dependent upon the length of the
muscle fibers involved; the longer the fibers, the greater
the range of movement available. Where range of movement
required is short, and power needed, Nature provides numerous
short fibers; for wide range of movement without need for
strength, long but fewer fibers are supplied.

When a muscle contracts, its fibers not only well, but
become harder. A muscle, then, is active when it hardens
(5, ps 95)e A rela#ed muscle fiber offers resistance to
forces that stretch it, due to its viscous and elastic
properties.

Two terms, isometric and isotonic, are often used to
describe muscular action, the former meaning equal length,
the latter, equal tension., During isometric contractien
there is no gppreciable change in the length of muscle
fibers as the tension increases. During an isétonic CONm
traction, the tension remains somewhat comstant as the
muscle shortens, mechanical advantage or efficiency factors
causing some alteration in the tension,

Muscles are named according to various characterigtics,
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including their shape, size, location, and known or presumed
action, Anatomically, it is of interest to determine the
origins and insertions of muscles, the origin often being
the more fixed point; the insertion, the more mobile. How-
gver, these roles may bve reversed in different sctions, so
that it is less confusing in some instances to label both
merely as attachments. The most important feature of a
muscle, its action, may roughly be Judged by approximating
the two attachments, However, this Jjudgement does not take
into account the interaction ¢f that muscle with other muscles.
Muscles are also described according to their role in a
particular movement., A muscle ordinarily does not act alone;
rather, its activity is usually coordinated with that of
other muscles, Such terms as prime wover, antagonist,
fixator, and synergist are used in defining the particular
role a muscle plays in a given movement., Prime movers are
the principal muscles actively producing a movemsnt. An-
tagonists are capable of preventing or reversing a particular
movenent, or may regulate its power and speed. Fixation
muscles steady one part, thereby providing a firm base for
movement executed by other muscles, Synergist muscles aid
the prime movers, preventing unwanted action of the prime
movers. Actually, this latter term is rather broad and
overlaps to some extent the function of the fixation and
antagonist muscles. A muscle may be a prime mover in one

situation, an antagonist in another,
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The preceding terms are not completely standardized in
their usage, allowing for some confusion in describing the

roles of muscles. Some authors (4, p. 87; 17, pe 150) be=

lieve that the term antagonist, for example, is a poor
c¢hoice because the antagonisis actuﬁlly asslst in a movement
by relaxing as the prime mover contracts, According to
lockhart (17, p. 150), the stronger the action of prime-
movers and the greater the resistance they encounter, the
more relaxed are the antagonists. When the prime movers are
engaged in a careful precise movement, the antagonists are
relaxed but ready to steady or moderate the movement almost
as a guy rope. In isometric contraction, both prime movers
and antagonists may act at the same time under the will,

Basmajian (4, p. 86, 88) states that the rule is for the
antagonists to relax., Further, there is evidence that
activity of antagonists'in some movements is a sign of
nervous abnormality, or, in the case of fine movements
requiring training, a sign of ineptitude. Reducing or
eliminating unneeded synergisi muscle activiiy is an important
feature of training.

The ‘word tone (or tonus) is used in evaluating the con=-
dition of mugculaf tissue, There has been a misconception
that a muscle at rest preserves a certain firmness known as
Utone," brought about by a small amount of neuromuscular
activity. The usual definition of tone should be modified

to state that the general tone of a muscle is determined
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both by the passive elasticity or turgor of muscular tissues
and by the active (though not continucus) contraction of
the muscle in response to the reaction of the nervous sys-
tem to stimuli (4, p. 71). Muscles develop increased tonus
through exercise.

Certain muscles can be shortened by exercise‘within a
limited range of movement (25;'p¢ 57)e When a muscle is '
habitually held and used in a shortened position, the muscle
will shorten in time and accommodate itself to the new
length with restoration of normal tone; the joint affected
will then have a new resting position., This implies, of
course, that the antagonist muscle group will be corres~
pondingly stretched, and that it will accommodate itself
to the new length and re-establish its normal tone.

A muscle, therefore, can be modified or improved
according to the manner in which it has been used, Obviously,
such factors as efficiency, frequency, and appropriateness of
activity affect the development of muscles.

Earlier it was stated that the will orders a movement
but ordinarily cannot selecit the muscles required. This
would appear to confirm the belief, held in the past by neuro-
logists, that the human brain can "think" or "“picture" only
movenents of Joints--that it cannot consdiously call upon
isolated contraction of specific muscles. However, Scully
and Basmajian (27, p. 480) have shown that 80 per cent of

normal people, provided with audio-visual electromyographic
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feedback, can recruit single motor units in isclation while
consciously inhibiting all the neighboring units., This can
be done with very little difficulty, within fifteen minutes,
and even by two-year-old children (ll,’p. 66)e With gdd-
tional training, a normal person can maintain motor units in
regular isolated activity, manipulate the frequency of

motor unit discharges at will, and even produce specific
rhythms of single motar‘unit activity such as drum cadences
(27, Pe 625). Such fine control can be maintained not only
while the body is relaxed, but also during distractions pro-
duced by voluntary movements elsewhere in the body, and with
most subjects, after the removal of audio-visual cues,

The comments of subjects undergoing motor unit training
are cryptic; they can only explain their control over activity
of single motor units by saying that they Bthink" about them.
Basmajian (8, ps 1,428) noted that the proprioceptive in=
fluences over motor unit response seem to be of prima ime
portance, He suggests that training involves structural or
functional modifications ¢of the nervous system which have
not been determined with certainty, A generally accepted
proposal is as follows:

Voluntary effort is reinforced by a feedback
mechanism, which is simply an output-input system.

The output is the motor unit; the input system cone

sists of different sensory pathways. Sensory systems

detect the internal and external environmental changes

by way of specialized receptors: proprioceptors, extero=
ceptors, and interoceptors (7, p. 1,429).
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Techniques for training conscious control over individual
motor units provide a method of testing the acquisition of a
fundamental motor skill and factors which influence it. For
example, Scully and Basmajian (27) have shown that manually
skilled subjects could not isolate single motor units in the
hand as"well ds unskilled subjects., Therefore, they suggested
that neuromuscular pathways acquire a habit of responding in
certain ways; and it is not until old habits are broken that
new skills can be learned,

Simard, et. al. (30) studied the effects of circulatory
changes ‘on the behavior of a single motor unit by applying a
tourniquet just above the khee, During occlusion of cire-
culation, the maintenance and recall of isoclated activity
of the trained motor unitwere extremely difficult, due
possibly to suppression of the innate proprioceptive feed-
hack mechanism and to a decrease of motor-nerve conduction,

From a therapeutic point of view, perhaps the most
significant application of single motor unit training has
been in the area of rehabilitation of paralyzed patignts
and in the provision of myoelectric prostheses and orthoses
for disabled persons. Of particular interest to the brass~
wind player is the discovery that when a muscle or a part of
a muscle is found to be permanently denervated, residual
motor units from other muscles, or from several parts of the
same muscle, can be recruited and trained to overcome the

disability (8, p. 1,427). For example, if those facial
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muscles essential to brasswind embouchure could be determined,
it is conceivable that partial paralysis of one or more of
‘these muscles, or damage resulting from abuse as a result

of improper playing techniques, could be overcome and
excellent playing conditions achieﬁed.

From the above, it would appear that if the brasswind
player understands the musculature of the face, and the
functional relationship of facial muscles in brasswind per-
formance, he may be able to analyze his technique and

perhaps to'improve ite

'Mnscles in Brasswind Performance

In brasswind performance certain muscles of the jaw and
face are active in forming the embouchure and in holding the
proper lip setting while playing. The muscles affecting jaw
movement are to be differentiated from facial muscles and are
of secondary interest in this study. However, due to their
proximity‘to the facial muscles and their imfbrtance in
positioning the lower jaw in embouchure, it seems useful to
describé them here.

The muscles of jaw movement are of interest in brasswind
performance in that they regulate the opening between the
upper and lower front teeth, through which air must pass from
the lungs to reach the lips, and they establish the angle at
which the instrument must be held for efficient performance,

These muscles include the mylohyoid and digastric muscles,
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which forcefully depress the Jaw, and the muscles of masti-
cation, which elevate the jaw, move it laterally, forward, or
to a lesser degree, bachward., Muscles of mastication include
the temporalis, masseter, medial pterygoid, and lateral
pt&;ygoid.‘

The mylohyoid muscle is named for its attachment to the
jaw (mylo) and to the hyoid bone (a slender Uw-shaped bone
whose oafer surface can be felt through the skin at the
meeting-place 0f the front of the neck and the floor of the
mouth). This paired muscle arises from the mandible, and
its most posterior fibers reach the hyoid bone (Figure 1),
Farther forward, the fibers of the two sides meet and inter-
lace in the midline, forming a raphe (seam). The mylohyoid

contracts to forcefully depress the Jaw.

Mandible (Jaw)
(Seen from below
Right Mylohyoid NN\ /47, - Lett Vylonyoid

muzcle to Hyoid
bone -

Pigs le~=Right and left mylohyoid muscles form floor of
mouth., (After Basmajian.)
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The digastric muscles (di = two, gastric = belly) in-
clude anterior and posterior hellies. The two anterior
bellies lie below the mylohyoid muscle (Figure 2), arise
near the midline of the mandible, and descend to the hyoid

_bone. The two posterior bellies arise from the mastoid

Lower jaw
sesn brom below

Anterior belly
left Digastric

Anterior belly
right Dilgastric

Fig.M£Q~Anterior beli;;s 0} rigg£m;;édiéf%wéigaséfiés.
(After Basmajian.)
process (projection) and descend to the hyoid bone (Figure 3,
page 29). The anterior bellies perform the same actions as
the mylohyoid, working together with it to depress the jaw
forcefully, In ordinary mastication, gravity is the forcer
which depresses the Jjaw.

The temporalis muscle, named for its location over the
temple (temporal bone), is an extensive, fan-shaped muscle
arising from the side of the cranium and descending to the

coronoid projection of the mandible where the “handle of the
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Magtoid
Process

Fogterior _ -

Belly //

Anterior
Belly

Hyoid DBone

Thyroid
artilage

Fig. 3--The two bellies of (right) digastric (after
Basmajian),.
fan" is inserted (Figure 4, page 30). It is a powerful
biting nuscle, easily seen on the side of the head when in
action, Its posterior fibers recede the mandible.

The masseter (chewer) is a thick muscle covering the
outer surface of fhe ramus (branch) of the mandible
(Figure 5, page 30 ). it arises from the zxgqmati¢ (cheek)
bone, and its fibers run dewawardand bacxward,hinserting in
the outer surface of the ramus and coronoid process of the
mandible., It is a powerful biting muscle and also protrudes
the jaw.

The pterygoids (pterygoid = wing-shaped) are so named

because of their origin from a muscular plate at a wing-shaped



Temporalis

Insertion into
oronolid precess

Magseeter

Fige 5=-=Right masseter (after Basmajian).
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bone in the skull (Figure 6). The medial pterygoid lies on
the inner side of the ramus of the mandible and has a general
shape and direction similar to that of the nmasseter. Its
origin is on the medial (toward the middle) side of the
plate, and it inserts into the ramus in the region of the

angle of the mandible. It is a biting muscle similar to the

: § “§&$QN Lateral Pterygoid.
R R

el /mme/'@%’
M 1 2
;g;%%- j?? 45

Fig. 6--Lateral and medial pterygoids (After Morris. )

masseter, but in addition, it draws the jaw toward the op-
posite side in grinding movements, the muscle on the left
side moving the jaw to the right, and the muscle on the right
side moving the Jaw to the left, The lateral pterygoid has
an altogether different direction from the preceding three

muscles (temporalis, masseter, and medial pterygoid), lying
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in a horizontal plane which runs backward and laterally. It

rises on the lateral surface of the muscular plate and in-
serts on the neck of the mandible, It pulls the jaw forward,
and alternates with its fellow of the opposite side to prow

duce side movements.

Oro-Facial Musculature

By definition facial muscles include only those muscles
supplied by the facial (seventh cranial) nerve, They are to
be distinguished from muscles that move the Jjaw, and which
are supplied by the trigeminal (fifth cranial) nerve, Often
referred to as muscles of facial expression, they move the
skin of the face and are characterized by their limited -
attachment to bone and extensive attachment to the skin of
the face, and to the mucous membrane lining ﬁhe ingide of the
wouthe The number of muscle fibers per motor unit is probably
between 3:1 and 5:1, permitting extremely fine control of
movement,

There is extreme variability from person to person in
development, size, shape, strength, and independence of the
oro-~facial muscles (26, p. 393; 29, pe 140). These muscles
vary from a few pale bundles in one person, to solid, thin
nuscle plates of dark red color in another, In many cases
one muscle will exchange fiber bundles with another, or two
neighboring muscles will fuse into one muscular unit, making

it difficult, in dissection, to separate one muscle from
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another, For these reasons it is not suprising to find con-
siderable variation among authors in their description of
these muscles,

Primarily the facial muscles surround the orifices,
including the eyes, nose, and mouth, and are either sphincters
(contracting to close the orifices) or dilators (contracting
to open the orifices), Since in brasswind performance it is
generally agreed that the upper and lower lips must vibrate,
and must touch to do 50, interest is centered pfimarily upon
the oro-facial musculature, the mouth orifice, These are de=

scribed in detail below.

Modiolus

Located just lateral to each corner of the mouth is a
concentrated insertion or crossing of muscle fibers. This
area is often referred to as a tendinous node or knot, cre-
ated by the meeting of eight muscles. In brasswind litera-
ture the name modiolus (meaning hub of a wheel with radiating
spokes) has been used to a considerable extent in referring
to this area, and seems destined to become standard terminol-
ogy (24, pe 9)s For this reason, the term will be adopted
in this study. The modioli can be felt by placing one's
fingers approximately one inch lateral to the mouth corners
and pulling the mouth into various positions. Some of the

muscles passing through this area arise from bony origins and
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nay be thought of as forming the shape of a cross (Figure 7)

as they approach the mediolus. In contracting, these
,—-----..!

<0

Buccinator
' : \ L Zygomaticua
( \ — . — 7 tajor
( , §§& A a——— Levator Anguli
A I__"—‘:t—— - - Oris .
N P Orbicularis
' *Q\ ' : Oris
H - ‘Buperioris
§ ' —= Hodiolus
_ ﬂ/{ \ = :,j Orhiculgri&; Oris
' -,§%§§;~#7 = Inferioris

\ ==Depressor Anguli

_ \) Oris
Pterygomandih
Raphe (Seamn
Superior , ‘

Constrictor

oris, depressor angull oris, zygomaticus major, buccinator,
pterygomandibular raphe, and superior constrictor,

muscles fix the modiolus firmly in any of a variety of posi-
tions, either forward, backward, up or down, within a con-

siderable range (5, DPe 42).

Orbicularis Oris (Orbis = Ring, Oris = Mouth)

The orbicularis oris muscles, or muscles of the lips,
often referred to as intralabial muscles, effect direct clo-

sure of the mouth, They represent the most complex area of
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facial musculature, and are the most difficult to describe,
They are usually referred to as a single circular muscle,
but are actually a curious mixture of muscle fibers some of
which are intrinsic te the lips, while others are a contine
uation of fibers originating outside the lips.

The orbicularis oris is approximately an inch wide,
extending upward almost to the nose, and downward to the
groove on the skin midway between the chin and red portion of
the lip (13, p. 577). The peripheral part (that part nearest
the noee and chin) is thinner in width and thicker in depth
(2, pe 314).

The muscle is not circular, there being no true orbice
ular or circular fibvers (16, p. 22); rather, the fibers at
the corners cross each other at acute angles, so0 that there
are iwo separate muscles, the orbicularis oris superioris
(upper 1ip), and orbicularis oris inferioris (lower lip).

The majority of fibers are confined to either side, so that
- orbicularis oris may also be divided anatomically into four
sections, upper left and right, and lower left and right,
Lightoller (16, p. 22) divides each of these four sections
into two parts including marginal (red of the 1ip) and pe=-
ripheral (main bulk of the 1lip), making eight sections,
Most authors do not meke this distinction,

Orbicularis oris fibers are attached to the modiolus,
skin, and mucous membrane, The muscle also has attachment to

bone via several muscles which originate outside the lips,
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In the center of the upper lip, the fibers end in an
area corresponding t¢ the philtrum (groove under the noae),
where the fibers cross the midline, some reaching the nasal
septum. In the center of the lower lip, the fibers show a
sinilar arrangement, some fibers interlacing with the lower
1ip depressor muscles.

The orbicularis oris consists of numerous strata of
muséles, having different directions (12, p. 388). Those
originating outside the lips make up the greater part of the
substance of the 1lips, They include the cheek (buccinator)
muscles, the muscles that elevate and depress the corners
(levator and depressor anguli oris), and muaéles that pull
the lips apart (quadratus labii inferioris and superioris).
These are described in detail below, as are other facial
muscles which act upon the lips but account for very little
lip substances Buccinator fibers make up the deep stratum,
The quadratus labii inferioris and superioris and zygomaticus
major muscles send oblique fibers_into the lips, intermine
gling with the transverse fiberss. Other oblique fibers
(compreéaar labii), of a more horizontal direction, are the
iibers proper to the lips,

The Compressor Labii muscles are the only ones which
originate and end in the lips, These muscle fibers pass fron
under the surface of the skin to the mycous membrane, through

the thickness of the lips., Schaeffer (26, pe 395) refers to
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them as dorso~-ventral (front-back) muscles, and names them
compressor labii because of their function in compressing the
lips,.

The Incisive muscles give the orbicularis oris anchorage
to the nasal septum and maxilla above and to the medial part
of the mandible below, Named for their origin near the upper
and lower incisive (front) teeth, they course laterally,
closely following the peripheral bundles of orbicularis oris,

to end in the modioli (fig. 8). Because of their bony

Levator Anguli Oris Levator Anguli Oris

\\:,/”” Incisivus Superior \\\\
-.»///\_ = L

Cﬁ “__,:F"(/// \iiﬂbepressor
‘ Anguli
Incisivus Inforlor Oris

%Euccinator

. e =

s2bor Anguli

\
Depfa
Oris

Flg; SQ—ﬁiagram to illustrate the archltecture of the
Orbicularis Oris. (Morris, after 7,D, Thane) Note: Obligue
~ fibers intrinsic to the lips not shown.

origin and their close association to the lips, they are

sometimes referred to as accessory skeletal heads of orbi=-
cularis oris. In contraction they draw the corners of the
lips medially, causing the lips to thicken and to protrude

forward.,



The various muscles of orbicularis eris may act inde-
Pendently, drawing the lips in the directions indicated by
their structure, or they may combine with other muscles for
various functions, For example, the compressor labii and
buccinator nuscles acting together draw the lips against the
teeth (26, p. 396), The levator anguli oris, which draws
the lower lip upward, and the depressor anguli oris, which
draws the upper lip downward, act together to draw the lips

together,

Buccinator (bucca = cheek, bucinnator =_a trumpeter)

The buccinator is the principal muscle of the cheek,
forming the wall of the oral cavity lateral to the teeth, It
lies deeper than the other facial muscles; superficial to it
lie zygomaticus major, risorius, and maésetar. Wide, rather
thin, and quadrangular in shape, 1t arises from a horsehoe~
shaped line which can be followed from its (a) attachment to
bone near the upper molar teeth, () attachment to a ligament
known as the pterygomandibular raphe (Figure 7), ana (c)
attachment to bone near the lower molar teeth, Its insertion
is complex, a factor which may explain the somewhat differing
descriptions found. Schaeffer (26, pe 398) divides the
fiber~bundles into four sets: (1) the most cranial extend
directly into the upper lips; (2) those just above the mid-
line pass through the modiolus into the lower l1lip; (3) those

Just below the midline pass through the modiolus into the
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upper lip; and (4) the lowermost fibers extend directly into
the lower lip. The muscle is attached chiefly to the mucosa
of the lips near the angle of the mouth; some fiber-bundles
extend to the more medial portions of the mucosa, and some
extend through the 1lip to the skin.

The fiber bundles arising from the upper jaw descend in
their forward course, and those from the lower Jaw ascend
(29, pe 156)¢ Thus, the bundles partly overlap each other
s0 that the dnterior part is thicker than the posterior part.

The buccinator compresses the cheek, pulls the lips
against the teeth, and draws the corners of the mouth laterale
1y (26, p. 398). Goss (12, p. 389) states that when the
cheeks have been distended with air, the buccinator come
presses them and tends to force the air out between the lips
as in blowing a trumpet. However, Schaeffer (26, pe 398)
states |

There is a general misapprehension that wind
instruments are blown by the buccinators expelling

air from the inflated cheeks, and indeed this is

true of the bagpipes, But in blowing the trumpet

and bugle and playing the cornet the cheeks must

be kept flat and the upper lip taut which are in

fact buccinator actions,

Iockhart also makes an interesting point: 7

The trumpeter in blowing keeps this muscle

tense to prevent or control distension of the

cheeks, Expert wind players consider that the

puffed=-out cheeks of the wind-making cherubs on

0ld maps show poor technique (17, ». 158),

The buccinator and incisive muscles are antagonists

(9, ps 39) and play a part in establishing the horizontal
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position of the corners of the mouth. Lightoller (16, p. 32)
believes, however, that this is a minor function of the buc-
cinator, which for the mest part remains free to perform its
own functions between its lateral and medial attachments.

He states that distention of the cheeks represents the normal
and true resting length of the muscle fibers, the fibers at
rest and undistended being longer than the distance between
the points of attachment,

Levator Anguli Oris
(Elevator of the Corner of the Mouth)

This muscle, sometimes referred to as the caninusg, or
canine, muscle because of ifs_origin over the canine teeth,
is more often named for its action in elevating the angle of
the mouth. Arising just below the infraorbital foramen (an
opening in the skull below the éye) this muscle extends
downward and laterally, deep to the muscles that elevate
the lip (Figures 7, 9). It is a flat, quadrilateral muscle,
ipserting into the modiolus, Some of the fibers merge with
fiberslof both lips, but most of them end in the skin and
mucous:membrane of the lowsr lip (29, p. 154).

The levator anguli oris elevates the corner of the
mouth, Acting with the depressor anguli oris, it draws the

angle of the mouth medially (12, p. 287). When acting with
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the muscles that elevate the lip, the furrow beside the nose

(nasolabial sulcus) is accentuated,

{f Quadratus -
AL Labii
- Superioris

- levator _ ‘ .
‘Anguli Zygonaticus Major
Oris Rigorius

I, N latysma
Buccinatonmiill Y e — Hlaty -
(45 /s \\\} ! Quadratus Labii
= Inferioris

u N\
M rs g e 7 i 3
Magseter VAR //K\ Depressor Anguli Oris

Fige 9=~The muscles of facial expression. Super-
ficial layer on the right side of the figure; deep layer
on the left side., (After Sicher,)

Depressor Anguli Oris
(Depressor of the cornmer of the mouth)

This muscle, sometimes called triangularis because of

its shape (Figures 7, 9), is more often named for its action,
depressing the angle of the mouth, Its fibers take origin
from the oblique line of the mandible and, passing upward,

converge at the angle of the mouth (31, p. 158). They
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blend with orbicularis oris and insert into the skin, many
fibers entering the upper lip. The muscle 1s prominent and
superficial, It is continuous, at its origin, with the
platysma (12, p. 388), and, at its insertion in the modio~
lus, with risorius as well as with arﬁicularis oris, It
crosses the muscle that depresses the lower lip (quadratus
labii inferioris) and the buccinator (28, p. 24),

There are variations among authors in the description
of this muscle, Fish (9, p. 43) states that it often has a
double origin in bone at the lower border of the mandible.
Lightoller (16, p. 17) describes the muscle as three-hesaded,
including (1) a long head attaching to bone at the chin,

(2) a latgral'head extending as far outward as the first
molar tooth, and (3) a buccal (cheek) head (actually a
muscle more often named separately as risorius, described
below).

The depressor anguli oris pulls the corners of the mouth
and the upper lip downward, and is therefore the antagonist
of the levator anguli oris and the zygomaticus major,
Acting with the levator anguli oris, it draws the corner of

the mouth medially,

Risorius (Grinning)

This is a thin, triangular wisp of muscle that arises
from the superficial tissue over the masseter muscle ang
extends across the cheek, converging toward the modiolus

80 that the muscle gains in thickness as it courses
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laterally. Most of its fibers pase into and through the
modiolus, partly interlacing with the fibers of adjacent
muscles, The majority of the tendons end in the skin and
mucous membrane just lateral to the corner of the mouth,
Some bundles enter and end in the lower lip (29, ps 54).

The risorius is highly variable, often reduced to a
few bundles widely separated from each other, or it may be
missing entirely., It may be doubled, greatly enlarged, or
blended with the platysma, which at the level of the corner
of the mouth, turns into a horizontal course.

The risorius draws the corners of the mouth laterally.
In spite of its name, it i1s not used to express pleasure,
but instead, it gives rise to an expression of pain or a

sardonic grin,

Zygomaticus Major (Zygoma = yoke)

This muscle is named for its origin on the outer surface

of the zygoma (cheek bone). The name wajor or greater
zygomatic is used to differentiate it from a smaller muscle
which originates nearby, the zygomaticus minor., It is one
¢f the most constant and best developed muscles of the
middle face (29, p. 153), Arising from the zygomatic bone,
this long, ribbon~shaped muscle descends obliquely to the
modiolus, superficial to the masseter and buccinator
muscles, It is frequently divided by the levator anguli

oris into a superficial and deep part, the superficial fibers
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ending in a line extending the levator muscles of the upper
lip laterally to the corner of the mouth, Many of the deep
fibers end in the mucous membrane of the upper lip. Sone
bundles, however, may pass through the modiolus and reach
the mucous membrane of the lower lip.

The zygomaticus major muscle pulls the corner of the -
mouth upward and laterally, as in laughing. When contracted

greatly, it raises the cheek.

Quadratus Labii Superioris
(Sqhare WMuscle of the U Upper Lip)

This muscle is actually composed of three separate

muscles, which are usually treated as one duc to the fusion
of fibers in most cases to fbrm a solid muscular plate, This
rlate may be visualized as extending from the midline below
the nose laterally to the corner of the mouth (Figure 10),
It arises from three attachments to bone, including (from
the midline outward) origins at the root of the nose, under
the eye, and on the cheek bone, Collectively the muscles
contract to pull the upper lip upward, away from the lower
lip., The three parts will be discussed separately.

The member arising from the root of the nose is & nar-
row band named for its action in elevating the upper lip
and nasal wing (levator labii superioris alaeque nasi). A4is
it descends toward the lips, it divides into two parts, one
of which ie attached to the skin of the wing of the nose, ang
the other to the upper lip in the neighborhood of
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Inferioris, Orbincularis Oris. (After Lightoller.)
the philtrum (the groove in the midline below the nose). It
raises the wing of the nose and also that part of the upper
lip just lateral to the midline,

The member arising from below the eye is also named for
its action in elevating the upper lip (levator labii superi-
oris)., The fibers of this broad flat muscle descend to in-
sert into the skin and outer portion of the upper lip, It
raises and retracts the upper lip.

The third member is named for its origin on the surface
of the zygoma (cheek bone). It ig the longest and thinnest
of the three divisions, and, to differentiate it from the
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greater zygomatic muscle, is called zygomaticus minor, It

basses obliquely forward over the levator anguli oris and
orbicularis oris muscle, and extends to a cutaneous and
muscular insertion in the upperlip, medial to the corner of
the mouth, Sicher (29, p. 152) reports that it is nissing
in about twenty per cent of the cadavers examined, A4s a
rule, it is the weakest of the three muscles, and the most
variable, It raises and retracts the upper lip.

guadratus Iabii Inferioris
(Square muscle qi_ggg_Icwer ;gg)

Also naﬁed depressor labii inferioris because it acts
to draw the lower lip downward away from the upper lip, this
thin, quadrilateral muscle arises below the canine and bi-
cuspid teeth from the base of the mandible and extends
obliquely upward in a medial direction to the lower lip,
through which its fiber bundles vass, The lower lateral
part of the muscle is'covared by the depressor anguli oris
muscle., The most medial fibers may pass the midline, cross-
ing the corresponding muscle fibers of the other side. The
greater part of this muscle inserts in the skin of the lower
lip, just lateral to the midline. Some of the fibers end
in the skin of the chin; deep fibers find insertion in the
mucous membrane of the lower lip, |

This muscle is an antagonist of the mentalis (26, p, 397).
It draws the lower lip directly downward and a little
laterally. It also everts the iip slightly.
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Mentalis (Mentum = chin)

This is a shdrt, thick muscle that arises in an almost
circular area above the.protuberance 0of the chin, below the
incisor teeth, From their origin the fibers of each mental
muscle (left and right) diverge in their course toward the
skin, some fibers interlacing with those of the muscle of the
opposite side after crossing the midline., Only the most
lateral fibers end in the skin of the same side. The superior
fibers course upward and outward, looping around the lower
border of the lip. The inferior fibers course downward and
outward, the lowest fibers passing to the lower border of
the mandible to end in the skin on the lower surface of the
chin, The mentalis is superficial to the depressor of the
lower lip (quadratus labii inferioris), varies in size, and
generally is fused with the platysma (Figure 11),

The mentalis draws up the skin of the chin and assists
in the protrusion of the lower lips The actual position
taken by the lower lip during mentalié contraction is dependw
ent upon two factors: (1) the Position and degree of conw
traction of the upper lip, and (2) the relative resistance of
the lower lip and its depressor. If the upper lip is relaxed
or pulled upward by the levators, the activity of the men-
talis will push the lower lip directly upward. If the upper
lip is firmlylresistant, then the activity of the mentalis
will lead to a very firm pressing of the lips together, If

the lower lip is weakly resistant and the quadratus labii
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inferioris strongly registant, then the activity of the
mentalis will result in the lower lip being pushed forward

as well as upward (16, p. 47).

Platysma (Flat Plate)

The platysma is a large, thin, quadrangular nmuscle
covering most of the lateral and anterior regions of the
neck. It extends from the chest upward superficially
across the neck to the face, The fibers incline medially
as they ascend and insert into the lower border of the man-
dible and into the skin and subcutaneous tissues of the lower
part of the face and into the modiolus (Figure 11). Fibers
may blend with depressor anguli oris, with the lower lip
depressor (quadratus labii inferioris), or with the margin
of orbicularis oris, and can sometimes be traced to the
zygomaticus major or even to the margin of orbicularis occuli
(eye).  The muscle is highly variable, development being
extensive in some cases, or it may be absent on one or both
sides (16, p. 155).

The platysma retracts and depresses the corner of the
mouth, elevates and wrinkles the skin of the neck.s It can
depress the mandible against resistance and move the skin of

the chest and nipple slightly upward on the chest wall,
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Innervation of Oro-facial Musculature

There are twelve pairs of nerves attached to the brain
stem, all emerging through special openings in the skull,
each pair assigned a number acbording to its location, froat
to back. The Seventh Cranial (facial) nerve supplies all
the muscles of facial expression, as well as certain other
muscles. On each side of the skull it Bpreads into six
branches, four of which innervate the oro=-facial musculature,
as follows i

Zygomatic Branch=-~zygomaticus major, quadratus labii
superioris, levator anguli oris

Buccal Branch--upper and lower orbicularis oris,
incisive, buccinator, rigorius,
depressor anguli oris
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Mandibular Branch--mentalis, guadratus labii inferioris
Cervical Branch--platysma
Summary of the Functions of the
Oro~facial Muscles
Mugcles directly closing the lips:
Orbicularis oris; compressor labii
Muscles assisting lip closure:
Mentalis; depressor anguli oris (which draws the
upper lip downward); levator anguli oris (which
draws the lower lip upward); platysma (which
draws the corners back and downward)
Muscles that turn the red of the lip inward:
Compressor labii
Muscles drawing lips against teeth:
Buccinator; compressor labii
Muscles directly opening the lips:

Quadratus labii superioris; quadratus labii
inferioris

Muscles that pull the mouth corners laterally:
Buccinator; risorius
Muscles that pull the mouth corners medially:

Incisive; levator anguli oris; depressor anguli
oris

Muscles that pull the mouth corners upward and laterally:
Zygomaticus major
Muscles that pull the mouth corners downward and medially:

Depressor anguli oris



Muscles that pull the mouth corners downward and

laterally:
Platysma
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CHAPTER IIT
ELECTROMYOGRAPHIC EINESIOLOGY OF FACIAL MUSCLES

In 1791 Lulgi Galvani observed that elsctric current
was procuced by muscular contraction. This observation was
confirmed in the twentleth century when technigues were de-
veloped for detecting and recording electrical discharges
produced by contracting muscles, These techuniques, pioneered
in Purope in the 1930's, are known as electromyography, or

MG, ZIn this rresentation, the nouns electrowyography and

electromyogram will be abbreviated to MG, and the adjective

S~

slectromyopgraphic to eng, after Basmajian (1, . 44);7‘The

objective din EMG is to collect data concerning the electrical
activity {(action potentials) of individual motor units, such
data to be interpreted for varying purposes including diag-
nogtic, pathological, kinesiclogical, and other.

The detector of electrical activity is an electrods,
of which there are two different types, surface and in-
dwelling. Surface elecirodes are simple silver discs placed
on the surface of the skin. They are easy to use, but they
lack precision in thal the investigator cannot know exactly
where the motor-unitw-action potentials originate., Thus,

unless the muscle is most superficial or is isolated from

Sk



\n
A% 3

adjacent muscles, surface electrodes yield rather imprecise
data (25, p. 19).

The indwelling electrodes (which are inserted into the
muscle) include two varieties: needle, and fine wire., A
serious‘disadvaﬁfage with the needle electrode is that-
muscle “trauma may occur due to the necessity of leaving the
needle in while the muscle is being exercised. The fine
wire type overcomes this disadvantage, being exceedingly
thin and flexible enough to follow any structural movément.
Fine wire electrodes are implanted by means of a trange
porting hypodermic needle, and once implanted and the
needle withdrawn, the subject has little or no propric-
ception of the electrode's presence., Therefore, the possi-
bility of his altering his normal muscle behavior is miﬁimal
{25, ps 19). ' At the present time, this type of electrode
approaches the ideal for detailed kinesiology (3, DPe 32).
Electrodes miy be implanted anywhere in the muscle, the emg
recording at any one point representing the activity in the
rest of the muscle (15, p. 224).

Electrical activity picked up by the electrode is very
small and must be amplified hundreds of times before recorde
ings can be made. After amplification the signal is fed into
an oscilloscope for transient visualization of the characterm
istic waveforms, tc an inkwriter (in the case of less’
seﬁhiaticatad equipment) for direct paper recording, and/or

to & loudspesker for auditory monitoring. Recent developments
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in technique include convenient methods for storing the in-
formation on magnetic tape, and for producing immediately
readable, contlnuous=strip photographic printouts.

The electrical activity as seen on the oscilloscope or
as printed cut consists of spikes above and helow an iso-
electric line, representling reversal of polarizaticn at the
surface of the nmuscle fibers, ZRach splke is a summation of
anywhere from a few 10 & greal many signals arising from the
randon firing of wmotor units {3, p. 53). If muscle tension
increases, the emg wave chalges, teunding to become greater
in amplitvde, The investigator is interested in the fre-
guenty, amplitude, and duration of the spikes, aund the timing
and sequence of elecirical discharges.

Blectromyography provides the kinesiologist information
which cannot be provided from anatowmical oObservations.
Studies based upon the latter, such as dissection of muscles,
assume that since a muscle has a particular origin and in-
sertion, it must then have a particular action. Such assuup-
tion is lacking in that it is concerned only with what a
muscle can do or might do. MZlectromyography is unique in
revealing what a muscle actually does at any moment during
various movementis and postures. Morecover, it reveals objec-
tively the fine interplay or coordination of nmuscles" (3,

De 22). This is possible through the use of multiple~channel
apparatus, which provides simultaneous readings from several

nuscles,



The basic premise of electromyographic kinesiologic
interpretation is that the noncontracting muscle puts ocut
noe voltages, and the contracting muscle has electrical
activity roughly proportional to the tension in its muscle
fiberss Such relationship does exist in fact, in the case
of lsometrically contracting muscles; but in isotonic cone-
traction the bituation is far more complex. The emg active
ity during isefonic contraction varies directly with load,
velocity, and acceleration, and it varies inversely with
length (7). "As the angle of pull changes during movement,
variable demands are made due to the change in mechanical
advantage, Individual muscles do not act with constant
force throughout the movement, and EMG reflects this logic
(3, pe 141)., The investigator must be content in knowing
merely whether or not a particular muscle is involved ' in
an activity, and to what extent.

Mascular activity is also related to muscular develop~
ment., As a muscle is strengthened through a period of train-
ing and conditioning, electrical activity decreases,
Devries (10, p. 21) showed that the rate of increase in
e¢lectrical activity with increasing levels of isometric
tension was lower in the muscles of well trained, thad in
poorly trained, athletes., With advanced training there is
greater and greater efficiency and specificity of response

(3, Pe 97), resulting in less electrical discharge.



Various methods of analyzing and quantifying emg data
have been devised. Perhaps the sinplest system, adequate
for most vpurpeses, is thal of Basmajian (3, p. 47), in which
activity is described subjectively as nil, slight, moderaie,
or marked, based upon visual observation, Caution must be
exercised in making these judgments, for complicating factors
such as distance of the electrodes from the motor unit affect
the recording (3, p. 14). The integrated outpul of muscles
cannot be comparéd. Rather, the activity of a muscle at any
moment can be compared only to the activity of that same

e

muscle at other moments, and only during the same experi-

!

ment .

studies Involving Facial Muscles
Blectromyographic studies of facial muscles senerally
have been clinical in nature and uot concerned specifically
with normal kinesiclogy. However, normal function of several
faclal nmuscles has been inferred in recent dental and speech
studies which compared experimental and control Eroups.
Muscles which have been under investigation are included

below, with a brief description of the findings,

Bucelinator

Using needle electrodes in the upper and lower paris of
the muscle, de Sousa (9) studied the buccinator activity in
twenty-five male students during the acts of puffing cheeks,

blowing, whistling, compressing the lips, lateral retracticn
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of the angle of the mouth {as in smiling), swallowing,
suction, and chewing with full and empty mouth. The buce
cinator was constantly active in pulling the corners back
and in compressing the lips. It was not active in puffing
the cheeks, blowing, and whistling,

Blanton, et al (6), using fine wire electrodes in the
center of the buccinator in twenty-two subjects with norw
nal dentition, found the muscle markedly and consistently
active during sucking, blowing, swallowing, masticating,
pulling the lips against the teeth, and pulling the corners
of the mouth laterally., The disagreement with de Sousa
concerhing activity in blowing is interesting. Perhaps
differences in electrode type and/or location caused the
differént findings, or, the force exerted in blowing may
have been a factor, This study, to be discussed later, cone
firmed’ that the buccinator could be either active or inactive
during blowing,depending upon the nature of the activity and
the intent of the subject. The findings of Blanton et al (6)
suggest-that the buccinator may be used at will in blowing,
but the extent to which buccinator activity facilitates blow-
ing was not determined.

Aniother interesting finding in the aforementioned
study, Blanton gﬁ al, was that most subjects tended to puff
out théir cheeks while blowing through a straw, an act which
elicited slight-to-moderate activity of the buccinator

muscles. When subjects were then asked to maintain the
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cheels taut while blowing, the resull wes an increase of
activity to marked or very marked, Movements involving
stretching the lips (pulling the lips laterally or pulling
them against the teeth) elicited greater buccinator response
than sucking (which necessitated puckering the lips).

Lundguist (20), using surface electrodes, studied the
buccinator during chewing movements of six subjects with
natural dentition and six with complete upper dentures and
partlal lower dentures., In unilateral chewing the electrical
activity in all subjects was more pronounced on the working
side than on the balancing side.

Tallgren (29), using surface electrodes, studied ten
partially edentulous (toothless) subjects beginning shortly
after loss of teeth and continuing during the period of ad-
Justment to dentures., The findings showed the buccinator
always active in smiling, Synchronized activity with upper
orbicularis was interpreted as indicative that the bucecinator
and upper iip are functlonally related., Also, less activity
was shown during sucking, an observation which agrees with the

findings of Blanton,

Depressor Anguli Oris

Ieanderson et al (15) placed needle electrodes cir-
cularly around the lips at 5 mm intervals in an attempt to
study facial muscle coordination during speech. From each

electrode position, the activity during five consecutive



readings of the same sentence was recorded., The findings
suggest that in the production of bilabial consonants /p/,
Y, the depressor anguli oris pulls the corners of the

mouth downward so that the upper lip becomes stretched and
embraces the lower lip; that the mentalis pushes the lower
1ip upwerd, thereby aiding in the pressing of the lips %to-
gether; and that both of these muscles then relax to permit
the depressor labli inferioris to pull the Jower lip downward

for the releacge,

Mentalis

Leanderson gt al (15) describe the mentalis action in .
the production of bilabial consonante /p7, /b7 as follows:
it pushes the lower 1ip upward by pulling upward the skin at
the polnt of the chin; it then relaxes during the release of
the consonant to allow the depressor labii inferioris to act.

Basmajlan (3, p. 334) gives the following statement
concerning the findings of Hishikawa et al in a 1965 study
in Japan: the study showed fairly continuous "tonic! activi-
ty of mentalis in wan except during sleep, when it relaxes
completely for short periods,

Baril (1, p. 544) investirated the wentalis in twenty-
five thumbe-and-finger-sucking subjects, using surface slec~-
trodes bilaterally, Twelve of the subjects had open-=bite
nmalocclusion (failure of the upper and lower %eeth to meot

when the Jjaw is closed). Sleven ofthese twelve subjects
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showed abnormally Jarge contractions of mentalis. Baril
concluded that this abnormal activity resulted from the

fact that an open bite leaves a greater space to be sealed
in swallowing, whistling, etc. The mentalis, therefore, in
helping to seal the lower lip against the upper, has to work
harder to fill the greater space involved, Baril suggests
that the lower lip and mentalis function together
synergistically.

Baril also reported marked activity in the upper orbi=~
cularis oris and mentalis during swallowing and sucking.

In subjects with normallocclusion, the upper and lower lips
and the mentalis exhibited distinct patterns of contraction
charactgrized by good coordination, timing, and
synchronization.

Tatlgren's findings in the study mentioned earlier
agree with those of Baril--synchronized activity of mentalis
and lower orbicularis oris was demonstrated in most recordings
of partially edentulous subjects, indicating a close func-

tional relationship between these two muscles.

Depressor lLabii Inferioris

Leanderson, et al (15) found that in the production of
the bilabial consonants /p/, /b/, separation of the lips was
produced by the depressor labii inferioris contracting as the
mentalis and depressor anguli oris relaxed. In a later study

(16) by the same experimenters in which emg aétivity in the
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upper and lower lips, levator labii superioris, depressor
labii inferioris, depressor anguli oris, and mentalis was
recorded simultaneously with speech, the following conclu-
sions were reported: (1) muscle function during speech con=
sists partly*of a basic tonus or "“speech posture," and-

partly of ‘a manipulatory activity; (2) the initial'positién

of the fac¢ial muscles is influenced by many factors=-people
smile, are sad, tense, relaxed, etc.; (3) postural activity

is found in the levator and depressor labii, and manipula-
tory activity is found mainly in the orbicularis and dépressor

anguli oris.

Platysma

Basmajian (3, p. 334) gives the following statement con-
¢erning a study'of this muscle made by de Sousa (1964), who
investigated twenty men, using needle electrodes.

Greatest activity was recorded in pulling the

skin of the neck up, and the angle of the mouth down;

widening the opening of the mouth elicited marked

activity, but the natural opening of the mouth and
j&W$ did hneot (3, Pe 334)«

Upper and Lower Orbicularis Oris

Lubker and Parris (19), using surface electrodes to
measure labial emg activity, obtained simultaneous neasures
of intraoral air pressure, labial pressure, and labial emg
activity from eighteen normal speakers during the production
of bilabial stops /p/, /B/. The labial gesture for these two

consonants was shown to be eséentially monotypic, requiring
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no more forceful labial contact or emg activity for one than
the other, Intraoral pressure was greater for /n/ than /b/.

Scott (25), using fine-wire electrodes, implanted 1/4
inch distal to the mouth corners, recorded bilateral action
potentials from the orbicularis oris in twénty stutterers and
twenty non-stutterers during the pronouncing of the stimulus
syllables /fa, va, pa, ba, u, i/. Dissynchronous neuromuse
cular activity between sides was observed in both groups.
The phoneme /i/ showed little motor-unit action in both
groups. Scott suggests that this may be due to the immobili-
ty of the lips during its production, or to the plaqement of
the electrodes in superficial orbicularis oris fibers. When
the Wire“electfodesmweré implanted more deeply, they apparente
ly came in - contact with either superficial fibers of riso=
rius or 'deeper fibers of the buccinator muscles (both involved
in retruding the corners of the mouth),for emg data were then
recorded. Apparently, these two muscles aid in the produc=-
tion of the /i phoneme while the orbicularis oris tends to
remain passive. When the wire electrodes were presumed to
come in ‘contact with fibers from either the risorius or buc-
cinator'muscles,'a marked reduction in activity was recorded
for the other five phonenes,

Baril (1, p. 549), using surface electrodes bilaterally,
reported that the upper orbicularis oris muscle behaved as

two separate muscles, right and left.
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Tallgren (29) found evidence suggesting that the upper
and lower lips do not act synergistically, the upper 1ip
playing a more passive role than the lower in the function
of the mouth. - In partially edentulous individuals, the
lower orbicularis oris and mentalis dominated the contrac=-
tion pattern in yawning, sucking, smiling, and swallowing.
The lowey 1lip and mentalis appeared to have a close functione
al relationship, as did the upper lip and the buccinator.

No emg studies of facial muscles during brasswind per-
formance ¢ould be found., Consequently, a number of such
experiments were conducted at the Regional Rehabilitation
Research and Training Center at Emory Unlversity, under the
supervision of J. V, Basmajian, Director of the Ceniter, A

description of these studies may be found in Chapter V.
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CHAFTER 1V

EXISTING THEORIES AND FACTS OONCERNING
BRASSWIND EMBOUCHURE

A brasswind player must concern himself foremost with
three aspects of musical tone production: pitch, loudness,
and tone quality. Until he has these under some measure of
control he cannot attend adequately to other musical con-
siderations such as rhythm, expression, and the myriad other
factors involved in the performance of music., It seenms
appropriate, then, that a discussion of embouchure begin
With the acoustical nature of brasswind performance, to
which embouchure factors can then be related.

The brasswind performer produces sound by creating
standing waves in the various length of tubing available to
him., He accomplishes this by forcing a stream of air
through his lips in such a manner that it pulsates, setting
the air inside~the instrument into vibratory motion. The
exact nature of this phenomenon is not well undefstood,-and
heeds critical examination., In fact, it is doubtful that
any information concerning embouchure can be fully appreci-
ated or evaluated until more is known of this phenomenon;
Opinions vary among authors, some believing that the lips

do not vibrate, some comparing them to vibrating strings or

69
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to vibrating double or single reeds. Taylor (101, p. 167)
states that although the lips may act somewhat as a double
reed, they differ in that they are never completely closed,
but are set into vibration by a complicated edge~tone caused
by the air rushing out between them.

Studies of lip vibration by Henderson (45, p. 59),
Martin (62, p. 307), and Weast (114, p, 6) lead all these
researchers to conclude that one lip vibrates, somewhat as
a single reed. According to their findings, the upper lip
is the sgignificant vibrator, the lower lip acting as a re=
latively fixed facing. Action found in the lower lip was
declared insignificant, interpreted as a reaction to the
beatings of the upper lip against it (120, p. 338)e In
discussing the single reed concept, Weast suggested that
the normal horizontal overbite of most players places the
upper lip in a'favored position to vibrate, the lower 1lip
being held back and often overlapped by the upper. He also
suggested that rarely, if ever, would a player have equal
tension in the upper and lower lips, permitting equal re-
sponse from both.

None of the above researchers conducted their experiments
under performance conditions using a normal mouthpiece,
Leno (54) was able to accomplish this with four trombofi-
ists as subjects, including two college students and two
professional players. Lenc used a plexiglass mouthpiece

made by the Schilke Company of Chicago to the dimensions of
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the Bach model 6 1/2 AL. He employed high speed photography
(920-1050 frames per second) to study players as they per=-
formed upon a Conn 88H trombone. He concluded that the
actions of the lips are complex, not comparable to double
reeds, single reeds, or vibrating strings. Rather, they
are unique as generators of sound. Both lips were found to
vibrate in all four subjects, the upper lip vibrations being
more prexnounced in three subjects, the lower lip vibrations
more prohounced in one. Leno suggested that determining
factors as to which 1ip vibrates more appeared to be the
high or low placement of the mouthpiece and the alignment of
the lips. These will be discussed in more detail later,
Leno showed that, in the four subjects under study, beth
lips actually touched at the beginning of their vibration.
Further, he found that complete closure as a part of each
vibration cycle produced better tone quality than did partial
closure, the latter producing a tone described as "breathy."
He was able to-describe in considerable detail the actions
of both lips at various times during each vibration, and the
opening between the lips during their separation periocd.
Even though leno's sample was small and confined to
one instrument type, his work will be accepted in the
present study ds the most accurate description of 1lip -
vibrations in brasswind performance available to date, and

the following findings from his work will be adopted:



1. Both lips vibrate in brasswind performance, and
must completely close as part of the vibration
cycle.

2« One l1lip will usually vibrate more than the other,
this being related to mouthpiece placement and lip
alignment,

5+ The lips begin the vibration cycle from a closed
position drawn together by muscular coatraction.

Le Even for lower pitches the lips are turned inward
somewhat and are pulled toward the teeth; with
ascending pitch, muscular contraction intensifies.

5. Both lips vibrate at the frequency of the pitch
produced on the instrument,.

6. The width of the aperture between the lips, as
well as the vertical opening, increases with
descending pitch and with increasing loudness;

7. The vibrating vertical mass in each lip varies
with frequency, the lower the frequency, the -
greateér the vibrating vertical mass. A change in
frequency of an octave (2 :1 ratio) shows approxi-
mately the same ratio change in vibrating vertical
mass. A decrease in vertical mass for high pitches
is apparently achieved by turning inward the red
portion of the lips.

Leno's work provides insight into two of the primary
considerations in brasswind performance: pitch and loudness,
Unfortunately, he made no attempt to study lip vibrations in
relation to timbre, His descriptions of the different actions
of the lips lend support to this study that the mode of vi=
bration of the lipe has bearing upon the wave form or timbre
produceds Perhaps a much higher framing rate in the photoe
graphic studies would have given information on this., No
studies could be found investigating this aspect of per=

formance, and it is necessary to turn at this point to the
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wealth of empirically derived information available fron
thoge who play and teach brasswind instruments,

Brasswind tones are usually characterized subjectively
as dark, light, bright, mellow, thick, smokey, rich, full,
round, thin, stuffy, dull, brilliant, open, "blatty,"
“breathy," and so on, each generation adding its own de=
scriptive terms to the vocabulary., It is usually agreed that
the instrument itself plays the primary role in determining
toﬁe gquality, but the player may produce a wide range of
timbre on any given instrument., He does this apparently by
various manipulations of his lips, breath, mouthpiece, and
oral chamber. These manipulations include fizing the lips
at different tensions in various positions, setting the
mouthpiece at various locations high or low on the lips,
pressing the mouthpiece against the lips in various ways
and in varying amounts, changing the size of the oral cavity
by tongue and/or jaw movements, and forcing varying amounts
of air at different pressures through the lips., In fixing
the lips he may protrude them in varying amounts making
them thicker; he may pull the corners back in varying
amounts, making the lips thinner; he may move the lower jaw
forward or backward so that the lips are at varying angles to
one another; he may move the lower jaw upward to crowd the
lips together or downward until they hardly touch at all and
must be forced together by the mouthpiece. He may roll the

red of one or both lips inward in varying amounts, or, may



push them outward, Further, the lips may be made firm in
differing ways, including many possible muscular activity
patterns, and including muscle against muscle, muscle
against the grip of the mouthpiece, and muscle against air
pressure and flow., When one considers all the foregoing
singly, and their many possible combinations, the complexim
ty of timbre in tone production can be appreciated.

It is generally agreed that when the individual player
thins his lips by drawing back the corners of the mouth, his
tone becomes brighter. The opposite movement, thickening
the lips by pulling the corners forward, causes the tone to
become darker, ' If the latter is too ﬁroneunced, pushing
too much of the lips into the mouthpiece, the tone becomes
dull, choked, éven nasal, If the lips are pushed together
too tightly in the center, the tone becomes pinched, dull,
and dead., Curling the red of the lips inward causes the
tone to become thinner and brighter, Bright sounds are ase
soclated with & complex wave form at the source of sound
(128, p. 20). The thinner the vibrating lips, the more
complex the wave form (22, p. 236).

In summary, pitch is dependent upon the rate of lip
vibration; loudness is dependenﬁ upon‘the amplitude of "lip
vibration, which in turn is dependent upon air pressure; and
timbre is deperident upon the wave form which in turmn is-
dependent upon the instrument itself and to a lesser extent

various adjustments of the lips. As brasswind players have
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searched for the best ways to control these three aspects of
tone production, many different schools of thought have
emerged, and contrédictory opinions by expert players and
teachers have caused much confusion, It is not uncommon
for a student to learn one technique from one teacher, and
an opposite technique from ancther. Richtemeyer (82) in a
survey of 118 professional players and teachers, concluded
that teaching techniques are basically responsible for the
majority of abnormal embouchures., Perhaps no one particular
technique will satisfy the requirements of all players in
all situations. If, on the other hand, there are a variety
of techniquee vossible, the teacher must know more about
embouchure than merely what has worked well for himself.
Ideally he should understand all the elements of embouchure.
The following sections represent an attempt to list all
these elements; showing their function in embouchure, and
presenting the variety of descriptions found in the litera-
ture. These elements will be organized as follows .
I. Lip Characteristics |

A. Lip Size

Bs Lip Thickness

"Cos Amount of Lip Red

De ILip Strength

"Ee. Lip Texture

F. Lip Elasticity

Ge Lip Sensitivity

II. Amount of Lip in the Mouthpiece
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1V,

Ve

VI,

VIiI.

VIII.
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Mouthpiece Factors

Ae. Mouthpiece Placement
Be Mouthpiece Angle
C. Mouthpiece Pressure

Corners of the Mouth (Modioli)

A. Movement of the Cormers during Inhalation
Be Movement of the Corners during Exhalation
1, Lateral Movement
2+ Vertical Movement
Cs Tension in the Corners

Facial Muscle Activity

A. Buccinator (cheeks)

Bs Upper Iip Levators

Cs Lower Lip Depressors

De Mentalis (chin)

E, Orbicularis Oris (lips)

F. Depressor of the Mouth Corner
&, Levator of the Mouth Corner
He Platysma

I. Risorius

Je Zygomaticus Major

Ke General Facial Tension

Alignment Factors

A, Alignment of the Lip Opening Opposite the Teeth
Opening

B, Alignment of the Lower Lip with the Upper Llp
1+ Jaw Alignment
2« Mouthpiece Vertical Location

Aperture Size

A+ Teeth Aperture
Be ILip Aperture

Teeth Background and Support

As Length of Front Teeth and Lips

B. Upper~Lower Front Teeth Alignment
Ca Contour of the Front Arch

Ds Front Teeth Slant

Ee. Uneven Front Teeth

F. Open~Bite

Ge Vertical Overbite
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H., Widely Spaced or Missing Teeth
I. Dentures
J. Opinions Concerning Teeth Background
T¥{. Miscellaneous Factors
4. Warm-up Roubtine
B, Wet Versus Dry 1ips
C. Upstream Versus Downstream Playing
D, Indurance anc Fatigue
7, Pedal and Altissimo Reglsters
T. Lip Characteristics
Attenpts are often made in brasswind literature to de-
scribe 1lip characteristics, but semantic problems have led to
confusion in defining them and assessing thelr significance,
Importance is usually attached to such factors as strength,
size, and texture, but apparently no attempt has been made

to define clearly and evaluate carefully these characteristics.

This lack will become apparent in the following discussions.

Iip size is usually discussed in terms of three dimei-
giong: (1) vertical length of the lip as conmpared to the le
lengih of the front teeth, (2) lip thickness in the naturally
relaxed state, and (3) the amount of red integument showlng.
The optinum vertical length would appear to be one 1n which
both lips are slightly longer than the front testh, so that
when the testh are pnarted 1/8 inch to 1/4 inch, the 1lips will
remain closed in their naturally relaxed state. The most com~
mon deficlency, apparently, is one in which the upper lip i=s

considerably shorter than the upper teeth, This trait appears
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to have caused problems due to failure of the player to pull
the upper lip downward into the proper position past the teeth
edges. Conversely, short teeth and long lips have also pre-
sented problems, possibly due to lack of background support
from the "teeth, but this condition seems to be relatively

raraes.

Be Lip Thickness

Lip thickness has received considerable discussion in
the literature due to the common belief held by early
writers that thin lips are best suited to small mouthplieces,
and large lips, to large mouthpieces., This belief is no
longer accepted. Malek (59, p. 163), for example, found in
a survey of fifty-two professional trumpet players that
thin lips appeared no more desirable than thick, neither type
being detrimental, Apparently, lip thickness alone is not
an important factor in embouchure, but the subject needs
further study. For example, thickness may be related to
strength and range, but there is no evidence to support such

theory.

Ce Amount of Lip Red

The amount of lip red showing is a factor in 1ip thick=-
ness, but is treated separately for one important reason,
There is virtually unanimous agreement in the literature
that the mouthpiece should be so placed that the inside gdge
is above the red of the lip, regardless.of the size of the



1ip red, The purpose ig this requirenent 1ls not clear, but
experience has obviously shown that mouthplece placement in

the red of the lips has led to poor performance results.

Da Lip Sirength

Lip strength is another area of disagreement, SHome
writers state that strong muscles are required for brasge
wind playing, others arguing that strength is not of great
importance., For example, Noble (69, p. 54) and Weast (114,
P. 9) state that strong facial muscles are required, espew
cially with relatiocn to endurance, loud playing, and high
range. Baker (3), Kleinhammer (51, p. 25), and Stevens
(95, pe 14), on the other hand, state that gconomy of muscle
use is more important than strength. Baker (3) has found
that the bilg problem in embouchure is Overdevelopment., He
states that great strenzth is not needed, that it may even
be a handicap where flexibility is concerned. Rather, the
player learns to isclate the proper muscles and not 1o use
the others, Xleinhammer (51, p. 25) agrees, stating that
trombonists use too many facizl muscles t00 far away from the
efficient function of the embouchurs to be of tone-producing
value. Stevens (95, p. 1&) Ffurther supports this concept,
stating that emhouchure strength is not a sign of muscle
strength, but rather a slgn of using the right combination
of muscles. o one has Jet determined what muscles should

be active in embouchure, nor to what extent,



Ze Lip Texture

Texture as a term describing the lips is a somewhat
ambiguous word, and, again, the problem of semantics arises.
Some writers in using the term seem to mean hardness or
suppleness of the red integument. Tull (111, p. 7) apparent=-
1y thinks of it as density in stating that “some writers cone
fuse lip size with density (texture)." With regard to hard-
ness, writers often state that soft lips are compatible with
low range and flexibility, and hard lips are more conducive
to high range and endurance., Tull (111, p. 8) says that
players with hard lips must work to make the lips more
flexible, while the player with soft lips must place more
emphasis on muscular development. Apparently, no method is
available to make precise measurements of lip texture or

hardness.

Fo Lip Elasticity

The term elasticity is used apparently as an antonym

to such terms as flabby or limp, and hard or rigid, The.
term refers to the quality of resilience or flexibility
necessary for the lips to vibrate, and the proper state of
elasticity is apparently achieved by correct muscular con-
traction and mouthpiece pressure in relation to air flow and
pressure. One finds often in the literature statements to
the effect that the lips must not be too rigid, nor too

limp., There is apparently no way to assess objectively
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these qualities., Elasticity and texture are probably re-
lated-~the softer the texture, the less the natural elasticity
of the tissue.

Ge ILip Sensitivity

Sensitivity refers to the awareness the player has
during actual periormance concerning his mouthpiece place=-
ment and pressure, lip position, tension, and lip relatione
ship to air, via proprioceptive and exteroceptive receptors
in the lips. One finds statements in the literature that
lip sensitivity is important, that it is important to be
able to reestablish'yesterday's sensations, and that lip
abuse diminhishes sensitivity. Although this must certainly
vary from person to person, and within the same person:from
time to time, there is apparently no way to measure this

guality,.

ITs Amount of Lip in the Mouthpiece

There are two schools of thought concerning the amount
of lip which should be kept inside the mouthpiece while
playing. According to one, there is an optimum amount of
lip for each player which, when found through trial and
error, will accommodate all ranges. The player, then, never
changes this amount of lip regardlesa'of dynamics or range
(Appendix), The other view is that the amount of lip in the
mouthplece changes in relation to range and dynamics

(Appendix). Those who subscribe to the latter view differ



&2

in opinions as to when and how the amount is changed,

Sexton stating that it is accomplished during breath in=
halation and rests, Haynie stating that it is accomplished

by contraction of the lips and tightening the mouth corners,
White finds it possible to slide lip out of the mouthpiece
while playing, and that this usually occurs when descending
in range, but he states that it is not possible to slide more
lip into the mouthpiece while playing, nor return lip to the
mouthpiece which was allowed to slide out,

Stevens states that the amount of lip in the mouthpiece
is not the critical issue; rather, it is the amount of lip
exposed to air between the teeth edges, together with the
tension in the lips. This amount is changed by jaw movement
which opens or closes the teeth aperture; it is not acconm-

plished by changing the outer contact of the mouthpiece.

1II. Mouthpiece Factors
A, Mouthpiece Placement

There are three different facets of mouthpiece place-
ment, and each deserves separate discussion: (1) approach,
(2) placement, and (3) changes in placement during playing.

(1) Approach.-~This might appear rather unimportant to
the uninitiated., Actually, much has been written concerning
this, and one entire school of playing (14) has arisen around
an approach technique. This theory states that in bringing

the mouthpiece toward the lips, the player may pull the lips



apart, roll them inward or outward, pull the cormers up or
down, hook the upper lip over the lower, do some combination
of these, or hold the lips in their normal relaxed, closed
position. Often the player is unaware of which of these he
is doing, which will fit his playing best in terms of his
physical characteristics, or what the consequences of each
act are. As the mouthpiece reaches the lips, they should be
touching and &ligned prefsrly vertically and horizontally
opposite the teeth opening. The grip of the mouthpiece
against the skin tends to hold the lips in the position‘'they
are in at the moment of contact. For this reason it is-
important that they be in the best possible position. To
help keep the lips in proper position, Reinhardt (80, p. 231)
advises the player to place, inhale, then play; never inhale,
place, play. Caruso (1l4) goes even a step further, advising
that for practice purposes the player place, inhale through
the nose, then'play. Hanson (41, p. 64) states that as the
player is about to make placement, he should form the lips
as if he were to play a high note, then make placement,
thereby assuring that enough lip will be in the mouthpiece,
Reinhardt (80, p. 250) recommends that the player approach-
the lips with the instrument in the exact playing angle.: This
sets the Jjaw as well as the embouchure. Grocock (39, p. 6)
says that the mouthpiece should meet both lips at the same

time,



8

{(2) Placement.=-~In covering all facets of mouthpiece
placement as discussed in the literature, two dimensions,
lateral placement and vertical placement, must be related to
the following factors: (a) instrument type, (b) timbre,
(¢) comfort, and (d) lip muscular freedom.

(2) Instrument type.--For many years recommendations

concerning vertical ylacément were tied to instrument ftypes:
1/3 upper lip for trumpet, 2/3 upper lip for French horn,
1/2 or higher placement for low brass. This idea has gradually
changed, recommendations now being based on lip freedom,
timbre, and individual differences., An exception to this
is noted in the case of French horn, where almost unanimous
agreement still prevalls in favor of 2/3 upper setting
(29, pe 22)s Stevens (Appendix) recommends an approxi
mately centered vertical placement for all instrumentsy
using the lip aperture as the dividing line, with very
slightly more lower lip than upper in the mouthpiece.,
Regarding lateral placement, all agree that a centered
placement is bést for all instrument types, with exceptions
made for individual differences in teeth structure. These
are discussed in sections (c) and (d) below.

(b) Timbre.--It is génerally agreed that a higher-

mouthpiece vertical‘placemsnt nakes for a darker, heavier
tone. This tonal characteristic appears more in vogue in

the United States today, particularly in ensemble work, The
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lighter, brighter tone is considered more socloistic. Later-
al placement has 10t been discussed in relation Lo timbre.

(¢) Comfort,--Scome writers susgest that comfort is

s L]

the most important coanslderation in wmouthpiece placement.
Bellamah (5, pe 7}, for example, states that the groove or

o e

grip position where the mouthiplece feels most comfortable and
respouds best determines placement, Gibson (34, p. 20)
racommends thatl the student be allowed fo find his natural
placement., Comfort has been discussed from two viewpoints:
exyiratory comfort and teeth comfort.

fxpiratory comfort has fto do with alignment of the
mouthpiece opposite the largest opening between the upper
and lower front teeth., This position will normally be in
front of the two central incisors. Porter (76, p. L) says
that 4f the opening helween the frount teeth is larpger on one
side than the other, the mouthplece is shifted toward the
side with the larger opening.

Teeth comfort may be defined as freedom from pain, and
proper support to the lips. The mouthpiece may push the lips
against the sharp edge of a rotated or protruding tooth,
causing discomfort, in which case the player will have to
shift the placement or have dental correction.

A shift in lateral placement, if small, may not be
detrimental. Lyon (57) states that he plays with the moulh-
piece slightly to the left of center and considers this no

problem. He believes that under these circumstances,
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attention must center upon retaining the lips in their
natural resting position, not pulling them over to align
them with the mouthpiece, In this case, because of the
shifting of the wmouthpiece to the left and retaining the
natural poesition of the lips, he reports that he blows to
the right of center of the mouthpiece throat,

(d) Lip muscle freedom,=--The teeth support the lips

by providing a sort of "lay" against which the mouthpiece
presses the lips. One often hears in brasswind discussion
that a comfortable playing Ygroove" in embouchure is ad-
vantageous. The player thefeby has a quick reference

point in mouthpiece placement which supposedly improves
consistency in placement and, therefore, performance. This
may be an oversimplification of a very complicated problem,
which will be discussed in greater detail in Section VIII
below. Such a groove may well be an advantage if lip and
teeth alignment are compatible with it and if the lips are
not pinned down in the groove as nouthpiece pressure in-
creases for high range. Unfortunately, no accurate descrip=
tion of such a groove is available, On the other hand, Shiner
(90) and Shiner (91) believe that an outward V shape formed
by the upper ceéntral incisor teeth produces optimum muscular
freedon and support. Students under their tutelage who do
not have a natural V formatidn- are advised to undergo ortho-

dontic treatment to effect one. Mouthpiece placement is



then made on the most forward projection of the fteeth, a
position which ordinarily corresponds to the center of the lips.
This contact keeps the greatest pressure of the mouthplece at
the center, preventing any pinning down of the upper lip at the
sides of the mouthpiece or isolation of the lip from muscular
control, They do not conszider bottom lip ss being so critical.
stevens recommends that in the cass of irregular teeth
the player should place the mouthpiece equally on the two
most forward points of the bobttom front teeth, bringing for-
ward the lower Jaw until the bobtom teeth are verticallly
alighed with the most protruded upper tooth, allowing the
upper lip to absorb any irregularities present in the upper
teeth,
routhplece placement is also a factor in lip alighment

and will be discussed in Section VI-B below.

hed

2+ Changes in placement while playing,--~Once the player

has placed The mouthpilece against the lips, the grip of the
mouthpiece against the skin tends to hold the coantact points
constant until the mouthplece is removed or shifted., How-
ever, it has been noted (Appendix) that the player can,
without noticing it, pull some Lip out of the mouthpiece by
contraction of the labisl tractors (upper lip levators, lower
1ip depressors). These ruscles may easlily overpower thelr

antagenists, the lips; the grip of the mouthpiece, even with
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great pressure, is not sufficient to hold the lips in posi-

tion against the strong contractiocn of these muscles.

B+ Houthpiece Angle

The mouthpiece angle determines whether or not the in=-
strument (trumpet or trombene) is held in a horizontal or
slanting position and points straight ahead or off to one
side. This matier is of secondary importaﬁce g0 far as em-—
bouchure per ce is concerned, Father, the angle formed by the
mouthpiece and the supporting front teeth is of primary con-
slderation, The mouthplece should be placed at a right angle
te a straight line drawn between the biting edges of the upper
and lower front teeth, and should be pointed shead in asuch =a
ménmer that the pressure is egual on hoth the left and right
sldes of the mouthpisce. The position of the instrument, then,
would be depencdent upon the angle of the head, the forward or
backward position of the jaw, and the contour and slant of the
froat teeth. TFarkas (29, p. 8) warns that if mouthpiece
pressure is at an inclined angle to the flat slippery surfaces
of the front teeth, the pressure will cause a sliding motion
of the lips against the teeth. He advises that mouthpiece
Pressure e equalized over both lips, a position which would
mean in wost cases that the mouthpiece angle forms the right
angle described above. Another comment, typlcal of many in
the literaturs, recommends tha® 1f the upper teeth slant out=-

ward, the instrument will be pointed upward; if they slant
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inward, the instrument will be pointed downward. A great many
brasswind teachers subscribe to a pivoting of the mouthpiece
while changing registers in playing. Outwardly, this method
would appear to be a change of mouthpiece angle., Actually,
the pivot accompanies a movement of the Jaw, and is necegm
gary to maintain the ninetly degree angle ¢f the mouthpiece

ag described above., The findinge of Haynie (42, p. 11) sup=-
vort this theory. Those teachers who 40 not subscribe to the
pivot are opposed Lo any forward or bhackward movement of the
Jaw in playing (95, p. 37). The consiztency of these two

methods 1s apparent,

Cs Mouthpiece Pressure

The pressure of the mouthplece against the Iips has
been much discussed in the literature and from three dif-
ferent aspects: (1) amount, (2) distribution, and (3)

Timing.

(1) imount.--Henderson (19, p. 61) found that an artist

performer used one and three-fourths pounds of pressure in
playing high € moderately loud, aud over five pounds of pres-
sure for the same pitch very loud. He found that a poor
player used three and one-half pounds of pressure for hign

U moderately loud, IHe found that for an efficient player

the mouthplece and air pressure curves for any plaved series
are parallel, and that the divergence of these curves is a

measure of the degree of dependency a player puts upon
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mouthplece pressure as a substitute for muscular tension.
Mouthpiece pressure was adjudged an undesirable substituie
for muscular tension; the amount should always be slightly
more than needed to keep alr from escaping sround the mouthe-

plece.,

white (126) believes that not only are mouthplece and
alr pressurs curves parallel, but that the pressures are also
approximately equal in efficient playing, with mouthpiece prese
sure being only slightly greater,

Haynie (L2) and Bouhvys (9, p. 975) found that mouth-
piece pressure increages with upper register performance and
increased dyunsmics. Farkas (29, p. 16) states that as the
player tires, he used nore pressure. Thus, variable amounts
of pressure are applied depending upon pitch, loudness, and
rosalbly fatigue.

subjective attempts to define the correct feeling of
mouthpiece pressure have been of value, Stevens (96) says
that the mouthpiece "must not go through the lips to the
teeth," Rednhardt (80, p. 230) divides the embouchure into
two parts, inner and outer, and writes that sufficient prese-
Fure must be used to make the two merge. According to
him, toc little pressure allows the mnouthplece to drift,

Mendez (64, p. 22) says that there should bs 1o imprint of

i

the mouthplece on the lips after playing.
Many writers warn that too much pressure is harmful to

the lips, because 1t makes them less sensitive.



(2) Distribution of pressure.--riters usually advise

the player sither to distribute the pressure equally tc both
lips, or to press slightly more on the lower lip. In no case
was a statement found in favor of vpressing more on the upper
lip than the lower,

There is disagreement as to where the pressure is con-

Be 5) writes of four

b

centrated on each lip. Mueller (68,
points of distribution, ftwo upper and two lower; Stevens (96 )
recomnends three, one upper, two lower; and Shiner (91) recom-

mends two, one above and one helow,

(Z) Timing.--Colin (19, v, L) says that soume players

trap themselves by pressing against the lips a split second
hefore the lips conitract, especially when there is anxiety
about an upcoming passage. Thieck (110, ». 121) agrees, ad~
vising the player to contract the muscles before increasing
mouthpiece pressure, for contracted muscles betier Withstand
mouthpiace Pressure. tevens (96) agrees with Colin, but
disagrees slightly with Thieck,., He bwelieves that the player
should not increace the nmouthplece pressure before increasing
the air pressure, an act which he belleves causes the muscular
contracticn, It appears that 1f the lips are weak or 100 re-
laxed, mouthplece pressure causes the lips to be pressed
agailnst the teeth, a positdion which harms the lips and impairs

the tone.
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IVe Corners of the Mouth

As Movement of the Cornmers While Inhaling

Brasswind teachers usually instruct their students to
breathe through the corners of the mouth, Typical of the
instructions is the comment by Sexton (Appendix): “The cor=-
ners should be stretched back toward the ears, to allow much
air to enter the mouth quickly,”

White and Stevens (Appendix) disagree, stating that the
corners should remain relaxed during inhalation, remaining
motionless, and that the player should breathe by dropping
the tongue and opening the jaw. The rationale behind this
statement 1is that the player is better able to align his
lips over and over if the corners remain in their normal
relaxed position during inhalation, Haynie says to let -

nature decide what the corners do,

Be Movement of the Cormers While Exhaling (Playing)

While producing tones, the player may move the'corﬁers
laterally, or somewhat vertically at an angle upward or
downward. Much has been written about this, with the usual

differences of opinion.

(1) Lateral movement,~-Lateral movement consists of
pulling the corners backward or forward. Early writers
recommended that the corners be pulled back as if smiling"

(which is in fact an upward and back rmovement), especially
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when playing in the high register., This recomumendation has
been changed bylnearly all authors today. Richtemeyer surw
veyed 118 professional players and teachers and found that
the majority listed an extreme smiling position as an enmn=
bouchure abnormalcy,., Many teachers now recommend that the
lips ke drawn forward into a slight pucker when playing,
arguing that the lips are therefore stronger and that the
thicker 1ip provides a better cushion between the teeth
and mouthpiece; resulting in less likelihood for lip damage.
Also, the vibration of the thicker lip produces a darker
tone than the thinner lip, Malek (59, p. 163%) found that
of fifty-two professional trumpeters interviewed, prac-
tically all recommended contracted rather than stretched
lip. Peyron (74), in making a spectrum analysis of brass-
wind tanes,'ccncludedlthat the Y"pucker" embouchure promotes
betler integration to the harmonic series than does the
stretched or smile embouchure,

Other writers recommend that the corners during per-~
formance should remain in their basic, natural position,
their position when relaxed (3, 6, 29, 42, 95, 126). This
is sometimes referred to as a Ypuckered smile," Schuller (86,

Pe 20) says that no matter how relaxed or tensé,the corners

must not pull up, down, or out,

(2) Vertical movement.--No recommendation was found in

the literature_that the corners be raised during brasswind
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perfornmance, unless one interprets the smile mentioned ahove

~

a8 an upward movement, There are writers, however, who recoin=
mend thal the coruers be pulled downward iun playing. Tanner
(100, p. 57), in talking with 100 itrombone teachers at colw
leges and universities, found some who advise pulling the
corners down. Sexton (Appendix) advises pulling them down,
not back, for the upper range. Graham {37, p. 35L) says that
they must go down and in for ascending pitches, Tetzlaff
(103, pe 368) says that while ascending, one should draw *he
corners down and sxhale faslter.

According to White and Stevens (Appendix), corner place-
ment ds baced upon alignment of the lip aperture opposite the
teeth aperture. If such aligmment does ncet cccur naturally
with the corners in their relaxed position, ihe corners nust
10ve. White ads that should the player have any physical
charscteristic (Jaw or teeth) that causes the player to push
the upper 1ip up with the mouthplece and oul of aligmment,

the player would need to depress the corners of the mouth for

hign and loud playing,

Le Tension in ihe Cormers

wecommendatlons in the literature concerning firmness
in the corners vary from keeping them relatively locse to
keeping them firm at all times. The consensus appears to
favor keeplng the corners firm, the exact tension veing de-

pendent upon loudness and range. Tension is greater for
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very low and very high tones than for tones in the middle
range, and greater for loud than soft tones. However, there
have been no studies which would indicate the amount of firm-
ness lavolved,

Haynie (Appendix) describes the corners as firnely rew
laxed, Beverinson (88) seens to agree, recommending that
the corners te firm hut comfortable so that the 1ips and vi-
brating area céﬂ remain fully relaxed, Ferkas (29, p. 16)
and Mendez (64, p. 32) state that if the player is performing
correctly, the first signs of fatigue will occur in the
COINBrs.

There are some teachers who advocate that the player
contract the coriners against the teeth when playing., The
reascns for this advice vary: +to avoid puffed cheeks {(Appen~
dix}; to pain a feeling of strength (Appemdix); 1o aveld slack

in both upper and lower lips (Appendix); to help achieve the

s

votal, balanced muscle aclivity in correct embouchurs posture

{Appenddix),

Ve TFacial Muscle Activity

fLs  Buccinator (Cheelks)

There is confusion concerning the function of the cheelk
muscles in brasswindg performance, Distension of cheeks while
playing is considered = silgn of poor technigue by most
players and teachers, although several profesegional players

in the popular field perform in this manner. There
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is apparently no experimental evidence to indicate that the
player who keeps his’cheeks taut has any advantage over the
player who allows his cheeks to puff.

The buccinator muscle contracts to hold the cheeks
tightly against the teeth, or, if the lower jaw is dropped,
it moves the cheeks between the upper and lower molars, If
the muscle is relaxed, the slightest amount of intracral air
pressure will distend ﬁhe cheeks, However, such distension
does not stretth the cheek muscles, their fibers being
longer than the distance between their attachments. For
this redson, the muscle should function as well in the
distended position as in the flat position., Whether or not
the cheeks distend during performénce, then, depends upon
the intent of the player with regard fo the-amount of air
pressure produced and the amount of resistance offered in
the bucCinator. Puffing the cheeks tends to relax the
labial tractors, making it easier to hold the lips together.
It also keeps the modiolus in the normal position, except
for movement outward from the teeth, Unfortunately, it
appears that players who distend their cheeks have never
cared to defend their technique, nor to describe how they
play. For the most part, they perform primarily popular
music only, and are possibly more interested in playing than

in analyzing their skill for teaching purposes.
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On the other hand, much has been written in support of
keeping the cheeks taul during performance. For example, Eby
(28, p. 16) states that the cheeks should constantly hug the
teeth and gums, lightly but not firmly. Haynie (Appendix)
says that the cheeks should be firm in the low register,
gradually getting firmer as range ascends, but staying as re-
laxed as possible for any given note. Sexton (Appendix) says
that they should be firm throughout, for control of pitch
level., Stsvens (Appendix) says that the compression in
the mouth chamber will determine tension, always being
enough to prevent distension of the cheeks, White (Appendix)
says they should be firm at all times, relative to range and
loudness~-the higher and/or louder the playing, i.e., the
more the air pressure, the firmer the buccinator muscles
will be.

The buccinator also pulls back the corners of the mouth
during contraction if unresisted by the lips. Farkas (29,‘
Pe 12) advises'the player to maintain a balance between the
contraction of the cheeks and lips, so that neither thersmile
nor the pucker wins the siruggle between the lip muscles and
all the other facial muscles which radiate outward from the

lips -

By Upper Lip levators (Quadratus Labii Superioris)

Some teachers recommend that these muscles should be

tensed in brasswind performance, others arguing that they
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should remain relaxed, Winter (128, p, 21) writes that the
upper lip should be braced upwards by a light pull from the
levators, resulting in a slight flaring of the nostrils and
two distinct lines curving down from the outside of the nose
to the corners of the mouth. This idea is consistent with his
concept of embouchure as a balance of tension between the -
lips and other facial muscles., Haynie (Appindix B) agrees,
adding that the tension increases with ascending pitch,
Stevens and White (Appindix B), on the other hand, argue
that the levators of the upper lip should remain completely
relaxed at all times, since contraction of these muscles
tends to pull the lips apart, According to this theory, the
firmness needed in the lips for vibration is attained as the
lips oppose the air flow, the greater the air pressure the
greater the lip tension. White (126) emphasizes, however,
that he is not;sure that lip firmness or lip muscular ten=
sion is what is needed for vibration, increasing for ase
cending pitch., He believes that the increasing lip tension
(especially upper lip) that actually occurs with ascending
pitch is a relatively small ingredient accounting for the ine
creasing rate of lip vibration for ascending. He believes
that the more important factor is the reduction of the vi=
brating mass along with increased air pressure. Increased

muscle activity is necessary to hold the 1ip position against



this increased air, and should be much meore in the muscles
outside the lips (LAC, DAC, and otheras), and as little as
possible in the lips themselves (especially the upper lip).

.4 4

White and Steveng bellieve that tension in the levators

&
m

unnecessary axtra burden, encouraging mouthiplece
pressure as an aid in holding the lips in positicn, Sexton
(Appendix) agrees that these muscles should be as relayes as
possible, but dogs not feel That 1t is possible to completely
relax thew in upper range.

White and Stevens believe that tension in the levators

é;’)

adds an uvnnecessary extra bhurden, encouraging mouthplece
pressgure as an ald in holding the lips in position. Sexion

o

(Appendix) agrees that these muscles should be as relazed as

i3

possinle, but does not feel that it is poseible to completely

relax them in upper rangs.

C., ILower Lip Devressors {(Quadratus Lavii Inferioris)

The lower lip depresgsors are not to be confused with
the mentalis (chin) muscles. Some writers appear to confuse
the lip depressor and mentalis nmuscles, referring to nuscles
that point the chin as chin nmuscles. In attempting to

undgerstand thelr descriptions, the assumption is made in

this study that reference is made to the depressor muscles,
not the mentalis (which perforx the opposite function) when
such writers recommend pulling the chin downward or keeping

k.
L

flat and pointed. Some lteachers recommend that the lower

{""
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lip depressors should be tensed, others that they should be
relaxed. Hanson (41, p. 62) and Tarkas (29, p. 12) recommend
thal the chin muscles be pulled downward, avoiding rigidity.
Moore (67, pe G) apparéﬂtly is recommending the same action in

stating that the chin should be held flat. This view is con-
€

C’)

sistent with the concept of bhalanced tension between the lips
and other Tacial muscles. Noble (69, p. 5L) recommends that
the chin be pulled down by coantracting the lip depressors and

the depreesors of the corners of the meouth. The purpose in

this nove is to keep the lips smooth and pliable inside h

[o

monthpiece. The mentalis, which in contraction bunches up

the chin, would have the opposite effect, wrirkling the 1in

and meking it less pli

ﬂa}

ple. Haynle (Appendix) says that the

muscles should be tensed=-the higher the pitch, the greater

Ln contrast to the above, Sexton (Appendix) says that
the depressor labil wuscles should be as relaxes as possible.

Stevens (Appendix) seé

4]
o)
<&
n
o
b
i
(-]

snould be relaxed so that a pro-
per cusailon can be malntained for the mouthpiece on the
lower lip. White says they should be relaxed to allow the

-
L

lips to remain closed, working only agalnst alr pressure,

4 "

De  Chin Muscles (Mentalis)

Jhen the chin muscles contract, they raise the flesh

of the chin, causing 1t to push upward agalnst the lower

lip and force it in an upward direction, These nmuscles are
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antagonietic to the depressor labili muscles, which usually

+

relax as the mentalis contracts, although it is possible o

T o

contract both silmultaneously., If the lower Lip is resisted

by the upper as the mentelis contracts, the two lips are
brought firmly together. Under such clrcumstances the men-

-

talis is an aid In closing the lips.

3 -

some teachers advise keeping the chin muscles relaxed

during performance; others advise contracting them. Farkas
(29, p. 16) considers any pulling upward of the chin muscles

a gerious fault, and one of the more comwon faulis observed

in playing. This idea is consistent with his "tug-of-warh
concept in which the tenmsilon of the lips 1s balanced by those
facial nuscles which antagonize the lips, and this technique
would, of course, rule out the mentalis. HMNoble (69, p. 54)

as indicated above, states that the mentalis must be relaxed
in order %o keep the lips smooth and pliable inside Lhe mouthe
piece. White (Appendlxn) says that the mentalis should be re-

LBl

laxed or it will tend to push the lips upward out of ali
ment with the teeth opening., However, he gqualifies this
somewhat by saying that one can feel some tension in this area
of the face while playing,a ccncesgion which indicates that
pogsibly the mentalls is not completely relaxed. Hde feels
thal it is wrong 1o euphasize Lhis temsion or deliberately to

attempt to contract these muscles.

o 1.

Stevens (Appendix) states that the mentalis should be

always in a state of coptraction, the degree belng dependent



upon intent and range.
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this view,
reglster,

and sat,.

stating

the line
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by (28, pe 17) seems to support

that in yroceeding from the low to the high
of the chin rises and then becomes firm

B, ZLips (Orbicularis Oris)
It was stated in Chapter II that the lips are by far the
most couplicated area in the oro~facial musculature. This

complication will

the lips

a8 Dile.
it is often more

the other.,

he lips

in brasswind embouchure
are nct a unit anatomically, but they tend

Although each lip

may perio

becone even more apparent now as lip action

isg As shown in Chapter II,
to function

can act dndependently of the other,

-ty

ratural for each fTo mirryow the activity o

Y
iid

four hasic movements, singly or

in any combination., These include (1) pulling the corners
toward each other, (2) touching the lips together, (3) tigh-
tening the lips against the teeth, and (4) rolling the red
of the lips inward., In tensing to perform (or attenpting to

perform) these

novements,

may contract isometrically,

igotonically, or a cowbination of the two; i.e., the lips nay
be held at thelr natural resting length while becomins irmer,
Or taey may be pulled inteo various shapes and positions and
held there while beconming firmer or sofier as they interact
wi.tl other muscles and with alr pressure directed against them,
“hese four fasic novements have been discussed at len gth in
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the literature, and only representative Opinions will be given
conceraing them.

o

(1) Pulling the corners of The mouth toward sach other,m=

This novement was discussed in Section IV above, majority
Opinicn favoring the holding of the corners in their natural
resting position, This position would require that the pull
0f the buccluator he egualled by the pull of the dncisive
mugeles, both acting gimultaneously., There is considerable
opinion in favor of a lightly Ppuckered condition., This posi-
tion would require that the incisive muscles acth firet, or in
& dominant role, until the corners are moved into fhie POSL -
tion, at which time the buccinator and incisive muscles would

again equalize each other in their pull,

(2) Touching the lins together.—-This position will be

discussed 1in considerable detail in Seciion VIT below, when

1ip end teeth aperiures arve described, Scme players have
stated that the lips must feel Open when playing, This view

iz 0ot surprising in view of TLeuno's finding (54, pe 27) that
during the lilp vibration cycle, the lips are apart thirty times
as long as they are together. Most teachers, @owever, state
that the lips nust bLe tept close together, as if saying the
letter 1/, Caution is given against squeezing the lips so
tightly together that the tone becomes pinched or choked,

Playing difficulties in the high register are often

atiributed to imability of the performer to keep his lips
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touching, Reinhardt (80, p. 30) says that low and high tones
are identical in that they are produced with the lips touch-
ing. The difference is in the amount of lip compression

(pinching power) employed.

(3) Pulling the lips against the teeth.~~The consensus

from the literature favors pulling the lips against the teeth
while piaying, leaving some upper and lower lip free past the
edges to vibrate. There is a variation in opinion as to just
how tightly the lips should be pulled. Bellamah (6, p. 9)
recommends that the muscles be held tightly against the

teeth as the player ascends in pitch, Autrey (2, pe 10)
disagrees, saying it is impossible to Play with eass if the
lips are stretched back tightly against the teeth. Hanson
(41, p. 62) recommends that the lips be cushioned to a de=-
gree by puckering, but that they remain flat against the
teeth and not protrude into the mouthpiece,

Colin (19, p. 267) does not agree that the lips should
be pulled against the teeth. He states that air pockets bew
tween the teeth and the lips afe advantageous in that they
resist the mouthpiece pressing against the teeth, and therew

by make the embouchure more responsive,

(&) Movement of the red of the lips inward/outward,~-~In
considering this aspect of 1ip movement, lip-surface charac-
teristics must be borne in mind, The lip surface is softer

near the inner nucosa, becoming increasingly hard toward
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the outer, normal skin., Thus, if the contact point is in
the scoft part of the lip, the vibrational mode is less con-
piex, becoming more complex as contact approaches the verw
milion border. Further, the muscular contraciion necessary
to turn The red inward apparently adds firmness to the lips
in direct proportion to the amount of muscular activity,

It should be remembered that the labial tractors pull
the red of the lips upward and outward in antagonism to the
compressor labii and buccinator which close the lipe and
turn the red integument inward. Alsco, breath passing through
the lips forces the lip red outward. The compressor lahii and
buccinator then must contract in opposition to breath pres-
sure and to any possible activity in the lahial tractors.
Furthermore, the grip of the mouthpiece tends to hold the
4ips in a fixed position., It may be difficult if not impos-
gible to turn the lips inward against the cowbined resistance
of labial tractors, breath pressure, and mouthpiece grip.

A1} these factors have an influence on the amount of %tension
in the lips, the firmer lips belng conducive to high reg-
ister and bright timbre. They slso have great bearing upon
1ip resgilience,

In the three basic lip movements just described, lips
most naturally act together as one, However, when red of the
lip is moved inward or outward, this statement is less true.
The player may easily turn both lips inward, or may just as

gaslly roll one in and leave the other in its natural position,
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this latter case, the softer surface of ore lip will contact
the harder surface of the other, and one 1lip will be more
contracted than the other. Mouthpiece placement and jJaw
placement also affectrthe lip contact point. These factors
determine whether one or both lips vibrate, and which lip
vibrates more, Pitch, timbre, and flexibility are all deter-
mined in part by these factors.

The literature is filled with recommendations cone
cerning the red of the lips. Some representative statements
appear below:

For a fuller, rounder tone, the red of the lip
must vibrate. Tuck the upper lip under to thin out
the lip and permit the white are to vibrate more
clearly and precisely. The lower lip should be flat
and firm, not rolled. (30, p. 300),

The red of both lips should be allowed to turn
cutward in the low reglster, and inward slightly in
the upper registers (Appendix).

The red of the lips should not be turned outw=
ward in any register, Rather, it should be turned
inward slightly (Appendix).

The lower 1ip pulls in and upward as the player
ascends, rolls down and outward as he descends. The
upper lip remains in the original position (66, p. 358).

In order to create the grip necessary to play
in-the high register, close the lips tightly, keep
them parallel, and roll the red flesh in over the
teeth (95’ P 162)41

The player may discover that the soft, inner rad
of "the lips is more easily brought into vibration than
the outer red, and will pucker in such way as to vie
brate this area, The resulting tone, however, is not
well defined. The lips should be "set" so as to keep
this soft tissue away from the vibrating area (114).
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Fe Depressor of the Corner of the Mouth
S (Depressor Angull Qris)

This is probably one of the more important muscles in
embouchure, contracting in antagonism to the levator of the
corner of the mouth to pull the lips together and make the
corners firm. It also helps establish the vertical alignment
of the corners, and therefore the alignment of the lips op-
posite the teeth aperture. Only one reference to this muge
cle could be found in the literature., Stevens (55, p. 25)
states that the lip alignment is gently locked in place by -
this muscles White (126) is presently engaged in an elecw
tromyographic study of this muscle with eighteen trumpet
players.

G, Levator of the Corner of the Mouth
o (Levator ARgull orisy
As' the antagonist to the depressor anguli oris, the

levator anguli oris is equally important in establishing the
vertical alignment of the cormers. Nothing could be found
in the literature concerning this muscle, other than ine
cluding it in listings of muscles., White (126) is studying

this muscle also,

H, Platysma

Very little is known of the role this muscle plays in
embouchure, Nothing could be found in the literature con=-

cerning it. In its role of pulling the corners downward and
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laterally, it thins out the lips and pulls the upper lip

downward against the upper.

1. Risorius
This muscle is poorly developed or missing in many
faces., Although mentioned often as the muscle responsible
for pulling the mouth corners straight back laterally, it

probably has little importance in embouchure.

Jeo Zygomaticus Major

This muscle is also mentioned very little in the litera-
ture. In its action of raising the corners and pulling thenm
laterally, it could be troublesome to players with short
upper lips. It probably has little use in embouchure, ex-
cept for persons who have a long upper lip and short upper
teeth,

K. General Facial Tension

Opinions vary concerning the amount of tension the
player should feel in playing, Haynie (Appendix) says
there should be a feeling of firmness in the low register,
increasing as the pitch ascends, with a feeling of reserve
as far as possible. Sexton says the feeling should be one
of relaxation., Baker (3) emphasizes this., Stevens (Appen=-
dix) states that there must be both tension and relaxzation,

White (Appendix) says there nmust be a general feeling

of tension, concentrated more in the lower portion of the
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face, the amount determined by air pressure. Sexton reports
that as he plays, he feels the tension in the lips more than
in the face., Haynie feels that the tension spreads to in-
clude all facial muscles.

Kleinhammer (51, p. 23) writes that the muscles used in
forming the embouchure are to be minimized in their number,
as well as in their motion, for purposes of agility, flexi=-
bility, and efficiency. As stated earlier, he believes that
most trombonists use too much facial muscle contraction too
far away from the efficient function of the embouchure to be
of tone-producing value. They not only work too hard, but
distract from the sensitivity, ease, and finesse of the
muscles’ that should be used exclusively in forming the
embouchure,

Spaulding (86, p. 13) suggests that the player imagine
he is playing an octave lower than he actually is playing,
thereby keeping more relaxed and providing reserve to play
higher.

Nagel (120, p. 173) says that most symphony players use
large mouthpieces and horns and therefore must hold or set
their embouchure more firmly than jazz plavers. Ciurczak
(17, pe 51) says the student must always feel that each note
he plays rides freely upon a strong column of air while the
embouchure remains relaxed and relatively free of mouthpiece

pressure.
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Tetzlaff (109, Pe 22) writes that one of the most diffi-
cult problems the brass player encounters is in relaxing
those muscles not used in playing--to funnel energy only to
those muscles which obtain results. In ascending there is a
tendency for the smile to gain control,

Stevens (95, pe. 45) states that the use of contradice
tory muscles is one of the most prevalent fundamental prob-
lems he has found.

"if the lip aperture is correct and no sound comes,
either there is too much tension in the lips and not enough
air pressure, or 100 much air pressure and not enough lip
tension® (95, p. 60), |

"Change in aperture size does not mean added lip ten-
sion, If this were true, soft playing, which requires a
small aperture, would mean low tension, But soft tones are
produced with less quantity of air, too little to activate a
rigid, highly contracted lip. Loud tones require a great
work load from the embouchure" (114, p. 8).

VI. Alignment
There are two aspects ¢f aligmment in embouchure:
alignment of the lips opposite the teeth (horizontal align=
ment) and alignment of the lower lip with the upper lip

(vertical alignment), These will be discussed separately.
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As  Alipnment of the Livns Opposite the Teeth

Tnere appears to be considerable agreement among brasge
wind teachers that the opening between the lips should be
well alipgned opposite the opening between the teeth. This
is one of the important recommendations in the pivot system
of playing (80, p. 236), and it is constantly stressed in the
Costello system (95), Stevens (Aypendix) states that there
pust be an equal amount of upper and lower lip opposite the
teeth aperture, and that where an upper front tooth is
longer than the others, the longer tooth will establish the
boundary line, TFurther, "at no time should the bottom lip
facing be shorter in length than the top 1ip reed within the
mouthpiece™ (95, p. 56). According to his theory, the lips
must form a straight line hetwsen the corners of the mouth,
a position which may necessitate pulling the corners vertically.

The purpose in alignment is to keep the lips in posim
tion to recelve air, and free fo vibrate under zll playing
circumstances, Foor alignment may result in the impeding
of lip vibrations as the mouthpiece pushes the lip=s against
the teeth. This is critical in upper register playing, and
in playing softly (Appendix). |

Stevens (Appendix) says that alighment is maintained by
fixing the coruers properly and by not using the muscles in
the upper half of the face, White (Appendix) cautions that
cutward-slanting teeth create a problem in alignment, mouth-

piece pressure lendiug to cause the upper 1lip to ride the
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upward slant of the teeth and thereby move upward out of
position., Under the pivot system (80, p. 236) the player
uses the mouthpiece to push or pull the lips into position.

Bs Alignment of the Lower Lip With the Upper Lip

Opinions vary widely regarding alignment of the upper
and lower lips, some favoring an even alignment, others a
receded position of the lower lip. In no instance was there
found a recommendation that the lower lip protrude beyond
the upper. Some reasons given in support of the various
opinions follow.

The red portion of the upper lip should very
slightly overlap the lower lip, as the upper lip
vibrates more than the lower lip (41, p. 62).

To play the high register, form a small aperture
by placing the lower lip up and under the upper lip.
Keep this setting for the low register, relaxing
(1063 Poe 22).

The lower teeth should recede approximately 1/8
inch, thereby bringing the lower lip back, making room
for the lips to vibrate (190).

The even alignment produces a fuller upper register
than does the clamping effect of the overbite (114,

Pe 36).

The air column must continue in a straight line
through the mouth, lips, and finally the horn. This
is done by an even alignment of the lips (29, Pe 7).

Do not allow one lip to overlap the other. The
lips must be evenly aligned so that both lips can
receive an equitable distribution of weight of the
mouthpiece (Appendix). :

The position of the bottom lip determines which
part of the top lip vibrates, for it will vibrate wher-
ever the bottom lip creates a facing or base (95, D.
42)}e (Note: Stevens does not say which part of the
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lip should vibrate, but since he advocates even

alignment, with the red of both lips tucked under,

he obviously believes that the contact point should

be in the outer red of both lips. If the lower jaw

recedes, the contact point would be more toward the

inner red of the upper lip.)

Lip alignment is determined by two factors: (1) lip
alignment of the lower teeth with the upper and (2) place~
ment of the mouthpiece on the lips. Teeth alignment, in
turn, is determined by the location of the lower jaw in
relation to the upper jaw while playing, The rlayer may
move his Jaw forward, or to a very slight degree backward,
changing jaw relationship, and thereby changing teeth
alignment, Since the teeth form the backdrop for the lips,
teeth alignment affects lip alignment and lip proximity,

Mouthplece placement also affects lip alignment. 4
low placement brings the pressure of the mouthpiece nearer
the vibrating edge of the upper lip, shortens the vertical
length of the lip inside the mouthpiece, and holds the lip
close to thé teeth, while at the same time the lower lip is
Proportionately lengthened vertically and given more room
to move horizontally with the flow of air. Conversely, a
high placement of the mouthpiece shortens the vertical
length of the lower lip, while the Pressure of the mouth-
plece inhibits lower lip movement. The upper lip then has
more freedom to move horizontally with the flow of the air,
This will be discussed in more detail under Section 1X=C be=-

low, Upstrean ¥s Downstream playing.
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Lip alignment may be important, then, as a determiner
of contact point between the lips and a determiner of di=-
rection of air flow into the instrument. It is not known
which of these is the more critical, or whether both, in
fact, are critical, |

Haynie (Appendix) states that the lower jaw is most
forward for the low register, gradually receding as the
player ascends, being careful not to recede too much too
soon. He further states that it would be advantageous to
keep the teeth alignment even throughout the range, for
stability of total embouchure. Sexton (Appendix), however,
states that the normal person cannot align the teeth verti-
cally in the top range because of undue strain on the lower
jaw. ‘White and Stevens (Appendix) believe, however, that if
the teeth can be aligned in the low register, the aligne

ment can be preserved throughout the upper range.
VII. Aperture Size

A, Teeth Aperture

The upper and lower front teeth must be parted in
brasswind performance +to allow for proper flow of air and
to permit part of the tissue of one or both lips to oscil-
late without interference. Most authors do not suggest any

glven size opening, other than to recommend that the opening

be smaller for high range than low.
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Stevens (95, p. 27) has arrived at a very exacting formue
la with regard to teeth aperture. He says that the opening
between the front teeth must be computed from a basic Opehe
ing of 1/4 inch, the teeth alignment being even. For moder-
ately loud playing in the middle range, the opening is approx=
imately 1/4 inch. The opening may increase by 1/16 inch for
low reégister and/or loud dynamics, and may decrease by 1/16
inch for upper register and/or soft dynamics, In a crescendo
from MF-FF on the same pitch, the jaw drops 1/4 of the ori-~

ginal aperture size, i.e., 1/16 inch. To decrescendo MF~PP,

the Jjaw closes 1/L of the original aperture size, i.e., 1/16
inch. To ascend in pitch during a crescendo, the aperture
should remain constant., To ascend in pitch without a
crescendo, the aperture should close slightly, The 1/4
inch aperture, plus the additional 1/8 inch of play (1/16
inch more open, 1/16 inch closed) provides the openings
necessary for all dynamic levels throughout the total range
of the instrument, four octaves or even more (95),

Shiner (90) also has arrived at an exact formula., He
recommends that the opening between the upper and lower
front teeth be 1/8 inch and that the jaw be 1/8 inch re-
cededs This approximates the 1/4 inch opening recommended
by Stevens, but brings the lips into contact in a different
alignment,

Amstutz (1, p. 110) showed through a videofluorographic

study that teeth aperture decreases as pitch ascends, and
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increases as pitch descends, the amount varying between
subjects, Meidt (63} found that four of the five French
horn players in his study decreased the teeth aperture for
high notes, but that one subject increased it., Research
for this study revealed one student who opened the teeth in
ascending., He appeared to be working very hard in the high

register, and his endurance was poor,

B. Lip Aperture

Lip aperture was discussed briefly under Section VeE
above.

It is generally agreed that the lips must touch to
vibrate, Land (54, ps 75) showed further that as part of
the vibration cycle, complete closure of the lips is re=
guired for best tone quality.

According to Reinhardt (80, p. 230) and Eby (28, p. 11)
the lips are never apart except as air forces them open.
Hanson (41, p. 64) states that low tones can be played either
with the lips close or spread open, but that high tones can
only be played when the lips are close. Henderson (45, pe 60}
states that the lower lip controls pitch by squeezing égainst
the upper lip to increase frequency (the upper lip resisting
this action and becoming stiffer), and by restricting the
vibratory movement more to that part of the lip closest to

the Gpening between the lips.
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lip aperture is probably dependent upon teeth aperture,
mouthpiece placement, mouthpiece pressure, air pressure, and
facial muscle contraction, As the upper and lower front
teeth are moved apart by a downward motion of the jaw, the
lips are pulled apart (or not squeezed together as much);
and conversely, as the lower jaw closes, the teeth and lips
are moved closer together. If the mouthpiece is placed
while thé lips are apart, it will tend to hold them in the
parted position, or if closed, in the closed position. As
mouthpiece pressure increases, the lips are flattened and
gpread out, coming closer together. The interplay of
faclal muscles may tend to pull the lips together or apart,
as discussed in Section V above,

Jenkins (48, p. 60) says that two factors preventing
free lip vibration are excessive mouthpiece pressure and
squeezing the lips too tightly together, Conversely,
Tetzlaff (102, p. 24) says that pérhaps the greatest defiw
ciency in embouchure is faiiure to keep enough lip inside
the mouthplece to vibrate easily,

‘Farkas (29, p. 41) writes that the highest, éoftest
note one can play is the result of the smallest possible 1lip
aperture. The lowest, loudest note will require the largest
lip aperture. A perfectly calculated crescendo during an
ascending scale could conceivably be produced with no change

in size of the lip aperture.
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VIII. Teeth Background and Support
The exact function of teeth in brasswind embouchure is
not well understood, Wide variations in teeth structure
and lecation may be found among players even at the pro-
fesslonal level, making it difficult to establich norms

conducive to good performance. A number of studies relating

i

0 thls problem have been made, from which general descrip-
tions of teeth arrangements favorable and unfavorable to
embouchure have been deduced. Unfortunately, these descrip-
tions have had little impact upon brasswind pedagogy,
begluning players in school bvands still are being selected
priwarily on the basis of musical talent, shortage of a
particular instrument in an instrumental program, or persoral
preferences of the player, with Little thought given to
physical requirements,

The role of teeth in brasswind playing might be compared
somewhat loosely to that of the mouthpiece lay in clarinet
tons production, where the distance traveled by the vi-
brating resed 1s determined by the size of the opening in the
lay, lip placement and pressure, and air pressure. In brass-
wind performence, the distance traveled by the vibrating
Lips probvably is determinsed by the size of the opening he-
tween the upper and lower front teetl, the slant of the teeth,
lip tension, mouthpiece size, placement and pressure, and
alr pressure. The analogy is not a particularly close one,

however, in that the vibrating clarinet reed touches the
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fixed lay during the closed part of the cycle, whereas the
vibrating lips touch sach other during the closed part of
thelr cycle., Also, the clarinet reed is approximately the
same length as the lay, while the lips must extend vertical-
1y paet the front teeth edges to vibrate preperly.
Discussions of teeth formation related to brasswind
embouciure have centered on playing comfort., For example,
if a sharp tooth edge causes pain during performance, the
player is advised to undergo dental correction or to shift
the mouthpiece to a more comfortable place, but this new posi-
vion may result in a performance deficiency. However, in re-
cent years other relationships of teeth to embouchurs have

been propounded and will be discussed below.

A. Length of Teeth Compared to Lip Length

It is generally agreed that to vibrate properly, the
lips wust extend past the teeth edges. If the lips and teeth
are the same leugth or if the lips are slizhitly longer that
the teeth, the player can easily close the lips in proper
aligoment in front of the parted teeth, I the upper 1ip
is short, the player must pull it down past the teeth edges
by muscular contraction aud/or mouthpiece push=pull, If the
player uses proper muscular contraction, the situation will

tend to improve itself over a period of time, the short lip

belng lengthened through practice (97, p. 21).
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Porter (77, p. 40) states that when the upper teeth are
shorter than the upper lip, the teeth offer too little sup=-
port for the embouchure, causing difficulty in the upper
range. Cheney (16, p. 451) found this situation in a large
percentage of brass instrumentalists who were unable to
adjust well to embouchure., In this situation, the player
must elevate the 1lip through muscular contraction and/or
mouthpiece push~-pull,

More emphasis has been placed upon the length of the
upper lip than the lower 1ip, yrobably due to the greater
mobility of the lower lip and the fact that most players
consider the upper lip the primary vibrator.

Porter (97, pe 24) says that small irregularities in
tdoth lengtﬁ, such as an elongated front tooth, do not seem
to cause any difficulty. Stevens (Appendix) states that in
such cases, the long front tooth becomes the gauge inrcom-
paring lip and teeth lengths, and in determining the openw

ing between the teetn.,

Be Alignment of Lower Front Teeth With Upper

A great deal has been written about teeth alignment and
the accompanying jaw movenments necessary for proper aligne
ment in brasswind embouchure., Alignment is important in
that 1t determines to a great extent the position of the
~1lips as they touch each other. This was mentioned above

in Section VI-B, lip alignment, but deserves elaboration,
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In discussing the relationship of the upper front
teeth to the lower, dentists use the tern overjet to refer
to the projection of the upper incisors forward beyond their
antagonlsts., There is no term in dental vocabulary which
applies in eéxactly the same way to the reverse situation,
projection of the lower incisors forward beyond the upper
incisors. The term underjet will be coined for his purpose.

Consensus appears to favor an even alignment of the
biting edges of the upper and lower front teeth, at least
during performance in the middle and low registers. However,
in upper-register performance, majority opinion'appears to
favor pulling the lower jaw back and up as the pitch as-
cends. Since the incisors should aupport the upper and lower
lips with equal pressure, pulling the Jjaw back removes SUPw
port, and the instrument must be pivoted downward to keep
the pressure equalized, and particularly to avéid excessive
pressure against the upper lip., Stevens (Appendix) argues
against a change of alignment during register changes, and
against any pivoting of the instrument, He states that the
even alignment can be and should be maintained through all
ranges.

Malek (59, p. 163) found in a survey of fifty-two
prafesaionai players that only five had a slightly receded
Jaw and one; a slightly protruded jaw, with the jaw in a state
of repose. None had extreme jaw recession or protrusion,

Cheney (16) found in a study of sixty-two semiprofessional
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players at the University of Michigan, that difficulties
noted were most often among players with more than nérmal
overjet. This was especially true of players of the smaller
brass instruments, where the smaller mouthpiece allowed less
room for variation. The greater the overjet relationship of
the upper and lower Jjaws, the poorer the adjustment. An
extreme underjet situation was not found in his study, but
he appeared confident that such situations would make brass
instrument playing very difficult. Six musicians with a
receded jaw complained that they were unable to shift the
Jaw forward to properly align the teeth.

Stevens (Appendix) feels that a slight underjet is no
deficiency. Believing, as he does, that the upper lip is
the primary vibrator and that more than one half of the
pressure of the mouthpiece should be against the lower lip,
the forward position.of the lower incisors does not pose a
problem to him. Conversely, Shiner (91) feels that a slight
overjet is no deficiency, and does not suggest that the Jaw
be brought forward to align the teeth. Since the majority
of players have a slight overjet, he advises playing with
the jaw in its normal resting position except for dropping
it to allow for proper teeth opening., In this playing
position, mouthpiece pressure is equalized on the lips by
pivoting the instrument,

Haynie (42, p., 9) found that the majority of subjects

in his videofluorographic study thrust the jaw forward to
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accommodate the low register, and receded the jaw to play the
upper register. He states (Appendix) that it would be ad-
vantageous if the teeth alignment could be vertical through-
out the range for stability of the embouchure., Sexton
(Appendix) does not believe that the average person can
align the teeth vertically in the top range because of un=
due strain on the lower jaw. Stevens, on the other hand,
insists that all students align the jaw vertically through-
out the playing range. Porter (77) points out that the lower
Jaw can be ﬂaved forward considerably from its point of rest,
but can be moved backward only slightly. Probably those
players who find it uncomfortable to bring the jaw forward
enough to align the teeth, could stretch_the Jaw nmuscles
through practice so that the normal resting position of the
Jaw would be more forward. This might upset other func-
tional relationships of the jaw, however, If it could be
determined that for certain playing characteristics, the
even ‘alignment of the teeth throughout the playing range
were advantageous, probably the best solutiaﬁ for those
persons with serious deficiencies would be to undergo dental
correction, In the case of the player with considerable
underjet, this would be the only solution, since the jaw
cannot be retruded from its resting position more than one -

half cusp of the lower molar teeth (44, p. 1).
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Co _Contour of the Front Teeth Arch

The contour of the front teeth arch has received little
attention in the literature., Shiner (90) and Shiner (91)
recommend that the upper two central incisors form a slight
cutward V, or wedge shape, s0 that the greater amount of
mouthpiece weight will be in the center of the upper lip.
According to this theory, the player thereby would be able
to avoid pinning the lips at the lateral points of mouth-
plece contact, creating better muscular control of the lips
inside the mouthpiece. Students whose natural front teeth
arch depart from this wedge shape are advised to undergo
orthodontic treatment (36). Results in such cases have been
dramatic, offering strong support for the V shape in the
upper central incisors. As té the lower teeth, a slightly
rounded arch is considered desirable.

Haynie and White (Appendix) also have observed that the
wedge shape appears advantageous. Sexton (Appendix), on the
other hand, "considers a flat contour in front more desirable,
Haynie states that a flat formation of the upper central
incisors encourages playing to one side for an anchor place
to prevent mouthpiece slipping. Stevens (95, p. 59) does not
recommend any particular arch form, but suggests that teeth
which match each other and have no unusual high spots are

ideals. He recommends placing the mouthpiece weight equally
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on the two most forward points of the lower teeth, thereby
freeing the upper lip from excesslive pressure of the

mouthpiece.,

Ds. Front Teeth Slant

There is general agreement that the slope of the front
teeth should be vertical, not slanting inward or outward.
There is much in the literature indicating that slanting
teeth often create problems, although under certain condie
tions they may help decrease other deficiencies,

Outward-slanting upper teeth cause problems for two
reasons: (1) it becomes more difficult in most cases to
align the teeth, the more the slant, the greater the disg=
tance the Jaw must move; and (2) mouthpiece pressure may
cause the upper lip to Yride up" the inclineq plane, forcing
the lips apart, Haynieﬂ(Appendix) says that the outward
slant encourages rlaying low on the upper lip and a backe-
ward pivot on high notes.

Inward-slanting teeth, on the other hand, have appar-
ently caused less trouble, for they are seldonm discussed in
the literature., Since the problems mentioned in the pre-
ceding paragraph would be reversed, it seems that inward
slanting teeth might be advantageous, it being easier to
align the teeth, and mouthpiece Pressure tending to force
the lips together, However, Sexton (Appendix) says that he
has had noﬁhing but problems with such players, and Haynie
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(Appendix) has found that the mouthpiece tends to slip
downward under this condition. Hanson (41, p. 6) says

that teeth which slant inward are a disadvantage because the
player then has a tendency to allow the lips to curl inward
past the teeth edges. Stevens says that even in the case of
inward-slanting teeth, the mouthpiece will tend to ride the
upper lip upward., He recommends that fhe instrument bell be
lowered in such a case until the mouthpiece points at a right
angle to the slanting upper teeth. Obviously the degree of
slant is of primary concern; the greater the slant, the

more difficult will be the required adjustment,

Very little has been written about the slant of the
lower teeth, possibly due to the wildespread belief that the
upper lip is the primary vibrator, the lower acting somewhat
as a facing., The slant of the lower teeth is a factor in the
eas¢ with which upper and lower incisal edges can be aligned.
Also, it would seem likely that the problem of the lip
riding the inclined plane would be equal in either case,

In gituations where one or two of the upper (or lower)
front teeth slant one direction, while the othersare vertical
or slant in the opposite direction, no general statement can
be made. This situation will be discussed in more detail in
the following sections,

Cheney (16) found that protruding upper front teeth were
troublesome to all brass players who exhibited this condition

in his study. However, he found that retrusion of all upper
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incisors did not present a problem. Rather, in the case of
players with a receded jaw, this proved advantageous, since

the amount of jaw movement needed for adjustment was reduced.

Z., Uneven Front Teeth

An uneven condition in the front teeth is usually due to
three factors, singly, or in various combinations: tooth
rotation; tooth slant; and crowding. In the rotated condi;'.
tion, one edge of a tooth is turned toward the lip. If
located opposite the rim of the mouthpiece, discomfort often
results, and often the player in such cases finds it neces-
sary to shift the mouthpiece laterally, with the result that
the mouthpiece no longer rests in the center of the lips,

If the uneven tooth is located opposite the mouthpiece open-
ing rather than the rim, there is less likelihood of poor
adjusiment,

‘In the case of the single slanting front tooth, if the
slant is outward and is Cpposite the mouthpiece rim, discome
fort may result, depending upon the amount of the slant, If
the slant is inward, the player may experience discomfort
from adjacent tooth edges, may feel a lack of tooth support
to the lips, and/or may be forced to place the mouthpiece unm
evenly against the lips.

The slant of the teeth may result in anterior crossbite,
where one or more upper front teeth turn inward, crossing

the lower, or where one or more lower front teeth turn
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outward, crossing the upper. This can cause problems in
teeth alignment as well as in tooth evenness,

In the crowded condition, one or more teeth may be
rotated, or may overlap adjacent ones, causing discomfort
if the mouthpiece, as a result, must be brought into contact
with a sharp tooth edge or must be placed unevenly against
the teeth,

It is impossible to generalize concerning the above as
related to Success in adjusting to brasswind embouchure.,
Many fine players have teeth which do not approach normal
dentition, and Cheney (16, p. 454) concludes that uneven
front teeth will be the direct cause of poor adaptation for
only a'small number of individuals who display it. More
often, problems result from the combination of uneven teeth
with a protruded or retruded jaw., Also, the problem is more
acute with players of small-mouthpiece instruments.,

Cheney (16, pe 454) found that of thirtyesix individuals
with.crowding of the upper front teéth, only fourteen ade
Justed poorly, and of these, oanly five attributed the prob-
lems directly to the crowding, Of forty individuals showing
crowding of the lower front teeth, only twelve adjusted
poorly, threée complaeining of the irregularity as the direct
cause,

Malek (59, p. 163) found that of fifty-two professional
trunpet players in his study, twenty had even teeth, twenty-

seven slightly uneven, and five very uneven. Lamp (52)
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found no relationship between tooth unevenness and succeésse-
ful performance on brass instruments.

Cheney reported (16, p. B40) that among the subjects in
his study, where a single upper central or lateral incisor
was turned inward so that it crossed its lower opponent,
adjustment of the small brass mouthplece against the lip
opposite the crossed tooth was difficult,

Stevens (95, p. 26) states that if the teeth formation
is irregular, the player should find the two most forward
points of the bottom teeth and distribute the mouthpiece
welght equally on these points, Research in this study has
found this workable only in some cases. For example, where
the plane formed by the two forward points of the lower
teeth cause “the mouthpiece to be pointed off to one side,
and the formation of the upper teeth require that it bve

pointed to the opposite gside, adjustment has been POOr ¢

F. Open Bite

In open bite there is space between the upper and lower
front teeth when the jaw is closed, Apparently, open bite
in an amount less than 1/4 inch causes no problem, Cheney
(16, p. 455) found one cornet player with 3/4 inch open bite
who tried unsuccessfully for three years to master the cornet,
then tried a larger mouthpiece instrument, the trombone, also
unsuccessfully. Failure was attributed to lack of teeth

support for the lips,
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Gs Vertical Overbite

Vertical overbite is the reverse situation to open
bite. The upper teeth extend downward past the lower teeth
edges toward the lower gums. Cheney (16, p. 488) found this
conditien in nearly all of the 100 individuwals examined,

An overbite of up to 1/3 the length of the front teeth is
considered normal. Overbites in excess of this amount are
troublesome., The combination of a receded Jaw and deep

overbite is particularly troublesome.

H, Widely-spaced Teeth and Missing Teeth

Cheney (16, p. 448) found that all players with extreme
spacing between the front teeth experienced difficulties
with embouchure. All complained of discomfort and early
tiring during playing. Presence of mild spacing seemed of
little consequence., Cheney believes that the loss of a
single front tooth could affect embouchure in the same
manner as the crossbite of a single incisor.

| Weast (114, p. 57) believes that missing teeth usually
cause loss of efficiency due to loss of underlying support
to the muscles. Porter (77, p. 46) states that gaps in the
Jaws due to missing teeth may allow the buccinator muscle to
distend in an uncontrollable manner., He attributes this to
the missing girders (side teeth) necessary for the support

0of the embouchure musculature,



Ls Dentures

Kessler (50, pe 1,304) found among professional trume
pet players some who were wearing full dentures, and some
who reported playing as well as before losing their natural
teeth., Hruby (47, p. 7) found pitch range a factor concerning
the difficulty experienced by performers with full upper
dentures, Little or no trouble resulted in middle or low
register performance, but the high pressure of air neces-
sary for upper register performance tended to dislodge full
dentures. No trouble was found in the case of partial den-
tures, which were anchored securely to natural teeth,

Recent developmenis in prosthetic dentistry placing
dentures in bone may provide a solution to problems involving

dentures.

Je Opirions Concerning the Importance
"" Of Teeth Background

Studies relating teeth to success in performance have
produced varying results. Lamp (52, p. 1,235), in a study
of 151 subjects, reported no correlation between tooth even=
ness and gerformance on brass instruments., Cheney (16), in
a study of sixty-two semiprofessional players, found that
the combiration of a receded jaw, short lip, and protruding
upper front teeth was detrimental to brass insirument rlaying
Further, he reported that crowding and rotation of the front
teeth, protrusion of the upper incisors, and crossbite of one

or more of the front teeth caused difficulty in adjustment,
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Malek (59, p. 16%) found among fifty-two professional
trumpet players, five with very uneven iteeth, a discovery
which would tend to support the findings of Lamp., Whitaker
(120, p. 424) believes that evenness of teeth is not impor-
tant. He supports this statement by saying that one of his
best trumpet students Yhas teeth Tthat loock like they were put
in by 2 shotgun atten paces." Tull (111) believes that tooth
irregularities may be advantageous in producing security and
consistency in mouthplece placement by providing an anchor
SPOT.

Obviously there is need for further research into this

aspect 0f brasswind performance,
IX, Miscellianeaous

A. Warm-up Houtine

It is generally agreed that some type of warm-up
period is necessary for good performence. It is also ac-
cepted that the nature of the warm-up will vary among in-
dividual players, some requiring very little, others needing
several houre (114, p. 14). Further, it is agreed that warm-
up varies from day to day for the individual according to the
amount and type of playing he hag beern doing. Iven the hour
of the day has an influence (100, p. 54).

There is wide variation of opinion concerning the warme-
up routine, Spaulding (9%, p. 188) recommends warming up in

the high register first. He believes that this allows the
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1lips to “seat" properly while they are fresh, and that five
minutes of combined high reglster and pedal note playing
equals thirty minutes of the conventional WaIH=UP. Warm-
up in the low register first seats the lips for low reglster
work, according to his theory., Stevens (95, p. 30) also
recommends that the player avoid low register warm~up.
According to his theory, this encourages a loose, flabby
lip. Further, he says that warm-up should not include

loud playing in the middle or low registers for these result
in too open a lip aperture, Starting tones should be at
moderate volume in or above the staff, slurring upward as
far as possible. The player should be concerned with
Mgctivating muscle memory by simulating the upper register
playing formation.!

Weast (114, pe 14) and Ernest Williams (127) recommend
that warm=-up routines empnasize the low register first and
then extend to the high register. Baker (3) recommends a
warming-down routine at the end of a performance, ii possible,

to avoid stiffness the next daye.

B, Wet ys Dry Lips
Although the 1ip is never completely dry in brasswind
playing, due to the moisture in the breath, much has been
written concerning the importance of keeping the lips moist
or relatively dry. The consensus favors keeping the lips

wet, although some players claim they can brace against the
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mouthpiece better if the lips are dry to the point of being
sticky (29, ps 35). Mendez (64, p. 27) says that wet lips

vibrate more easily than dry lips.

Co Upstream vs Downstream Playing

The terms upstream and downstream in brasswind playing

refer to the direction of air past the lips into the mouth-
piece, in an upward or downward direction., If the lower
1lip extends outward past the upper, the air is directed
upward; and if the upper lips extend outward past the lower,
the air is directed downward, Factors influencing this in-
clude the position of the lbwer front teeth in relation to
the upper, and the placement of the mouthpiece on the lips.
Whether the direction of the air stream is important of itw
self, or whether it is merely a symptom of the teeth rela-
tionships and mouthpiece placement is not known.

There is dlsagreement among writers concerning the up
or down direction of the air, but agreement concerning di-
recting the air toward the mouthpiece rim., The higher the
tone to be played, the nearer the rim of the mouthpiece the
air is to be directed, whether up or down, In the middle
register, the air is directed toward the center of the mouth=-
piece. Consensus appears to favor downstream playing, al-
though there are notable exceptions, Stevens (Appendix)
favors bringing the jaw forward and directing the air up

for the upper register,
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D, Endurance and Fatigue

Discussions ¢of endurance center on breath support,
mouthpiece pressure, relaxation during performance, and
proper spacing of practice. Insufficient breath support
apparently results in dincreased mouthpiece pressure, a con=-
dgition which causes tiring. The more tired lthe player becomes,
the greater the tendency to increase mouthpiece pressure. A
wide mouthpliece riwm promotes endurance at the expense of
flexibility (123, p. 173). The more narrow the mouthpiece
rim, the more guickly The lips tire, since the mouthpiece
welght is distributed over a more narrow arsea.

The player who learns to relax atb every possible oppore
tunity while playing increases hils endurance. According
to Noble (69, pe 55), a player shovld ssize every opporiuni-
ty to relieve mouthpiece pressure, re~circulate the blood,
relex the muscles, and conserve strength when playing mod-
erately loud and in the middle register so that he has the
strength needed when register or loud playing is
required.

Farkas (29, p. 16) says that fatigue, when 1t cones,
should be felt in the corners of the wouth, not at the point

where the lips touch the mouthpiece,



E, Pedal and Altissimo Registers

There is considerable disagreement concerning the
advisability of playing in the extreme low and high registers
of brass instrumenis. Consensus seems to favor avoiding both
these registers on trumpet, and the exireme high register on
the other instruments, but there are notable exceptions,.

McBeth (58) states that pedal tones are the very foundaw
tion of the Maggio system for trumpet. The pedal note emw
bouchure is then retained in the upper register. Spaulding
(94, DV l5)‘says‘that pedal tones stimulate blood circula-
tion in the lips, rebuild lip tissue, and condition the lips
for the upper register. Stevens (95), however, says that
practicing low tones does not develop the ability to play
the high tones. He believes that the pupil should first
learn the high tones, and then relax to produce the low
register, He does not recommend any practice in the pedal
register for trumpet players.

Weast (1l4, pe 15) says that pedal notes can be of value
in that they relax and stimulate the embouchure, but overuse
of this register may cause excessive looseness of the lips
and loss of "control. Bloomquist (&) states that pedal fones
seem to be helpful in developing the upper register in that
the relaxation learned should carry over into the high

register.
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Chapter Summary

An attempt has been made in this chapter to list and
discuss briefly all possible factors which enter into brasse
wind embouchure. A comprehensive survey of literature
together with personal interviews and correspondence produced
a congiderable body of information, which was organized under
large headinge for discussion, The complexity of brasswind
embouchure should now be apparent, and it is understandable
that so many varying and conflicting opinions prevail.

Research covering all aspects of embouchure is needed,
Particularly lacking is any description of the playing
characteristics produced by a particular embouchure, including
pitch range, power, tone quality, endurance, flexibility, and
control, When these are finally opened to scientific ine~
quiry, it may be found that a single embouchure posture and
pattern of facial muscle activity will prove more efficient
than all of the others., The term efficient here refers to
an embouchure posture which will produce the widest possible
pitch rangey with dynamic control, minimum mouthplece pres-
sure, flezibility, control, endurance, and characteristic
timbre, It does not necessarily imply that such posture is
superior to all others. Differing physical characteristics
and individual player preferences with regard to timbre and
style would have to be considered in final value judgments.
The player who departed from such ideal posture would sacrie

fice to some exlent the advantages offered by it. He might
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lirnit his playing, for example, t0 a more narrow pitch range
in order to produce a particular timbre, or in order to
accommodate his playing to a physical deficiency. These

thoughts will be developed in Chapter VI.
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CHAPTER V

ISLEY-BASMAJIAN ELECTROMYCGRAPHIC STUDIES OF
FACIAL MUSCLES

4 review of electromyographic literature, discussed in
Chapter III, produced considerable information which might be
related to the present study., However, it was found that much
additional information was needed and that no emg studies of
facial muscle activity during brasswind performance had been
nade. Consequently, such studies were conducted at the Regional
Rehabilitation Research and Training Center at Atlanta, Georgia,
under supervision of J.V. Basmajian, Director of the Center.

During the first experimeht an investigation was made
concerning the possibility of using surface electrodes in all
the studies rather than the more complicated indwelling elec-
trodes. Beckman minlature electrodes were placed over the
center of the left buccinator muscle, and fine~-wire electrodes
were placed over the same area to determine if emg potential
detected by the two electrode itypes might be correlated. The
results were negative in part. Activity detected by the in=-
dwelling electrodes was confirmed well enough by the surface
electrodes; however, the surface electrodes detected emg
potentials at times when no activity was registered by the
indwelling electrodes.

A later attempt to correlate readings from the two elec-

trode types was also negative., With indwelling electrodes

145G
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in the lower lip, and surface electrodes over the quadratus
labid inferioris, no descrimination in activity recorded from
the two sources could be made. It was decided, therefore, that
surface electrodes would not produce the information desired,
and that indwelling electrodés were to be used in all the ex-

periments.

Description of Equipment Used
Eguipment used included the following:

Electrodes~-Electrodes consisted of two Evanohm liquid

nylon insulated wires made by Driver Harris, ,00ll inch thick,
with the tips bared and bent back to make one bipolar elesctrode,
Insertion into each muscle was via a 27 gauge hypodermic needle.
The complete assembly was dry sterilized for ome hour at a

temperature of 130 degrees Centigrade.

Connectors~-Electrodes were connected to spring-tempered
brass wire connectors fashioned after Basmajian, Forrest,and
Shine. The spring connectors thus connected the subject to the

input cables of four low-level preamplifiers.

Preamglifiers—nPreamplifiers consisted of four LAOL2
Argonaut Differential Preamplifiers from Argonaut Assoclate
Incorporated, Beaverton, Oregon,

Power Supply=-~LPSO4LO Argonaut Power Supply.

Monitoring Equipment-~All electric potential signals were

monitored by an audio amplifier connected to an eightwinch
loudepeaker and/or a four=beam Type 5648 Tektroniz Storage

Oscilloscope.

Recording and Storage--An Ampex SP700 Lechannel tape
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recorder or a Hewlett«Packard Model 3955~C li-channel magnetic
tape recording system was used to record and store the elec-
tromyographic signal.

Printing--After the experiments were completed, the data

stored on the magnetic tapes were transferred to Kodak Lino=-

graph Direct Print bromide paper by means of an ultraviolet
recorder, Honeywell 1508 Visicorder, at a speed of 25 milli~

neters/second.

Muscles Investigated

Exploratory studies were made of the following nmuscles
using indwelling fine wire electrodes:

Qrbicularis Oris Superioris=-Electrodes were inserted with

a forward thrust through the mucosa, two centimeters to the

right of the midline, at the level of the vermillion border.

Orbicularis Oris Inferioris--same description as orbicule

aris oris superioris.

Buccinator=-In all experiments except two, electrodes were

inserted through the mucosa at the level of the corner of the
mouth. The transporting needle entered opposite the first
molar tooth, and was thrust posteriorly to end approximately
opposite the second molar tooth., In two later experiments one
subject was retested with electrodes in the upper and lower fi-

bers, as far posterior as possible, opposite the third molar
tooth,

Platysma--Electrodes were inserted three centimeters
anterior to the angle of the mandible and one centimeter

superdor, in loose platysma fibers crossing over the mandible.
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Zgomaticus Major-~Electrodes were inserted through the

gkin, under the left cheek,

Mentalis~~Electrodes were inserted one centimeter to the
right of the midline, one and one-half centimeters superior
to the level of the mandible.

Levator Anguli Oris--Flectrodes were inserted through the

mucosa, one-half inch vertically upward opposite the gum of

the right upper canine tooth, at an angle slightly forward.

Quadratus Labii Superioris--Only one part of this muscle

was investigated, the levator labii superioris alaeque nasi.
Electrodes were inserted Just left of the nose, in the belly
0f the muscle.

Quadratus Labii Inferioris~-Electrodes were inserted

through the mucosa, next to the root of the left lateral in=

cisor, two centimeters from the midline.

Pepressor Angull Oris-~Electrodes were inserted through
the skin on the left side, in the middle of the belly of the

muscle,
Muscles Not Investivated
Risorius

Quadratus Labil Superioris (Levator Labii and Zygomaticus

Minor parts)
Incisive

Compressor Lebii

There appears to be no way that these nuscles can be ine

vestigated with certainty using present techniques and equipment,



153

Description of Subjects

Subjects for the expériments included the following,
listed by number for identification in the Tables to follow:

Subject No, l--the author, a subject in six experiments.

Subject No., 2-~«teacher of trumpet at the university
level, performing trumpeter, a subject for three experiments,

Subject No, 3=-=sophomore trumpet major, 1 experiment.

Subject No. 4--sophomore trumpet major, 1 experiment,

Subject No, S5e==freshman trumpet major, 1 experiment.

Subject No, b-=junior clarinet major, enrolled in a
brass methods class, 1 expériment.

Subject No, 7==professional trumpet player in the popular
field, 1 experiment.

Subject No. 8-=-professional trumpet player in the clas-

sical field, 1 experiment,

Procedure

Bach subject was placed in a semi-reclined chair for the
experiment, Four connectors were fastened to the subjectts
clothing, as near as possible to that part of the face where
electrodes were to be inserted., After the equipment was
connected and a proper ground attached to the subject, elec-
trodes were inserted in the muscles and attached to the
appropriate connectores. Feedback from the oscilloscope was
used as an indication of proper location of the electrodes.

Often several insertions were made before the electrodes



were Jjudged to be located properly. All electrodes were
inserted by J.V. Basmajian,

During the early experiments many technical problems
arose, Among these were 60-cycle interference, movement
artifact, and electrode slippage. Some experiments ran as
long as three hours, leading to considerable subject fati=-
gue. 1t was decided that a maximum of four bipolar elec~-
trodes could be used simultaneously in the experiments
using présent techniques, The addition of even one bipolar
electrode would have magnified the technical problems beyond
the endurance of the subjects.

No subject was permitied to see the oscilloscope while
the experiment was in progress, Each subject was asked to
perform certain facial contortions such as smiling, frowning,
puffing the cheeks, and pursing the lips, and then to pro=-
duce certain tones on a brasswind instrument. Data were
stored on tape and later printed out for analysis. Results
were tabulated and examined for answers to the following
questionsg

l. What is the amount of emg potential in a particular
facial muscle durging performance of a given tacgk?

2. Whatare the order and timing of facial muscle
activity during performance of a given task?

5« 1Ig there inter-subject and/or intra-subject varia-
bility in emg potential in facial muscles during performance

of a given task?
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4e Do the data in these experiments confirm the con-

clusions found in the literature?

Results

The amount of emg potential in specific facial muscles
during performance of certain facial tasks is shown in
Tables I - V, Tables I -~ II show the amount of emg potential
registered by each individual subject during the performance
of facial contortions. Table IIT shows the emg potential
registered by each subject during brasswind performance, A
summary of the emg readings from these three tables is pre=-
sented in Tables IV - V by individual muscle. A black space
in a table indicates that no data were available. Such
absence of data was the result of electrode slippage or
movement artifact. Six subjects performed the various facial
contortions, and eight performed upon brasswind instruments,

Abbreviations used in the tables include

C05~~orbicularis oris superioris (upper lip)

O0I~-~orbicularis oris inferioris (lower lip)

BUC~-=buccinator (cheek)

QLS--quadratus labii superioris (upper lip levators)

QLI--quadratus labii inferioris (lower lip depressors)

LAO=--levator anguli oris (levator of the mouth corner)

DAO-~depressor anguli oris (depressor of the mouth corner)

PLT==platysna

MEN-wmentalis (chin)

2 G=mzygomaticus major
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Electromyographic activity was evaluated according to

the following code devised by J.V. Basmajian,

O = nil activity

1 = slight activity

£ = moderate activity
3 = marked activity

Nil Activity

Modefate_Activity

DR O T PR
- :

P NI o IRV

R
&l

T Ty
FAS TR

A S .

Marked dctivity

Fig. l2~=-fExamples of the Electromyograms

The above examples are recordings of activity in the orbiculm

aris oris superioris muscle during facial contortions.
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Table I (see page 161 ) contains all the data recorded
from subject number one during six experiments. Ehe columns
are organized in such a manner that all emg readings from a
particular muscle during the performance of a given task are
adjacent to each other for ease of reference, For example,
in Table I it will be observed that the orbicularis oris
superioris (upper lip) was among the muscles studied in four
gexperiments, While performing tasks one and two, puffing the
cheeks, data were obtained in three of the four experiments.
Movement artifact was the cause of the one failure. In the
three experiments recorded, there was nil activity in the
upper lip during task one, and a variation from slight to
marked activity during the performance of task two. The
variation in activity during task two may be interpreted as
inter=~subject variability, or may have been due to variation
in electrode placement,

It will be noticed further in Table I that emg potential
from the orbicularis oris inferioris muscle (lower lip) was
recorded in three experiments, the bucecinator in five, the
depressor anguli oris in twb, and the other muscles in one.
An examination of the Table shows that in repeated studies
of the same muscle, there is often wide inter=-subject varia-
tion. This is interpreted to mean that there is more than
one way to perform a task, and the subject's understanding
of the task and his skill in performing it‘ are important

factors in determining the muscular activity involved,
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Table II (see page 163 ) includes data recorded from
subjects two through six during the performance of facial
contortions. Wide intra-subject variation will be noticed.
For example, in task one, puffing the cheeks lightly, sub~
ject two registered marked activity in the upper lip, sub=~
ject four registered moderate activity, and subjects five and
six registered nil activity. .

Table III (see page 165) presents the emg potentials
recorded from all subjects during brasswind performance, It
will be noticed that data were recorded more than once from
subjecte one and two. In task number thirty=-six for example,
emg potential from the upper lip was recorded during four
experiments involving subject number one, and two involving
subject number two., The inter-subject variation in each
gsubject supports the conclusion stated earlier that the sub~
ject's understanding of a task and skill in performing it
are factors determining muscular activity.

Intra-subject variability can be observed also in this
table, For example, in task thirty-four subject four shows
moderate activity in the quadratus labii superioris, subject
five shows slight activity, and subject six shows nil activity.

Tables IV and V, which present a summary of the data
from Tables I - III, show at a glance the wide intra~-subject
variability during performance of the majority of the tasks.
For example, in Table IV, task one, five subjects recorded

nil activity in the upper lip, one recorded moderate activity
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and one recorded marked activity. This variability can bve
noticed in the majority of nmuscles where data were recorded
from more than one experiment., However, there are exceptions,
For example, in Table IV, task one, it will be seen that all
subjects recorded nil activity in the buccinator, quadratus
labii superioris, quadratus labii inferioris, and platysma
nuscles. Such agreement is rare, however, particularly in
those muscles that were investigated several times. The data
tend to indicate wide inter-subject and intra~subject varia-
tion in the amount of emg potential in individual muscles

during the performance of the tasks,
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1ok TABLE III

ALL SUBJECTS ELECTROMYOGRAPHIC READING DURING BRASSWIND PERFORMANCE

ist Znd 3rd | 4th | 5th | 6th | 7th | 8th
Suhject* Subject | Sub. Sub,| Sub.| Sub.| Sub. | Sub.
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TABLE III--Continued

lst
Subject*

2nd
Subject

3rd
Sub |

4th
Sub.

Sth
Sub.

6th
Sub.,

7th
Sub,

ath
Sub.

Task No, 37

00s
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3

001
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*Subject No. 1 performed on trombone; all others performed on trumpet.
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The order and timing of muscular activity also varied
from subject to subject, and within the saume subject. There
was no evidence in these experiments to indicate that one
mode of performange of a task was superior to another.

Comparison of the findings in this study to those in
related literature was complicated by the publication of
several important related studies., Although the experiments
of this study had been completed before the discovery of
several of these important related stndies, these studies
are discussed in Chapter III, along with other related literaw
ture, Findings in these recently published studies dictated
that one additional experiment be conducted to seek informa-
tion concerning questions generated, Such an exXperiment was
mace, the author as subject. In the interest of time, and
in order to address the experiment to as many of the questions
as possible, immediate feedback from the oscilloscope was
available to the subject. No recordings of the data were
made., The information derived from this final experiment is

Presented in the following section,

Buccinator (Blectrodes in the Middle, Upper,

And Lower Parts of the Left Buccinator)

1. When the left modiolus was retracted laterally
there was marked activity in various parts of the left buce
cinatores The amount of activity in one part was somewhat

independent of activitiy in the other parts. For example,
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-

the subiect could draw the modiolus back laterally in such
g manner that more acltivity was noted in the upper and lower
varts than in the center. If he g0 willed, he could repeat
the action in such a manner that rnore activity was noted in
the center than in the other two paris.

2¢ When the right wmodiclus was pulled back laterally

g

while relaxzing the left side of the face, there was no

3 ki

activity in the left bucéinator, indicating that the twe

buccinators can perforn unilaterally, This finding agrees

0

with Lundquist as stated in Chapter I1L,

e

-

5. in smiling, whether gentle or forced, the buccinator
wae always active. The subject could find ne way in which
he could move the coraners of his mouth back laterally withm
out buccinator activity., Thies finding agrees with all sources
referred to in Chaplfer III.

bGe In puckering the lipe, it was possible to avoid
puccirator activity when no attempt was made to turn the lip
red inward, However, the subject could find no way to turn
the 1lip red inward during puckering without buccinator
Aactivilty.

5. The levator anguli oris and buccinator appear o be
clogely related. Any facilal movemsnt which involved activity
1o the levator anguli oris showed warked buccinator activity.

6y With the lower lip pulled downward, the subject
could tense the depressor labii infericris without buccinator

activity. However, any attempt to hold the lower Lip in
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place while tensing the depressor labii resulted in marked
buccinator activity.

7« It was possible to contract the mentalis without huc-
cinator activity when the lower 1ip was allowed to be pushsd
upward freely. When the lips resisted the upward push of the
mentalls, there was marked buccinator activity.

5. In puffing the cheeks the subject could keep the
buccinator relaxed, or could produce slight-to marked activity
according to his intent, This finding clarifies the disagree=
nent between de Sousa and Blanton, as discussed in Chapter 11T,
and confirms the conslusion of Blanton that the buccinator may
be used at will in blowing,

9+ With visual and aural fesdback it was possibvle to
cancel previcusly learned patterns of activity and train new

oneg.,

Mentalis and Quadratus Labli Inferioris (Flectrodes

lnserted in the Two Muscles as Described Barlier.)

1. The subject could elicit varying smounts of activity
in Uhe mentalls without activity in the quadratus labil inferm
ioris. However, any activity whatever in the quadratus labii
inferioris was accompanisd by at least moderate activity din
the mentalis.

2. The subject was unable to avoid activity in the
mentanis except when the entire face was completely relaxed,
Tae muscle was very easily excilted.

Se¢ In playing the trombone the meiltalis was always
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active, but the activity was never marked. Activity increased
from slight in the pedal register to moderate in the altissimo
The quadratus labii inferdoris was not active except in the

altissino register when activity was slight.

Zyegomaticus Major (Electrodes Placed

As Previously Described)

1. When the subject grimaced or smiled, there was marked
activity in the zygomaticus major.

2. When the corners were pulled back and down and the
upper part of the face remained relaxed, there was no activity

in the zygomaticus major.

Evaluation of Data

The data obtained in this study show wide inter-subject
and intra-subject variation and suggest that an individual may
perform in many different ways tasks involving facial muscles.
The particular neuromuscular pattern employed and the amount
of activity in individual muscles are dependent in part upon
the intent of the individual, his understanding or interpreta-
tion of a task, and his aptitude and skill in performing it.
When one considers the many muscles involved in facial dynamics.
and the fine control possible over each muscle, including con-
trol of individual motor units within a muscle, the wide

variation in sctivity noted is not surprising.



CHAPTER VI

A THEORY OF BRASSWIND EMBOUCHURE

The complexity and variability of facial nmusculature and
facial muscle activity have been discussed. Also, many dif-
ferent opinions concerning brasswind embouchure have been
presented. The wide variations noted in each instance seem
to preclude generalization that one particular facial type,
facial/jaw muscle posture, or performance mode 1s more suite=
able than another for brasswind performance. The question
"Is one embouchure type and performance mode bes£ for all
?layers?“ cannot be answered, for it is doubtful that any
single embouchure is highly compatible with every possible
musical end. However, it is here proposed that one basic
facial/jaw muscle posture and pattern of muscular activity
is most efficient in brasswind performance. 4 description
of this embouchure has beén developed and will be presented
and discussed.

The adjective efficient, as applied to embouchure, is
defined as the production of musical tone with minimal ex~
penditure of facial/jaw muscle energy consistent with the
ends to be achieved. These ends include performance which
encompasses the widest possible range of pitch and dynamics,
with maxzimum control and with timbre normally considered

characteristic of the instrument., HNo implication is nade

174
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that this most efficient embouchure is suitable for every con-
ceivable musical purpose; an individual player might inten-
tionally depart from it, sacrificing physical advantage for
musical ends. Furthermore, it appears that some players may
not be able to accommodate themselves comfortably to such an
embouchure formation for physiological reasons.

Frow the evidence presented in the preceding chapters,
it i postulated that the following basic embouchure is the
most efficlent possible for all players, ?he description is
in two parts: (A) optimum facial muscle posture, Jjaw posture,
and mouthpiece placement; and (B) optimum patterns of muscular
activity, The embouchure will be described first in its
entirity. The supporting rationale wiil be presented later,

Le Optimum Facial Muscle Posture, Jaw Posture, Mouth~
piece Placement

1, The lower Jjaw is s¢ positioned that the incisal
teeth edges are vertically aligned throughout
the entire range of the instrument.

2« The lower Jjaw is s0 positioned that one quarter
inch average or basic aperture existis between
the upper and lower incisal teeth edge, the
aperture size changing very slightly as a func-
tion of pitch and loudness.

%+ The modioli are positioned vertically and hori=
zontally as follows:

a., Vertically, the modioli remain in their
natural resting position, exceptions made:
as necessary to touch the lips together
opposite the center of the teeth aperture.

b. Horizontally, the modioll remain in their
natural resting position, or are moved sone=-
what medially from this position.

L+ The upper and lower lips touch opposite the
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center of the teeth aperture, inverting as they
touch so that the outer red of one lip touches
the outer red of the other,

The lips are positioned in front of the teeth
aperture, not inward past the teeth edges.

The mouthpiece is placed vertically and hori~
zontally as follows:

&, Vertically, the mouthpiece bite is placed
above the red lip line. The ratio of upper
lip to lower inside the mouthpiece varies
among instrument types, and is not cone
sidered here as a factor in efficiencye.

be. Horizontally, the mouthpiece is centered
opposite the largest part of the incisal
aperture,

Mouthpiece pressure is distributed more to the
lower lip than upper. The greatest amount of
pressure, on each lip separately, is at the mid-
line.

Postural changes during performance include:

a. changing the size of the teeth aperture

be. changing the amount of red 1lip inversion
slightlye.

Optimum Patterns of Muscular Activity

Patterns of muscular activity involved in most
efficient embouchure include the following jaw
muscle and facial muscle actions:

1.

2e

The mylohyoild and digastric muscles contract
slightly to open the Jaw, the force of gravity
aiding this movement.

Simultaneously with the preceding, the jaw is
moved as necessary to align vertically the in-
cisal teeth edges., Forward movement is made by
contracting the lateral pterygoids; posterior
movement is made by contracting posterior fie-
bers of the temporalis muscle. There is no
activity in any of the other jaw muscles, nor
any facial muscles, as the Jjaw moves inito posi-
tion.
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3, The modioli are fixed vertically and horizontally
by the fellowing muscles:

a. Vertically, the modioli are fixed bilaterally
by the levator anguli oris (LAO) muscles and
their antagonists, the depressor anguli oris
(CAO)., If the position, DAO will contract
first, resisted later by LAO in prcportion
to intraoral air pressure and any necessary-
changes in lip aperture, If the corners are
to be ralsed, the reverse is true.

b. Horizontally, the modioli are positioned
bilaterally by the incisive muscles, aided
by LAQ and DAO, opposed by the antagonist
buccinator muscles. If the modicli are to
remain in their natural resting position,
the combined medial pull of the incisive,
LAQ and DA@ muscles, must equal that of the
sinultaneous lateral pull of the buccinator
muscles. The buccinators contract in rela-
tion to intraoral air pressure and lip com-
pression, which are constantly changing
during performance.

If the modioli are to be positioned medially,
the incisive muscles contract first, opposed
only by the natural turgor of the facilal
tissue being moved; then the buccinators con=-
tract as intraoral air pressure is introduced,
the amount of contraction being dependent
upon the air and lip compression involved.

The combined force of contraction in the ine
cisive, LAO and DAC muscles must slightly
exceed that of the buccinators.

L+ The zygomaticus major and platysma nuscles and
the labial tractors (quadratus labil superioris
and quadratus labii inferioris muscles) remain
relaxed at all times.

5 The mentalis is slightly to moderately active
involuntarily; there is n¢ voluntary use of
this muscle,

6« The lips touch and invert by combined action of
the buccinator and compressor labii muscles,
assisted by LAC and DAO,

7+ Contraction necessary to maintain jaw and facial
muscle posture while playing is wminimal, increase
ing in the facial muscles directly with tonal
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frequency and intensity, Contraction in the
lateral pterygoids varies with the amount of
Pressure exerted against the lower jaw by the
mouthpiece,

8. Postural changes during actual performance ine
volve the following muscular actions:

8. An increase in teeth aperture size is made
by increased isotonic gontraction in the
mylohyoid and digastric muscles. A decrease
in teeth aperture size is made by decreasing
the activity in these same muscles, It is
possible that closing the jaw slightly also
involves activity in the masseter and/or
temporalis muscles. However, it appears
reasonable to expect that, for most persons,
the natural elasticity of the tissue
stretched in opening the jaw will be suffie
ciety to close it as the mylohyoid and digas-
tric muscles relax,

be An increase in red lip inversion is achieved
by increased activity in the compressor labii
and buccinator nuscles. To decrease the
amount of inversion, activity in these musw
cles is lessened.
Rationale
The rationale for the above description was developed from
emplrical sources and research findings presented in the Pre=

ceding chapters and the appendix.

A. Posture and lMouthpiece Placement

“éf Vertical alignment of the incisal teeth--In Chapter
Four considerable empirical evidence was presented indicating
that high vibrational frequencies in the lips during brasswind
performance are most easily produced by touching the firmer,
outer, red surfaces of the lips together. The argument in

favor of vertical teeth alignment is based upon the premise
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that this ig truee-~that touching outer~lip-red of one lip
against outer-lip~red of the other is more efficient for
upper register performance. This premise will be discussed
later, when optimum lip position is discussed.

Touching outer=lip-reds is facilitated by vertical
alignment of the incisal teeth edges, since the teeth form
the backdrop toward which the lips are pushed by méuthpiece
contact., If the lower teeth edges are positioned posteriorly
to the upper, the soft-inner-red of the upper lip will vibrate
against the firmer-outer-red of the lower lip as the lips are
inverted for the upper register. This is perhaps the more
common mode of performance among brasswing players, the re-
sultant tone tending to be somewhat mellow and dark, The jaw
Opens and moves forward for the low register, closes and ree
cedes, for the upper. A4s the jaw recedes, lip contact shifts
toward the inner red of the upper lip, and the embouchure be~
comes less efficient in producing high vibrational frequencies.,

In cases where the ldwer incisal teeth edges are situated
anteriorly to the upper in normal occlusion, the problem of
aligning the teeth edges is often less acute. The relaxed
opening of the jaw follows an arc which carries the lower ine
cisal teeth in a downward and posterior direction, A player
with a slight underjet would pessibly not have to make any
adjustment of the jaw posteriorly to align the teeth.

A large amount of underjet presents an alignment problem

which the player can do very little to correct, Fortunately,
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this situation is apparently uncommon among the population as
a whole. The lower Jaw cannct be retruded in most cases more
than one-half molar tooth cusp. Excessive underjet would
necessitate considerable inversion of the lower lip, carrying
it across the lower incisorse. The problems thereby created
are to be discussed later.

Vertical alignment of the incisal teeth, then, is neceg-

sary if outer-lip=-reds are to touch properly.

2, Teeth Aperture Size.~--The 1/4 inch incisal aper=-

ture is selected as optimum, based upon the work of Leno and
Stevens, discussed in Chapter Four, When the lips contact
each other opposite the center of the teeth aperture, a larger
aperture will result in a greater amount of each lip being free
to vibrate. The size of the incisal opening, then, influences
the amount of vibrating lip-vertical-mass, which in turn
affects lip vibrational frequency and amplitude, Given a cone
stant pressure of air and constant lip elasticity, a smaller
incisal opening will result in a smaller amount of vibrating
lip-vertical-mass, and consequently, a smaller amplitude and a
greater frequency of vibration. Conversely, within the same
context of constant air pressure and lip elasticity, a larger
incisal opening permits a greater amount of vibrating 1lip
vertical-mass, resulting in a greater amplitude and lower

frequency of lip vibration.
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The size of the teeth opening, to be optimal, should
vermit the minimum amount of vibrating-vertical-mass which
will produce the frequency, intensity, and timbre desired.
This size is not known. Stevens (Appendix), im training
many players to use a 1/4 inch aperture as an average, has
found that only a slight change in size (a maximum of 1/16th
inch more open or closed) accommodates an exceptionally
wide range of frequencies and intensities. This 1/4 inch
opening is accepted here as optimum for several reasons,
First, it has proven in practice to be a workable opening,

second, it is a forgiving aperture in terms of player
error. The larger the aperture, the less critical is the
margin of error with regard to aligning both lips in front
of the teeth aperture., For example, a player whose lip
alignment moves slightly above or below the center of the
incisal opening will experience no interference in lip vi=
brations if the teeth aperture is large enough, However, if
the aperture is too small and the same error in alignment is
made, the lips will vibrate too closely to the biting edges
of the teeth, especially as the lips are rolled inward and
compressed for upper register performance, With the 1/4 inch
opening, there is 1/8th inch upper and lower lip past the
teeth edges when the lips are properly centered. Allowing
1/16th inch closure of the teeth for higher and softer tones,
there remains 3/16th inch upper lip past the teeth edges, This

appears to be a reasonable minimum for a forgiving aperture.
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As a third reason, the maximal aperture must be chosen on
the basis of minimal jaw movement from the natural position
of repose. The greater the jaw movement, the greater is the
strain placed on the temporomandibular Joint. This is
especially critical for players with excessive overbite and/for
overjet., 4 combination of forward Jjaw motion and large open-
ing will probably be tiring for nearly everyone and impossible-
for some. Stevens (Appendix) has found in training the 1/4
inch aperture that it appears to be a reasonable goal for
nearly all who have tried it. Those players who experience
initially a slight strain in the temporomandibular joint may
reduce such strain by keeping all the jaw muscles relaxed
except the prime movers, Over a period of time, the muscles
involved will tend to accommodate themselves to the new
lengths required. However, the player with extreme overbite
and/or overjet will, in some instances, have to accept a
compromise or undergo dental treatment,

The 1/4 inch average incisal opening is accepted, then,
for three reasons: (1) it has proven in practice to be a
workable opening; (2) it approximates a minimum forgiving
aperture; and (3) it approximates a maximum for most players

as to strain on the temporomandibular joint,

Se Modloli: Horizontal and Vertical Positions.--Ac-

cording to the postulate stated earlier, the modioli are to

remain in their natural resting position, or move slightly
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medially. This is based upon the principle, stated in Chap-
ter Two, that muscles perform more efficiently when at their
| resting length or slightly shorter.

If the modioli are drawn laterally from their resting
position, the incisive muscles are correspondingly stretched
and weakened. In such condition, there will be a tendency
for lateral movement to increase as the buccinators contract
to hold against the greater air pressure needed for upper
register performance, The lips are correspondingly stretched
and weakened., Considerable opinion was stated in Chapter
Four against widening the mouth corners when approaching
the upper register.

On the other hand, if the modioll are drawn medially
from their resting position, the incisive muscles will be
correspondingly shortened and will perform at maximum ef-
ficiency against the lateral pull of the bgccinators. The
glightly contracted lips will be in a strengthened position,
Furthermore, the buccinators will not be less efficient, since
there is slack in the fibers maeking up these muscles., In
addition, the LAD and DAC muscles will be shortened, and will
perform more efficlently in closing the lips.

The vertical location of the modioli should be opposite
an iraginary lire drawn laterally across the center of the
incisal aperture. This postulate is based upon the premise
that the lips must touch opposite the center of the aperture.

As the lips coniract to touch properly and resist the flow of
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air, they tend to form a straight line between the modioli,
If this line is to be opposite the center of the incisal

opening, the modioli must be on the same line.

4o Lips touching and inverted opposite center ¢f teeth
aperture.~-With the recommended 1/4 inch aperture, there is
mininmal margin of error allowed in lip alignment, If the
iips touch above oi below center, they appréaah the teeth
edges, and the inversion necessary for upper register perw
formance pulls the vibrating tissue toward the teeth, inter=-
fering with the vibrations. If the lips remain centered,
the lips can invert without such interference.

Lip inversion remains something of a mystery, no scien-
tific studies having been made concerning optimum points of
lip contact. The findings of Leno, discussed in Chapter
Four, indicated that the lips turn inward as they touch, the
amount increasing as frequency of vibration increases, Ix-
planation as to why the lips invert must be left to conjecw
ture. The author believes that inversion has to do with
lip elasticity-~the greater the frequency of vibration, the
greater the elastic strength required. Lip elasticity ap~
pears to involve two considerations: (1) the natural elac-
ticity of the lips in their relaxes state; and (2) varia-
tions in elasticity as a result of muscular contraction.

The natural elasticity of the relaxed lips is probably

adequate for production of vibrations over a narrow range of
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frequencies and intensities. However, it is doubtful that a
player could perform with the lips completely relaxed, even
though he may feel that they are. The slightest contraction
in the muscles which close the lips brings tension to the
lips, since these muscles make up a considerable part of the
substance of the lips. As these muscles contract, they be-
come firmer, increasing in elastic strength., The player is
concerned with establishing the exact state of elasticity
vest sulted to his playing requirement, Efficiency dictates
that this be done with the least possible muscular activitye.

The lips are brought into contact by contraction of the
following muscles: buccinator, compressor labii, LAC, and
DAO. All four are involved in embouchure posture, and all
four apparently perform efficiently when the lips are in
their natural resting position, or slightly inverted. Con-
versely, when the lips turn outward in protrusion, the com-
pressor nuscles are relaxed, at least momentarily, and are
pulled from the position where they perform more efficiently.
If all four muscles are to perform most efficiently, then,
the lips must be in their natural resting position, or slight-
ly inverted.

Much has been said about the desirability of touching
the outer-red of the lips together so that the firmer part of
the lips touch, as opposed to touching the softer mucosa of
one lip to any part of the other. It has been found that

touching the outer-red of both lips to each other facilitates
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upper register performance, and the assumption has been made
that lip surface characteristics are therefore a factor in
tone quality and pitch range, There is no scientific evi-
dence to support this. It may well be that the increase in
elasticity brought about by lip inversion is more important
than lip surfece characteristics. However, it seems probable
that bringing tissue which is naturally more elastic inﬁo
the vibrational scheme, makes it less necessary to build elas-
ticity through muscular contraction., If this is true, touch-
ing outer-reds is desirable for reasons of efficiency.

The optimum mode of 1ip contact in brasswind embouchure,
therefore, is 1ips inverted slightly, the outer-red of both

lips touching opposite the center of the incisal opening.

S Lips touching anterior to the incisal opening,~-Brass-

wind specialists warn against allowing the lips to extend in-
ward past the teeth edges. The reasons for this are not
clear, but it is apparent that thils position produces poor
periormance results. It can only be presumed that the ex~
cessive inversion involved causes too great a build-up of
elasticity, resulting in a lack of resiliency in the lips.
Also, the location of the lips across the teeth edges probabe

ly causes interference in lip vibration,

-

6o Mouthpiece placement; vertical and horizontal.-~There

appears to be unanimous agreement among brasswind specialists

that the mouthpiece inner rim edge must be placed above the
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red border of the upper lip. The reasons, again, are not
clear, The explanation usually given is that placement on
the red invariably produces poor results. It seems reason=
able to assume that placement in the red interferes with
proper inversion of the upper lip. In such a case, the inner
mucosa of this lip would likely be brought into the vibra=-
tional scheme. This would make for ease in playing the
middle and iow registers, but would cause difficulty in up-
per register perfcrmance, The author has observed that
vlayers who practice this placement use excessive mouthpiece
pressure, probably due in part to loss of muscular control
within the 1lips. The lips are abused by such practice, re=-
sulting in loss of sensitivity, control and endurance,

The ratio of upper lip to lower is determined by mouth-
piece placement. This ratio(as a factor in efficiency has
not been covered in the literature. French horn players
practice two~thirds upper 1lip placement, and some trumpet
players practice the opposiﬁe, placing one~third of the
mouthplece on the upper lip. The exact ratio is selected
more on the basis of desired timbre and physical comfort than
on efficiency. FProbably from the standpoint of efficilency
alone, there is an optimum placement on each lip, not too
close and not too far from the vibrating lip edges=--close
enough to give adequate support, and nct too close to inter-
fere with upper lip vibrations., Therefore, in low register

performance, where increased vibratingevertical-mass is
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necessary, high placement would be more efficient. Converse-
ly, in the upper register, a somewhat lower placement would
be more efficilent, providing mouthpiece support to reduce the
amount of vibrating-vertical-mass. However, changing placem
ment for the various registers does not work well in practice
since there is often no opportunity to do so as the player
noves from one register to another., The player therefore
finds a compromise placement that works well in all regise
ters. For the majority of players, a centered placement, as
an average, would appear to be best with regard to overall

efficiency.

7s Houthpiece pressure at the midline,--Considerable

opinion was presented in Chapter Four favoring an outward V
shape of the upper central incisors as the most desirable
teeth background, The reason given was that the greatest
pressure of the mouthpiece thereby will be at, or near, the
midline where many of the transverse fibers of the lip meet
and interdigitate, With the most forward point of the

teeth located at the midline, and with the mouthpiece pointed
straight ahead, the pressure of the mouthpiece will be les~-
sened at the lateral points of contact on the lips, making
for greater control of muscle fibers between their points of
attachment., ZIxcessive lateral pressure pins the upper 1lip

inside the mouthpiece and tends to isolate it from the muscle
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fibers outside the mouthpiece. This results in loss of mus-
cular control, and where pressure is excessive, loss of
sensitivity.

It seems reasonable to assume that any formation of the
upper front teeth which resulis in a slight forward projece-
tion at, or near, the midline, may be equated with the V shape
just mentioned, For example, one upper central incisor over-
lapping the other could result in such condition. Or one
central incisor located slightly forward of the other could
produce essentially the same effect. The important consider~
ation seems to be location of the main weight of mouthpiece
pressure at a single point, near the midline,

Pressure against the bottom lip does not appear to be
quite so critical, perhaps because the upper lip is usually
the primary vibrator. Optimum control in this lip is probably
achieved in the same manner as described above, However, it
appears that such control is secondary in this case to another
consideration, It seems preferable to have a firm anchor
against two lower teeth because this satisfies a need for
security, and helps to make placement more consistent from one

time to the next.

8. Postural changes during performance.-~There are only
two postural changes made during performance: teeth aperture

size and red-lip inversion, All other aspects of posture
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have been selected for maximum efficiency throughout the
entire range of the instrument and do not change.

Teeth aperture size directly influences the amount of
lip vibrating~vertical-mass., The larger the aperture (given
constant air pressure and lip elasticity), the larger the
amount of vibrating-mass, and conversely. If the aperture
remains constant, changes in vibrating-mass and amplitude of
vibration are made through air pressure and muscular activity
changes., It takes an apparently unproducible amount of air
pressure and considerable increase in muscular activity to
play in the upper register if the teeth aperture is too large.
There is an optimum aperture for every lip vibrational fre-
quency and amplitude, and the player quite easily moves the
jaw vertically to accommodate such an aperture. The difficul-~
ty comes in learning these exact openings and producing them
with consistency.

With regard t0 changes in lip inversion during perform-
ance, the amount of inversion is related to register-~the
higher the register, the greater the amount of inversion,

The author has found that these changes need only be slight,.
- Too much inversion results in the lips becoming frozen with
contraction, and consequent loss of resilience, It then be-

comes very difficult to produce any lip vibrations.
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B, Optimum Patterns of Muscular Activity

l, Muscles gpening the jawe-~In ordinary mastication,
gravity is the force which opens the jaw. However, it is
unlikely that gravity alone will produce the 1/4 inch in-
cisal opening recommended in brasswind playing. The mylohoid
muscle and the anterior bellies of the digastric muscle cone-
tract when forceful depression of the jaw is needed. Probab-
ly these muscles are used to a very slight extent in brass-
wind performance, the greater the jaw opening, the greater
their contraction. There is no activity in the muscles that
close the Jaw, except as the jaw is manipulated slightly to

make a smaller incisal opening,

2s Muscles moving the jaw forward and backward.--I1t

was shown in Chapter Two that forward movement of the Jaw is
accomplished by the contracting lateral plerygolds, and baclk-
ward movement by posterior fibers of temporalis., To reduce
strain on the temporomandibular joint, it is essential that
only the prime movers in either case contract., The amount of
contraction will then be dependent only upon the distance the
jaw is to be moved, muscular activity varying directly with
this distance., Also, activity in the lateral pterygoids will
vary somewhat with mouthpiece pressure against the lower in-

cisal teeth or gums, This pressure tends to push the jaw
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posteriorly in opposition to the lateral pterygolds. The
greater such pressure, the greater the resistance which must
be offered by these nuscles.

4 player with considerable overjet will have to move the
jaw farther than other players, and strain on the tempero=
mandibular joint will be greater, It is of importance, for
reasons stated above, that there be no activity in the
antagonist muscles.

The player with underjet in excess of one-half nmolar
tooth cusp will likely be unable to align his teeth vertically,
since posterior movement of the Jjaw is quite limited, as

discussed in Chapter Four,

2s Modioli: horizontal and vertical placement,«-~Mus-

cles which act horizontally on the modiocli are the risorius
and buccinator, and their antagonists, the incisive, DAO and
LAC muscles, The risorius muscles account for little of the
substance of the lips and contract to pull the modioli lat-
erally, stretching the lips. Their contraction places an un-
necessary burden on the incisive, DAO, and LAO muscles, which
have to hold the modioli against the lateral pull of the buce
cinator. ¥or this reason the risorius should be relaxed.

The buccinator muscles must contract to compress the
lips and to keep the cheeks tauts In s0 doing, the modioli
will be pulled laterally unless opposed by an equal force

from the incisive, DAO and LAO muscles.
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If the modioli are to remain in their natural position,
the incisive muscles must contract isometrically at the same
instant the buccinator contracts, the force of contraction
in the two muscles being equal, The activity in the buc=-
cinator Will.vary directly with intraoral air pressure, and
the activity in the incisive muscles will vary directly with
that of the buccinator,

If the modioli are to be positioned medially, the in-
cisive muscles will contract first, opposed only by the
natural elasticity of the facial muscle tissue being moved.
The activity will then increase directly with that of the
buccinator. _

If the buccinator is allowed to pull the modioli
laterally, the incisive muscles are stretched and must work
harder than would have been necessary at their resting
length or shorter., In this condition, the greater the con=
traction of the buccinator, the greater the disadvantage of
the incisive muscles, DAO and LAO, with the result that the
buccinator becomes dominant., The incisive muscles cannot
balance the pull as the buccinator contracts increasingly
for the upper register, and the modioli are moved laterally
even farther,

If the modioli are in their natural resting position,
the incigive, buccinator, LAO and DAO muscles can perform
with maximum efficiency. If the modioli are medial to their

natural resting position, the same is true. The incisive,
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LAC and DAO muscles are correspondingly shortened, remain-
ing at maximum efficiency. The bdbuccinator fibers are notl
correspondingly lengthened since they have slack due to the
fibers being longer than the distance between éttachments.
Also, many buccinator fibers do not pass through the modio-
lus, Therefore, the buccilnators can perform with equal
efficiency whether the modioli are in their natural posi=-
tions, or moved laterally or medially.

The muscles which establish the vertical placement of
the modioli in brasswind embouchure are the levator anguli
orlis and depressor anguli oris. The zygomaticus major and
platysma muscles, which move the modioli in a verticale
lateral direction, are not to be used,.

bLs discussed earlier, the modioll must be located =0
that the lips (which in contracting tend to form a straight
line between the corners) touch opposite the center of the
teeth aperture. For the majority of persons this location
will be the natural resting position of the modioli. In
such a case the LAO and DAC muscles, which aid in closing
the lips, contract simultanecusly and with equal tension,
the amount being directly related to ihtraoral air pressure,
Their contraction tends to pull the corners medially, there-
by working in harmony with the incisive muscles.

Where the modioli must be moved downward for correct
alignment, DAO contracts first against the natural elase

ticity of the facial tissue. LAO and DAO then contract in
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direct relation to intraoral air pressure to close the lips,
If the modioli are to be moved upward, LAO contracts first,
Players with very long upper and/or lower incisors and
correspondingly shert vertical lip length must be careful
that the modioli remain properly located as the lips are
made to touch, For example, as the player with long upper
incisors and short upper lip attempts to bring the lip down-
ward past the teeth edges, the tendency will be for the
modioli to ride upward, meeting the lip part way. Care

must be taken to insure that this does not occur,

4e Zygomaticus major, platysma, and labial

tractors.~-The zygomaticus major and platysma muscles and
the labial tractors must remain relaxed at all times, since
they tend to pull the modioli laterally and pull the lips
apart. The zygomaticus contracts to pull the modioli back
and up, thinning the lips and pulling them out of aligne
ment opposite the teeth aperture. The platysma does Just
the opposite, pulling the corners back and down. Working
together these muscles Join forces with the buccinator in
pulling the modioli laterally. This adds to the burden of
the dncisive, LAO and DAO nmuscles in holding the modioli
in place.

As stated earlier, the greater the work-load to be
performed by the prime movers, the more relaxed must be

their antagonists., The work-load in brasswind embouchure
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is in holding the lip alignment, and in touching and in-
veriing the lips against the flow of air, Only those
muscles which perform this task should be used if effi=
ciency ils to be maximunm,

The labial tractors pull the lips apart and furn the
lip~red outward. For the reasons previously stated, these

antagonists of the lips must be relaxed.

De Mentalis.=--The mentalis contracts to pull the flesh
of the chin upward, and in so deing, it causes the lower lip
to be forced upward. If the lower lip is relaxed, mentalis
coniraction causes it to be forced outward and upward past
the upper lip. However, if the lower lip is contracted, it
is forced against the upper 1lip, closing the lips and tend-
ing to push the upper lip in an upward direction. The
mentalls is never quiescent when any of the facial mus-
cles are active, sc it is impossible to keep this muscle
completely relaxed in brasswind performance, However, no
conscious attempt should be made to use the muscle., Rather,
it should be kept as relaxed as possible, If the depressor
labii muscles are inactive, the slight involuntary contrace
tion of the mentalis will ald in closing the lips without

causing undue upward motion.

6. Lips touching and inverted,~-=The muscles which close

the lips, and invert and compress them, are the buccinator,

compressor labii, LAO and DAO. It is important that the
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sensatilon of control in touching and inverting the lips come
from the modioli, not from the peripheral part of the lip
near the midline., There are two reasons for this. First,
by curling the lips inward from the corners, the contact
points of the lips outside the mouthpiece are sealed
against the loss of intraoral air which could escape around
the mouthplece. Secondly, the lips are not likely to be
pressed as tightly together at the center as when control
is emphasized at the midline. Excessive contraction in the
center could freeze the lips and choke the tone. There is
also the likelihood that control from the periphery at the
midline will cause lip inversion to carry past the teeth
edges into the oral chamber, Just why this latter is true
may never be known, since the intricate interlacement of
fibers within the lips makes scientific investigation
difficult, if not impossivle. But experience has shown that
unless the student ié taught in the beginning to curl from
the corners, the probability is great that he will over=-

emphasize contraction at the midline.

7o Minimal contraction.,--~Once the posture is establish-

ed, 1t should be maintained by the minimal contraction

necessary to change the fteeth aperture and to hold the lips
in position against intraoral air pressure, This involves
only those muscles which hold the Jjaw and modioli in posi-

tion, and which close, compress, and invert the lips. The
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facial muscles work only against the flow of air; contrace
tion is a function of intraoral air pressure and teeth
aperture siZe.

Tension should be felt slightly more in the lower part
of the face than in the upper in approaching the higher
register. Increased tension in the lower part of the buce
cinator causes a slightly firmer lower lip,; providing a se-
cure facing for the upper lip. Increased tension in DAO
pulls the upper lip more closely to the lower as the teeth
cloge slightly, thereby offsetting any tendency for the
modioll to ride up as the teeth are closed. Tension in the
upper part of the face, on the other hand, would tend to
harden the upper lip too much for efficient lip vibration

and encourage a riding up of the modicli as the teeth close.

9. Postural changes during performence.--There are no
postural changes during performance other than changes in
teeth aperture size and lip inversion. These have been dis-
cussed in relation to vibrating-lip-vertical-mass., An in-
cregse in the size of the teeth aperture and a decrease in
lip inversion, within the context of a constant pressure of
alr, permit a greater amount of lip*vertical-mass to vi=
brate, and conversely., These changes can be made with ease
if only prime movers are'useé, and if the lip setting,
alignment, and mouthpiece placement are correct. Some ex-

amples of aperture and lip inversion changes during performe

ance follow:
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a., In an accending passage during a decrescendo, the
player maintains the same intraoral alr pressure,
closes the teeth aperture no more than 1/16th inch
from the normal 1/4 inch posture and makes no change
in lip inversion, keeping the lips as relaxed as
possible as the teeth close, Lip vibrational fre-
guency will increase and the amplitude will de-
crease in proportion to the change in aperture.

be In an ascending passage during a crescendo, the
playsr maintains the same teeth aperture, increas-
ing intraoral air pressure throughout the ascent,
The red of the lips will invert very slightly, but
the player will have no proprioception of this
change. It will feel more as if he is holding the
lips in their same position as he ascends.

¢e In an ascending passage without change in inten-
sity, there will be an increase in air pressure and
a decrease in teeth opening. In this instance

there probably will be only a small change in lip
inversion. '

Summary
In this chapter & theory has been set forth favoring
one particular facial/jaw muscle posture and pattern of
muscular activity as the most efficient embouchure made for
all brasswind players. This posture and activity pattern

were described, and a supporting rational was presented.



CHAPTER SEVEN
IMPLICATIONS FOR BRASSWIND PEDAGOGY

A theory has been advanced that a single embouchure
mode is most efficient in brasswind performance. Further,
this optimum embouchure has been described in detail, As=-
suming the validity of this theory, the implications for
brasswind teaching are considerable, and are presented in
the following four major categories: (1) advisement con=
cerning the selection of brasswind instruments, or a
particular brasswind instrument, as a performing medium;
(2) methods for teaching the beginning brasswind player;
(3) methods for maintaining and develcping optimum embOum
chure through advancing of performance; and (4) remedial
methods for brasswind players who have developed a less
efficient embouchure.

Persons considering brasswind instruments as a psre-
forming medium should be advised at the outset concerning
their possible success. Such advice should be given not
only on the basis of musical aptitude and the playing
opportunities a given instrument affords, but also upon
natural physical adaptability for a particular instrument,
The latter often has been overlooked, probably because |
1ittle has been kunown about embouchure, If the embouchure

posture described in Chapter 5ix is accepted as optimum, it

200
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seems reasonable to assume that the more closely the natural
jaw and facial conformations of a prospective player approxi=-
mate this posture, the more easily the player will ve able
to develop it. Conversely, the more widely the natural
conformations depart from this posture, the more likely a
compromise in embouchure will be necessary. Any compromise
would mean some departure from optimum posture, and the
greater such departure, the greater the limitations to be
experienced in playing., For example, a person with outward-
slanting teeth and receded jaw may find it impossible or

too much of a strain to align the teeth edges as required
in optimum embouchure. This person should be fully aware

of the options open to him: orthodentic treatment 1f he
wishes to have the best possible advantage in embouchure;
limited upper range if he wishes to play with his natural
deflciency. He should know that if he chooses the latter,
he may well be able to meet all requirements for performe
ing a great amount of excellent solo literature, performing
in secondary school and amateur ensembles, and performing
professionally in both the Mlegit" and popular fields s0
long as his performance goals are consistent with his
natural limitation. If he accepts his limitations, he will
not waste time experimenting with varilous embouchure modes
in an attempt to develop & technique which is not possible

for him,
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A description of common deviations from the norm of
optimum embouchure is beyond the intent of this chapter.
It must be the responsibility of brasswind pedagoglsts to
know efficiency factors in embouchure, and the limitations
to be expected when a particular deviation exists. Study
ie needed to establish norms of performance at all levels
of playing ability, based upon the playing characteristics
associated with optimum embouchure and various deviate nodes.

The second major implication for brasswind pedagogy
concerns methodology for training optimum embouchure at the
beginning level of performance., It is here that proper
technique can be taught nost efficiently. Probably the most
crucial moment in embouchure development is when the mouth-
piece is touched to the lips for the first time. With pro-
per training, the majority of students should be able to
learn correct posture and muscular activity patterns re-
gardless of age; and through the playing of appropriate
musical exercises, they should develop such posture and
activity patterns as their natural embouchure mode,

An exanmination of method books for beginners in common
use shows that much is left to chance or to individual ine-
terpretation in the early training of embouchure. General
instructions usually found concern only mouthpiece placew
ment and lip formation, It is assumed that the player will
find his best natural embouchure on his own., In addition,

the early playing exercises center on - the low mid-range
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0f the ilnstrument where one embouchure mode is probably as
satisfactory as another. It is possible to play well in
this range using techniques that are not suitable for upper
register performance., Within the limitations of range,
timbre, flexibility, power, and endurance required in these
methods, and later for secondary school performance, many
different embouchure modes are possible. Psychological
factors (incentive, musical aptitude) and physiological
factors (general body strength, breath management) may
camouflage embouchure deficiencies, especially at this
level, lMethods for teaching beginners must be modified,
then, if the optimum embouchure is to be trained from the
start. The following procedures are suggested, incorpora=-
ting the principles set forth in Chapter Six,

ls Principles of breathing in playing a brass instru-
ment must be stressed from the start, since once the player
has finally mastered embouchure technique, he relies almost
entirely upon breath management and thinks very little about
embouchure. Deep breathing, abdominal support, relaxed
throat, quiet chest and shoulders must all be developed
purposefully, and may not be taken for granted, [Exercises
wnich develop proper concepts in breathing and breath sup~
port sheuld be practiced daily until they become habitual,

2s» Embouchure posture should be taught before the

student is allowed to work on his instrument, 'This includes
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a, Teeth parted approximately 1/4 inch, incisal edges
aligned vertically. The student can check himself
on this by using a small stick, such as that used
in stirring coffee, trimmed as necessary to the
right size. Inserting the stick beiween the teeth
and tilting it up and down by moving the Jjaw for-
ward and backward, he can get feedback concerning
correct opening and allgnment, If the student
experiences discomfort, he must be instructed to
relax the Jjaw as much as possible, and practice
for a short time at first, gradually increasing
the time as comfort permits.

be ILips touching lightly opposite the center of the
teeth opening. The student can get feedback cone
cerning proper lip~to-~teeth alignment by touching
the tip of the tongue against the inside of the
11:953 .

Co Modioli in their natural resting position, Feedw
back is obtained by touching the modioli with the
fingertips while forming the embouchure.

de Red of both lips turned inward slightly, The stu-
dent is instructed to start this movement from the
corners, gradually curling inward toward the mide-

line, Dbeing certain that the lip=-red does not cross
the teeth edges.

ee Muscles in the chin and beside the nose are relaxed.
FPeedback is obtained by touching these areas with
the fingertips as the embouchure is formed. Any
novement cor firming of facial tissue indicates mus=
cular activity.

5« Once the posture has been established in a relazxed,
comfortable manner, breath is passed through the lips.,
Checks are made by the student with the fingers and tongue
to assure that the posture has not been disturbed. Air flow
is increased and the student continues checking, being cer=
tain that the posture is maintained as the lips hold against

increased air pressure., Proper breathing and breath support

are constantly checked.
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Le Tonguing is introduced, making certain that the
posture is not disturbed., Particular attention should be
given the lower jaw, which should not move with the tongue.

5. After all of the above has been comfortably ese
tablished, mouthpiece placement is introduced. This is a
crucial moment in the early training of technigue, and ine
structions should be specific to each individual. In the
case of the smaller mouthpieces where the rim is placed
opposite the incisal teeth, placement should be on the most
forward point of the upper teeth, and the most forward two
points of the lower teeth., In all cases the bite nust be
above the upper lip-red. Vertical placement should be
approximately equal on both lips except for horn, where 2/3%
upper and 1/3 lower lip are recommended, making a slight
sacrifice in efficiency to achieve characteristic timbre.
After placement is made, the student forces air through the
mouthpiece without any attempt te vibrate the lips, checking
constantly to see that correct posture is maintained and
that facilal muscle activity appears to be nil, Air is in-
creased, s0 that the lips begin vibrating., If the lips are
touching properly and inversion is maintained, the first vi-
brations will be at a rather high freguency. If they are
not, the student continues working with the mouthpiece alons
for a full, free vibration, and is cautioned against tensing

and pressing for the high frequency. As the posture
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stabilizes and the lip inversion holds against the flow of
alr, the frequency will rise,

Gs Once the student produces a full tone on the mouth-
piece at a relatively high frequency with consistency, he is
permitted to take his instrument for the first time and is
taught how to assemble and hold it,

7« Finally, the student is introduced to the playing
of exercises especially written for this method. These exw
ercises will differ from traditional beginning exercises in
that the middle range of the instrument will be fully exm
plored first, with occasional prlaying in the upper register,
The low register will be avoided during the early weeks of
playing, for the following reason: students find that this
register can be played immediately if they remove a small
amount of lip from the mouthpiece or make other undesirable
ad justments or deviations'from the optimum embouchure posu-
ture. This will cause difficulty in developing the altis=-
simo register, where more lip in the mouthpiece is needed,

Frequent checks musi be made to assure that correct
posture is being maintained and that there is a minimum of
- tenslon in the facial nuscles. Also, constant checks on
breathing and breath support must be nade, and reminders
made about tonguing,.

Once proper embouchure, breath support, and tonguing
are correctly and securely established, other aspects of

technique and musicianship normally covered by beginners can
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1.7

te introduced. This mparke the first time that the brasswind
players may Join with other instrumentalists in playing ene
semble pileces, approximately cne month after the beginning

™y
I

program hag started. eglnning brasswind students nmust be

taught, therefore, in a separate class from ther instrue
mentalists for at least thelr first month of study. As

they begin playing in full bvand and orchesira, they continue
meetlng separately at least ouce each wesk %o have embouchure
checked and Lo develop range bsyond that normally required

in beginning band or orchestra music. By the end of the
year, these siudents will be aware of all registers, pedal
through altissimo, will know the proper procedures to use in

atlempting these registers, and in meny instances, will have

0]

succeeded in playing far beyond the ranges required in
secondary school band and orchestra performance,

Care must be taken that the heginping student not press
the mouthpiece too hard against the lips in playing high
tones aud thal he not allow 1lip to slide out of the mouthe
piece a&s he plays in the low register. Constant checks must
e made tanroughout the year Lo be certain that proper im-
poucnure posture is maiuntained and that dmproper muscles
are not hrought inte play. Ixtremely loud playing should be
avoided during the firsl year if it appears that it causes
the student to remove lip from the mouthpiece. Coordination
aac ease of playing over a wide pitch rangs musi be sltressed

as dmportant goals,
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The third implication for brasswind pedagogy concerns
the methodology involved in maintaining optimum embouchure
after it has been established as the player concentrates
upon developlng overall technique. In present methodology
little, if any, mention is made concerning embouchure after
the student has begun playing., Imphasis centers upon dew
veloping general musicianship, and playing demands are oxnly
moderate as related to upper register performance., In such
a situation, it is poseible that a student will slip into a
less efficient embouchure mode and yet perfornm with ease all
of his musical assignments. To prevent this, 1t will be .
necessary to use supplementary materials which present to
the student the full range of the instrument and which
emphasize the desirability of developing this range even
though it does not appear in his ensemble and solo ex-
periences, If the player is reminded Qccasionally of the
elements of embouchure, is encouraged to check himself care-
Tully against any deviations from correct posture and nmus-
cular activity, and is assigned exercises which he cannot
play with ease unless he uses correct embouchure, he will bve
less likely to slip into poor habits., Further, his embou-
chure will continue to develop; and when he is confronted
with music which exploits the outer limits of the instru-
ment, he will be more prepared to play it.

There is no such supplementary material readily avail-

able today; it will be up to the individual instructor to
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develop his own, If the demand for material of +his nagure
bacomes great emough, 1t iz likely that it will becone
available,

The fourth implication for brasswind padagogy relates
to remedial methods for brasswind players, who have already
estavlished an embouchure mode which deviates from the most
efficient one described. In this case, hahits developed
Cver many years, in some instances, must be broken and new
ones developed. Such modification in techulgue may come at
2 very Inconvenlent time, especially for those players in
respousible pogitions in musical orgenizations. The author,
i orxder to galn ilosight into this problem, conducted an
informal study with eighteen college brasswind majors who
were nolding imporiant positions in band and orchestra and
who were interested in improving their embouchure. The
subJects included trumpet, trombone, and tuba majors. ALl
were able 10 adjust with comparative sase to the ewbouchure
while concentrating on nothing but Jaw position and proper
muscular activity. They were further able to incorporate
the new embouchure rather well at times, although inconsiste
ently, 1o the playing of special exerciges which enphasize
upper register performance., 411 students found that they
could occasionally play very well over a wide range, whereas
at other times, they could barely play at gll. Few were

able to incorporate this technigue immediately into their
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ordinary playing assignments. It appeared that much time
would be needed to change 0ld habits,

The trumpet players met with less success than players
of other instruments as they changed embouchure mode.

Their problems appeared to be related to lack of nmuscular
relaxstion, Apparently, these players had become accus-
tomed to keeping their facial muscles overly firm during
performance over the years and were unable %o relax sufe
ficiently. There were moments, however, when all realized
the satisfactlon of playing with ease in the altissimo
register., All students appeared convinced that the new
embouchure had merit and wanted to continue working at it,
even though time would be lost thereby from their regular
gtudy.

Remedial work may take either of two forms. The first,
probably the quickest, involves a sudden change to the new
embouchure, attempting to erase at once he o0ld habits.

This would mean that the player would become at least mow-
mentarily a beginning student and would have to drop all
responsibilities of performance during the change. For a
period of at least one year, and perhaps considerably
longer, the new habits would be developed until théy were
stable. The player would lose time thereby from the regular
study of exercises, etudes, studies, solos, etc., that might
have been expected of him, His reward for this would be the

development of a technique which would enable him to perform
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eventually at a more advanced level than he could have
attained on his old embouchure,

The second approach involves a very gradual develop-
ment of the new embouchure while the player continues to
perform on the old one. In this case the player would play
daily upon two different embouchures, practicing special
exerclses on the new one, and then practicing regular
playing assignmente on the old., At some point he would be-
gin using the new embouchure on a limited basis in his
playing, and gradually discard the old, This would probably
take much longer than the first approach; but it would al-
low the player to proceed with his regular performance
schedule. The amount of time and difficuliy involved ih
this approach is not known. The preliminary investigation
mentioned above indicates that for most players the gradual
change causes only minor difficulty. It might be noted
that in this informal experiment, the players with the
poorest embouchure made the change more quickly and with
more ease than those students with a somewhat better, pre-
viously developed embouchure mode, This was especially
true of trumpet players; the better the player, the more
troublesome the changeover,

The four implications discussed in this chapter must
be given further study. Some of the questions needing

scientific investigation are as follows:

1. Are there any adverse physiclogical effects
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resulting from having all students conform as closely as
posgible to the posture described? If so, what are they,
and what are the characteristics of students who experience
them?

2e Will the young student respond in a pdaitive way
to the beginning approach described? Can he be motivated
by an approach which stresses physical development at the
outset rather than the customary, and more pleasant, ex-
perience of playing tunes immediately?

5e Vhat will be the playing characteristics of stue
dents taught by this method as countrasted with those
taught in the traditional way? This would include a de-
seription of tone gquality, range; mouthpiece pressure,
endurance, flexibility, etc., at variocus times, at the
beginning, intermediate, and advanced levels of
performance,

4o What is the most desirable method of changing
from another embouchure mode to the optimum?

S« What musical exercises are suitable for use in
developing most efficient embouchure and maintaining it

through all levels of performance?
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QUESTIONNAIRE AND ANSWERS CONCERNING TWO OPPOSING
METHODS OF TEACHING BRASSWIND EMBOUCHURE

Definition of Special Terms Used in the Questionnaire

Trumpet Pedal Register--All notes downward from
written F# below the treble staff.

Trumpet Low Register-~Wiritten F# below the treble
staff upward through second line G,

Trumpet Middle Register-~Written G# second line treble
staff upward through G, top of staff.

Trumpet High Register--Written Gf top of treble staff
upward through G, four ledger lines above the staff,

Trumpet Altissimo Register--All notes upward from
written G, four ledger lines above the treble staff,

Legit--The slang word legit is common in musical jar=
g0n, and it is used in the questionnaire intentionally for
want of a better term., It is an antonym for the word
popular as applied to art, and refers to classic works of

¢f music as distinguished from popular nusic,

Two Opposing Methods of Teaching Brasswind Embouchure
Method 1. Emphasis is on the development of embou~

chure in the low, middle, and high registers. Flexibility,

213%
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power, and control in these registers are stressed in re-
lation to artistic performance of standard literature. The
altissimo and pedal registers are recognized and are con-
sildered desirable, but they are believed to be representas~
tive of innate ability, not required nor expected of all
students, |
Method 2, Emphasis is on the development of embou-
chure in the high and altissimo registers first for all
students, This method is grounded in the premise that the
embouchure in the middle, low, and pedal registers can be
developéd later without radical departure from the embouw
chufe used in the high and altissimo registers. Ewphasis is
placed on power, ease, and control in the high register
first, with mechanical considerations taking precedence over
musical coneiderations in the beginning., As mechanical
considerations are mastered, musical considerations are

then stressed,

Respondents to Questionnaire
John J, Haynie, Professor of Music, performer and
teacher of trumpet, North Texas State University, Denton,
Texas, representing method one,
Haskell O, Sexton, Professor of Music, performer and
teacher of trumpet, University of I1linois, Urbana, Illinois,

representing method one,
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Koy Stevens, performer and teacher of trumpet,

Stevens-Costello Embouchure Clinic, New York, New York,

embouchure specialist, author of EImbouchure Self Analysis

and the Stevens=-Costello Triple C Embouchure Technique,

representing method two.

Elmer R. White, Associate Professor of Music, performer

and teacher of trumpet, Appalachian State University, Boone,

North Carolina, representing method two,

Aa

Questionnaire and Answers

Description of students working under your tutelage

i,

What level student-~beginner through advanced
conservatory/college through professional--comes
to you for study?

Haynie: Beginner, rare; occasional high school
student; some college freshmen and sophomores;
basically, graduate students, senior under-
graduate, and a few junior undergraduates,

Sexton: Medium ability through advanced conservaw
tory/college.

Stevens: DBeginning through professional, mostly
professional, Most do not come to learn to
play the instrument, mechanically speaking,
Ninety~nine per cent come to work solely on

embouchure=-~how to apply it to their mechanics.
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White: The students who come to me to study are
mostly undergraduate college students.

Are studenis under your tutelage more interested in

legit or popular performance?

Haynie: Legit.

Sexton: Legit,

Stevens: From both areas. They are already funce
tioning in their chosen area,

White: I have students who are interested primari=-
ly in legit playing, students interested pri=-
marily in popular playing, and students
interested in both,

What are the ultimate goals of your students, gener-

ally? (Teaching in public schools, colleges, pro=-

fessional playing, what type of playing?)

Haynie: Teaching in college, first choice. Next
choice, teaching in public schools. Profes-
sional playing is of interest to some, but
they are smart enough to realize that such
opportunities are limited, Some do becone
professional players if the breaks allow--
the right place at the right time,

Sexton: Teaching in public schools, colleges.

Stevens: To become a lead player, or better lead

players; professional playing.
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White: Most of my students will pursue public
school teaching careers, Some students have
awbitions toward college teaching careers, and
others toward prefessional playing careers, in
both legit and popular fields.

How long do students normally study under your

tutelage?

Haynie: ‘From two to six years, with four being an
average, Some drop after one year, probably
out of music.

Sexton: Two to four years,

Stevens: An average of three years. If they last
the first eight weeks, they last for at least
three years. Those who have studied longer
have established reputations for their
embouchures.

White: Most students study with me for four years.,

When a student has completed study with you, is he

more suited to the legit or popular field?

Haynie: The majority are more suited to the legit
side. Those who becone profeésional players do
s0 in the popular field, usually'leaving before
completing the program. Those completing the
Program are sulted t0 legit playing,

Sexton: Legit.

Stevens: 1. The student has never completed study.
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Even the most advanced come back for periodic
check-ups., 2. The student is suited to either
field. 3. Students include a principal
player in the Metropolitan Opera Orchestra,
and lead players in the popular field.

White: I allow the student to determine his own
emphasis to some extent. In all cases the
primary emphasis is on legit playing, but time
is taken, if the student wishes, to study jazz
interpretation, etc. In my own playing the
emphasis is on legit playing, but I have dons,

and continue to do both.

Bs Work in the altissimo register.

1.

2

Do you stress development of the altissimo register?

Haynie: No,

Sextont: HNo.

Stevens: We start with it.

White: My students work in the altissimo register,
not necessarily for the purpose of making this
register usable musically, but as an exercise
for embouchure development,

What percentage of your students, approximately,

work to develop the altissimo register?

Haynie: Perhaps ten per cent work on it and are not
discouraged from doing so.

Sexton: None,



219

Stevens: All,

White: Virtually all students work to some extent
in the altissimo register.

3. What percentage of your students actually develop
a usable altissine register?

Haynie: Five per cent or lesse. They could do it
before coming {0 me.

Sexton: lNone.

Stevens: All have it as a usable upper register.
It is relative to the individual playerts
mechanical development, which is dependent on
his insight and ability to coordinate what he
knows will play.

White: All of my students learn to produce tones
in the altissimo register; however, only those
who are inclined toward playing popular music,
e+8s stage band, etc., would have reason to
use the register and therefore work toward any
control of this register,

e In your opinion, is there such a thing as being
naturally suited to play the altissimo register?
Haynie: Yes,

Sexton: DPossibly, but I have had such little interest
in it I have not explored it.

Stevens: Yes, If the natural formation suits the

principles that are involved in physical law,
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the pupil does not necessarily have 1o know
those principles. It would be better if he
did know, for he would have more assurance in
the sharp-shooting or placement of tones.

White: Any player can learn to produce a good sound
in the altissimq register, although because of
certain factors, e.g. teeth formation, some
students develop it ﬁor@ easily or quickly than
others.

La. If so, what are physiological characteristics of

players =0 endowed?

Haynie: Most have a normel looking embouchure, use
excessive pressure, play very loudly, and have
a very strong facial musculature to withstand
the excessive pressure, Some have undesirable
characteristics: excessive expansion of the
neck, puffing cheeks, mouthpiece low on the
upper lip, and head ducked.

Sexton: (No comment,)

Stevens: 1. The ability to retain a parallel
Jaw position to the top teeth edges, establish-
ing a firm background for the bottom lip facing
and the top lip reed., 2. A minimum of teeth
irregularities. 3. An easy alignment of the

lips between the teeth aperture, equally spaced.
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White: Wedge=shaped upper front incisors are an
asset as 1s the lack of an excessively pro-
nounced distoclusion., A pronounced distoclu=
glon in conjunction with upper front incisors
that slant outward (buck-teeth) makes develop-

ment of the register more difficult.

Lb. What are psychological characteristics of players

D

naturally suited to playing altissimo?

Haynie: High note players are braggadocios. There
is a physical thrill to playing high notes, and
lisfeners like to hear them.

Sexton: (No comment,)

Stevens: Whatever the psychological barriers are
prior to the development of the upper register,
they cease to exist after a mental connection,
understanding, and sense experience have been
established.

White: I do not believe there are any psychological
characteristics which would affect the develop=
ment of the altissimo register any more than
any other aspect of frumpet playing.

Were all your students who successfully developed

the altissimo register naturally suited to this

register?

Haynie: No,

Sexton: (No comment,)
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Stevens: lo, Physical deficiencies had to be over=-
come to conform with the principles.

White: All of my students develop this register so
they all must be well enough suited.

Do you stress fortissimo playing in the altissimo

register?

Haynie: To,

Sexton: (No comment.)

Stevens: Yes, It is part of the physical law,

White: Yes.

Do you stress pianissimo playing in the altissimo

register?

Haynie: XNo,

Sexton: (No comment,)

Stevens: Yes. It is also a part of physical law,

White: Not on the Bb sopranc trumpet,

Do you stress control of slurs and articulations

through a wide range of dynamics in the altissimo

register?

Haynie: 'No, but if I did stress the altissimo, I
would emphasize this just like the high register.

Sexton: (No comment.)

Stevens: Yes, very much; almost exclusively for the
early stages. |

White: Not on the Bb soprano trumpet. Pilanissimo

playing and/or articulation practice in the
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altissimo register is really not feasible, and
probably not possible for most mortals, on the
Bb trumpet. If the student is advanced enocugh
and 50 inclined, this sort of work might be
done on the B° piccolo trumpet,.
Cs Embouchure,
1. Corners of the mouth.

as What is the action of the corners of the mouth

during inhalation? Why?

Haynie: Firm, but not tighﬁﬁ I agree with Farkas
concerning the "tug-of-war' between facial
muscles. The corners are relaxed for lower
notes, and tighten up in ascending to high
notes. During inhalation, let nature decide
what the corners do.

Sexton: Corners stretched back toward the ears,
to allow much air te enter the mouth quickly,

Stevens: Relazation, separation of lips minus tu-ee
(pulling the corners back and up)., Intake must
be silent=--nc sipping, It is this position
that permits the player to bring his lips
together from the corners to the outer rim of
the mouthpiece and establish playing formation
with a minimum of tensibn. The release of air
and its force will determine the playing

tension. The tension may increase or decrease
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from the original playing formation based on
the intent of the player. It is the fixed
corners in their relaxed position that permits
the player to correctly align his lips over and
over,

White: The corners of the mouth should remain
virtually motionless during inhalation so as
not to disturb the embouchure setting and
moutnpiece placement, A completely silent
breath can be taken if the throat is kept
Oopen, the ftongue dropped io the bottom of the
mouth, and the jaw opened slightly. The musg-
cles of the embouchure must be relaxed to allow
the mouthpiece placement to remain fixed as the
Jjaw is lowered slightly, As this is done, the
corners will move downward almost imperceptably.

b, What is the placement of the corners of the mouth

vertically and horizontally while performing in
the various registers low to altissimo? Why?

Haynie: There is nothing that can be done to change
the natural inclination of the corners up or
down. I suspect that if a player's corners
naturally turn up, such a person plays the
"smile" system. The corners of most players
turn dbwn. Keep the basic, natural positione-

the natural position when relaxed.
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Horizontally, the movement must be minimal,
Be aware of contraction, keeping a normal ap~
pearance, the position when relaxed., This is
true in all registers. There appears to be
movement in some fine players. It is a very
individual matter, some appearing to move the
corners forward, some backward. Keep motion to
a minimum,.

Sexton: Corners drawn down, not back for upper
range, for purposes of strength in embouchure,.

Stevens: It is the same, taking into account the
relative change of nmuscular tensions. The
corners in normal resting position with the
teeth 1/4 inch apart and aligned vertically
(even bite} is the ccrrect position unless there
is a deformity.

White: The horizontal and vertical position of the
corners of the mouih should be, for most'playw
ers, the same as in a natural state of repose,.
Assuming that the teeth are vertically aligned,
the corners should remain in virtually the sane
position for all registers, l.e. vertically
aligned with the teeth aperture and in natural
width. A player with very fleshy lips may need
to widen the corners siightly. Any Jjaw position,

€eZe a receded jaw, or teeth structure, e.g.
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cutward slanting upper front incisors in cone-
Juncticn with a receded Jaw, which would cause
the player to have & tendency to push the lips
upward with the mouthpiece and out of aligne
ment, would create the need to depress the cor-
ners somewhat for high and/or loud playing,

In ascending into the high and altissimo
registers, a very slight widening of the corners
takes place. This is probably due to the in=-
creased contraction of the risorius and
platysma muscles and possibly the buccinator
muscles,

Should the corners of the mouth hug the teeth?

Why?

Haynie: Yes. If not, you may wind up with puffed

cheeks,

Sexton: Yes. Agailn a feeling of strength from the

grip of the corners ageinst the teeth,

Stevens: Yes, to avoid slack in the lips, top and

bottom.

White: Yes. All of the flesh of the face must

da

"drape!" firmly over the jaw and facial bone
and teeth structure for the facial muscles to
contract properly.
Should the corners of the mouth be relaxed or

firm? Why?
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Haynie: Firmly relaxed, The longer one keeps the
tension out, the longer one has reserve left,
somewhere to g0,

Sexton: Firm in the middle and highe~endurance.

Stevens: Relaxed during inhalation. The tension
during playing should reflect the volume and
area of range, which are based on the intent of
the player, The speed of the air column, amp-
litude and frequency of the sound vibration,
will determine the tension.,

White: The corners of the mouth should be relatively
firm at all times. The muscles of the face
which insert into the lips, through the cornpers,
must be contracted to hold the lips in place
against the {low of air, while the center por=
tion of the lips themselves remain as relaxed
as possible, All of these radiating muscles
converge at the modiolus, just outside the cor-
ner of the mouth., The amount of tension in
these muscles should be governed by the amount
of air pressure against the lips and by the
amount of lip exposed to the air stream. The
amount of lip so exposed is, of course, deter-
mined by the teeth opening. Obviously then,
more lip exposed to air, and/or more air pres-

sure = more muscular contraction and visa versa.




2o

228

e. Have you any other ideas concerning the corners

of the mouth?

Haynie: Ko,

Sexton: (No comment.)

Stevens: No.

White: 1If the corners are held proverly, the player
will experience the sensation of a slight
"tucking-in' of the corners. This will allow
the embouchure formation to be held in place
against the air flow while the center portion
0of the lips remains relaxed, producing an
efficient, vibrant, rescnant sound.

Tension of facial muscles,

ae Should the buccinator (cheek) muscles be firm

or relaxed in playing the low, middle, high,
altissimo registers? Why?

Haynie: Firm in low, gradually getting firmer but
staying as relaxed as possible for any given
note.

Sexton: TFirm throughout; otherwise, poor control
of pitch level,

Stevens: The compression in the mouth chamber will
determine the tension,

White: The buccinator muscles should be relatively
dirm at all times, The higher and/or louder

the playing, i.e. the more the alr pressure
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and/or the more lip exposed to air, the firmer
the buccinator nuscles will become.

be Should the nuscles that elevate the upper lip
(not including the corners) be tensed or relaxed

in the various registers? Why?

Haynie: Same as preceding answer, all working as a
tean,

Sexton: As relexed as possible, yes, but to be
honest, it is not really relaxed in upper
range. The upper lip nust be rolled, so it is
not completely relaxed,

Stevens: o attempt should be made to use these at
all. They should be used to reinforce the
original playing formation, and sympathy ten-
sion will be introduced when the two lips are
exposed and resist the air column, equipping
the two lips to resist mouthplece playing
welght (arm pressure).

White: The upper lip levators should remain relexed
in all registers. These muscles, when tensed,
will separate the lips. If a player attempis
to create what I call the necessary surface
tension 1in the vibrating portion of the upper
lip levators (levator labii superioris, levator
superioris aleque naesi, and zygomaticus minor)

he will find 1t necessary to offset the
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tendency of these muscles to raise the upper
lip itself (orbicularis oris) and/or by an in-
¢rease in mouthpiece pressure (which I assume
everyone considers undesirable) to attempt to
hold the lips together, This can become a
really serious problem in ascending into the
higher registers. In an ascending passage

more surface tension is needed. 4 player can
learn through trial and error that by tensing
the upper lip levators, the needed surface
tension is created; but at the same time, these
muscles are beginning to elevate the upper lip,
pulling the lips apart and creating a larger
1ip aperture, while a smaller aperture is needed
to play the higher tone, The most expedient
way to create the smaller lip aperture now
becomes to reesist the upward pull on the lip
with the lip muscle itself and to begin to
press harder with the mouthpiece to Ymash' the
lips back together. As the player continues %o
ascend, one factor continues necessitating the
other until the lip cannot be "mashed" any
further, or until he reaches his limit of en=-
durance of pain, whichever comes first. Unw
fortunately, this limit often is reached before

the desired high tone is reached. Also
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unfortunate is the fact that once this cycle
of pulling the lips apart and pressing them
back together has begun, the player becomes
trapped in this method of ascending, i.e. he
cannot continue te ascend without more of the
same, Contraction of the upper lip levators
is one of the conmtributing factors in starting
this cycle, and should be rigorously avolded.

Ce Should the muscles that depress the lower lip
(not including the corners) be tensed or relaxed

in performing the various registers? Why?

Haynie: Same as above,

Sexton: Same answer as above--as relaxed as possible.

Stevens: They should not be thinned and weakened,
They act as a cushion to receive the mouthpiece
welght on the bottom,.

White: The lower lip depressor should be as relaxed
ag possible for basically the same reasons as
described in question 2b above. This muscle
will also be discussed more fully along with
the mentalis (chin) muscles below,

d, Should the mentalis (chin) muscle be relaxed or
contracted in playing the various registers?
Why?

Haynie: The chin should be flat and pointed, Try

to reduce the weight of the mouthpiece on the
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upper lip., The flat, pointed chin forces the
correct action of the muscles of the upper lip.

sexton: Contractede~pointed=-very poor embouchure
contrel otherwise,

Stevens: Always in a state of contracticn, only
different degrees, with the degree being dew
pendent on intent and area, exclusive of the
concept of playing pedal tones, which require
a complete collapse of the outer-red,

White: The mentalis (chin) muscles should remain
as relaxed as possible at all times. When
this muscle contracts, it begins to push the
lip alignment up (lip alignment refers to the
point where the lips must meet each other
being aligned with the teeth opening).

Further comments concerning both 2¢ and
2d above (the depressor labii inferioris and
the mentalis): One can feel tension in this
area while playing but I believe it is incore
rect to emphasize this tension, or to deliber-
ately attempt to contract these muscles, i.e,,
to attempt to pull down or "point" the chin or
"punch up' the chin., The proper tension will
materialize in sympathy with other deliberate

muscle activity, e.g., activity in the
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modiolus and the depressor of the corner of
the mouth (triangularis or depressor anguli
oris), and the lower orbicularis oris,

g« Should there be a feeling of tension or relaxa-
tion in the face generally with reference to
the various registers?

Haynie: There should be firmness in the low regls-
ter, increasing as the player ascends, but
with reserve as far as possible., This will
vary from day to day.

Sexton: A feeling of relaxation, yes.

Stevens: There must be both, Relaxation is a mat-
ter of degree from tension. The piayer must
avoid neutrallzing or collapsing the playing
formation. "Neutral" is the fixed point some=
where between force behind the air and muscu~
lar resilstance,

White: There should be a feeling of "minimum tenw
slon" in the face while playing, although only
enough to hold the playing formation against
the air stream, The amount of air pressure
then becomes the gauge for the amount of ten-
sion needed, This "minimum required tension®
would be relatively small in the middle regis-
ter, somewhat more at the corners of the mouth

in the low register, and considerably more
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in the high and altissimo registers. 4s a
general rule, the player should concentrate
this tension in the lower portion of the
face, 1.4y in the modiolus, risorius,
platysma, triangularis (depressor anguli
oris), and the lower one~half of the
buccinator,

f+. Should there be a feeling that the focus of

tension is within the lips rather than spread
to include muscles outside the lips?

Haynie: No. The lips serve as the vibrating area.
The musculature of the whole face is involved.

Sexton: I feel the tension in the lips more so than
in the face, but when I study the mirror, I
see that the face is working also. (Frank
Simon was a firm believer that the face mus-
cles must be working also.)

Stevens: The starting point i1s tension below the
corners (depressor anguli oris m.). The rest
of the embouchure muscles will and should work
in sympathy, establishing various tensions if
properly exposed to air. The radiating muscles
from the corners across the cheeks (buccinator,
and risorius including the masseteric and
platysma strands) are dependent upon the orbi-

cularis oris (top and bottom) being properly
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exposed to air between the teeth apertures,
permitting the radiating muscles to exercise
control over the two lips,.

White: No,

Alignment of lip aperturse with the opening between

the upper and lower teeth.

a2y Is it important that the lip aperture be op=

posite the opening between the upper and lower
teeth? Why?

Heynie: Yes, so that the lips will be in position
te receive contact with the air stream,

Sexton: Yes. I cannot see how it could be otherw
wise for good response and control.

Stevens: From my point of view the law must be a
two-aperture concept: teeth and lips. The lip
aperture must comprise an equal amount of upper
and lower 1ip between the teeth wherever the
mouthpiece placement is made., Example: If one
upper tooth is longer than the other receiving
the mouthpiece, the longer will be the barometer
for lining up the lips equally spaced between
the teeth aperture. This necessitates a lower-
ing of the corners so that the lips in their
playing formation form a straight line between

the two fixed points, corners of lips.
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White: Yes. When either lip is not exposed to the
flow of air, the air flow will be completely
impeded and stop; or the lip receiving all the
air pressure will blow ocut. In either case,
the vibration and consequently the tone will
stOope«

be Should the center of the two openings (lip and

teeth) be perfectly aligned? Why?

Haynie: Afraid of the word perfectly. Reasonably
well aligned.

Sexton: Again, yes. Same as reason above.

Stevens: Yes, so that the bottom teeth edges can
exercise control over the lip aperture by
articulating up and down relative to increas=
ing and decreasing air compression, lengthen=-
ing and shortening the siroke of vibration,
A11 jaw motion up and down must be relative,
based on the starting point of the pre-
determined Jaw position. I do not advocate
receding the jaw to its underbite position,
contributing to extreme lip separation, re-
sulting in excessive mouthplece weight to
overcome lip'separation.

White: Yes., While the size of the teeth aperiure
will vary somewhat in changing registers and

dynamics, it should average about 1/4 inch,
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Therefore only 1/8 inch of each lip would be
gxposed to the ailr stream. Assuming that the
teeth are aligned vertically, and since it is
obvicus that the vibration will stop the in-
stant elther lip is no longer exposed to the
air stream, it would be imprudent not to
attempt to maintain perfect alignment of the
lips to the teeth aperture.

¢c. If alignment is to be maintained, how is this

accomplished? What muscles are important in
preserving allgnment?

Haynie: I do not know.

Sexton: Equal pull between upper and lower lip and
corners. Actually, a person with an extremely
short upper lip cannot have good response,

Etevens: The fixed corners maintain the alignment.
Do not use the upper cone-half of the facial
muscles. For example, no sneering, no sipping
of air raising the corners, no lip thinning and
weakening by pulling the corners back and UPe

White: The caninus (levator anguli oris), and the
triangularis (depressor anguli oris) appear to
play the primary roll in maintaining the DPOSi=
tion of the corners of the mouth (the modioli),
If the corners remain in place, i.e. aligned,

the lips will remain aligned. This assumes
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that the mouthpiece is not at an angle other
than ninety degrees to the plane of the labial
surface of the teeth., If this were the case,
the mouthpiece might push the lips out of
alignment., The buccinator muscle, the come~
bination of risorius and platysma muscles, and
possibly the zygomaticus major also appear to
play some part in maintaining the position of
the corners of the mouth, especially under
high levels of compression, e.g. playing very
high or loud. The risorius and platysma nus-
cles appear to increase markedly in activity
when ascending intc the high and altissimo
registers.,

de Is alignment more important in one register than

in another? Why?

Haynie: Yes, in the high register,

Sexton: Upper range extremely important., Not so
much in lower range.

Stevens; Important in all registers. The higher
you play the more perfect the alignment has to
be since there is less room for error.

White: I would not characterize alignment as "more
important in one register than another' rather
I would say that it is more critical (and more

difficult to maintain) when playing high and/or |
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soft, since the teeth aperture is smaller,
ire Alignment of the lower teeth with upper teeth
vertically.

&. Assuming a very slight éverbite in nérmal
occlusion, should the brass player align the
teeth vertically in the various registers?

Why?

Haynie: The Jaw is most forward for the low regls-
ter, gradually receding as the player ascends,
belng careful not to recede too much too soon.
It would be great if the teeth alignment could
be vertical all the way for stability of total
embouchure,

Sexton: The normal person cannot align teeth ver-
tically in the top range. ToO do s0 causes
much strain of the lower Jaw,

Stevens: VYes, in all registers, so that both lips
can receive an eguitable distribution of weight
of the mouthpiece, Pain due to high spots or
other irregularities in teeth formation may be
rartially overcome by bringing the teeth into
vertical alignment.

White: Yes (overbite = distoclusion or horizontal
overbite)., The two surfaces which serve as a
background for the lips, the upper and lower

front teeth, should present a reasonably even



240

background upon which to place the mouthpiece,
With the jaw receded, there is a strong ten=
dency to apply more than one-half of the mouthe
plece pressure to the uﬁper lip. The pressure
frowm the mouthpiece should be distributed ape-
proximately equally between the top and boittom
lips, with very siightly more than one~half of
the total mouthpiece pressure on the bottom lip,
Problens relating to overblte and to vertical
alignment of upper and lower teeth will be dis~
cussed further in answers 5a, b, and c,
be Have you had a student with severe overbite (1/4

inch approximately) develop good, excellent, or
outstanding tone quality?

Haynie: It is possible to produce outstanding tone
quality with a severe overbite. In fact, I
have such a student now. This student also has
fine range and power.

Sexton: Yes, excellent.

Stevens: I have had students with severe overbite.
However, according to my understanding of the
physical laws involved, I consider this condi-
tion a phyéical deficiency and a severe handi-
caps I would not take the trouble to find out
if his tone quality could develop to good,

excellent, or outstanding since this condition
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would not produce a relative five octave
scale. The first step is to overcome the
rhysical deficiency and to find a playable
starting point.
White: Yes. Of course, the student would not play
in this natural overbite position.
ce Have you had a student with severe cverbite
develop good high range in playing? Good
altissime? Good low range?
Haynie: I caﬁnot recall a good altissimo with severe
overbite,
Sexton: Good high range and good low range.
Stevens: No. He cannot continue belng my student
since I will not tolerate that playing forma=-
tion. The physical deficiency nust be overconme.
White: Yes, all three, Same as above.
de Have you had a student with severe overbite
develop power in playing? In what range?
Haynie: Yes, up to G, Not altissimo.
Sexton: No.
Stevens: Sane ag c.
White: Yes. All ranges. Same as above.
¢. Can you establish a relationship in playing with
an overbite as regarding tone quality, range,

flexibility, tonguing (single, double, triple)?
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Haynie: ©HNormally, the person with extreme overbite
has more problems,

Sexton: Probably the following: only medium tone
quality, poor to medium range, medium flexibil-
ity, medium tonguing, '

Stevens: Yes. The tone quality, range, and flexi-
bility will depend on the degree the player
recedes from kis original starting point. Re=
garding tonguing under these conditions, the
player must, out of necessity, tongue to the
top teeth or gum line or possibly higher to
effectively block the air column. The law is
that under any circumstances the player must
tongue to the most forward point, in this inw
stance, the top of the upper jaw. In double
and triple tonguing, the striking point of the
K attack will adjust itself. The distance be-
tween T and K may vary if the jaw motion is
extreme.

White: I would not allow a student to play in his
natural jaw position in the case of an extreme
overbite (more than 1/L inch). However,
vushing the Jaw forward an extreme amount does
appear to have a detrimental effect on tonguing.
In such a case, & gtudent would have to undergo

orthodontal work or a compromise would have to
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be reached. The exact compromise would also

be strongly influenced by other factors, e.ge.
the slant of the front teeth, to be discussed
later,

f« Consider any of the above as applied to underw

bite.

Haynie: If extreme, problems will exist. I find
that such persons play with the mouthpiece
lower on the upper lip, and tend toward more
shrill, strident tone, The higher the player
places the mouthpiece, the more mellow the
tone,

Sexton: Moderate underbite is no handicap in any
respect. Many power players have it.

Stevens: A slight underbite is not a deficiency,
I have never seen a person with a severe under-
bite. A person with a slight underbite is a
"ready-made customer,"  However, the angle of
the horn must conform to the jaw position.

White: I have never had a student with a severe
underbites A mild underbite is not a problem
in trumpet playing.

Slant of the upper teeth.

&, Have you had a student whose upper teeth slant

outward? If s0, describe any advantages or

dlisadvantages noted,
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Haynie: I have had such students. The outward
slant encourages playing low on the upper lip
and a backward pivot on high notes., There is
no advantage,

Sexton: Yes, Nothing but problems as fo control
and respohse.

Stevens: There is a disadvantage., To overcome this
we introduce the bottom teeth edges to match
the most forward point of the top teeth edges
if possible,

White: This teeth formation can cause serious
problems, depending on the severity of the
outward slant and whether or not i{ is in con-
Junction with a severe distoclusion (horizontal
overbite}, If the upper front teeth slant out=
ward, and 1f the player does not bring the Jaw
forward to a position at least even with the
upper teeth edges, the mouthpiece will be
resting partially upon the biting edge 0f the
upper incisors, which is a poor resting place
indeed, On the other hand, there is a physie=
cal limit to the extent the jaw can be extended,
and an even greater limitation before tongue
action appears to be adversely affected. If
the jaw is only partially extended, the player

will have a strong tendency to push the upper
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1ip out of aligonment, since the mouthpiece is
at an angle more acute than ninety degrees,
This player will tend to simply ride up the
slope of the upper teeth. Unless orthodontic
work can be accomplished, the only solution is
an intelligent comﬁromise.

be Have you had a student whose upper teeth slant

inward? If so, what advantages or disadvantages
do you assoclate with this condition?

Haynie: I have had such studenis., The mouthpiece
is then supported in position by the lips, and
tends fto slide downward,

Sexton: Same as above., Nothing but problems.

Stevens: I still align the teeth edges to a parallel
bite. The purpose is to keep the bottom 1ip
facing as close as possible to the top lip
reed (vibrating area),

White: Yes, No disadvantages. I have never had
& student with what I would call a severe in-
ward slant of the upper front teeth,

The point should be made here that the
outward appearance of the angle of the trumpet
vis-a~vis the position of the jaw is deceiving
because of the variation in teeth slant from
person to person. The trumpet will be held

perfectly horizontally only if the slope of the
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front teeth is exactly vertical. If, for
example, the front incisors slant inward, the
trumpet will point downward even though the

Jaw has been brought forward to align the teeth
vertically, The angle of the mouthpiece to the
teeth is still ninety degrees and is correct.

ce What do you consider tc be the ideal formation

of the upper teeth as related to trumpet playing?

Haynie: A wedge shape formed by the upper incisor
teeth, Flat front teeth (uppér) encourage
playing to one side for an anchor place to
prevent the mouthpiece slipping.

Sexton: Vertical, not too long, not spaced, flat in
front, which is rather rare.

Stevens: Teeth that match each other in structure
and have no unusual high spots; even in length;
vertical.,

White: The most ideal formation of the upper front
teeth is for the two central incisors to be
reasonably straight or to form a slight wedge,
and vertically slant straight downward or
slightly inward., Any formation that accome
plished the same benefits as the "wedge" is
advantageous, i.e., any formation that creates
the primery pressure point on the upper lip at

the top center of the mouthpiece, while the
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sides of the mouthpiece (in the area of the
biting surface of the upper teeth) rest on the
lip somewhat more lightly. Bringing the jaw
forward the correct amount also accomplishes
this benefit, The opposite of this condition,
ilees, with the mouthpiece "pinning down" the
upper lip on the sides (in the area of the
biting surface of the upper teeth) tends to
isolate the "reed" (the vibrating portion of
7the upper lip) from muscular contraction at
the corners of the mouth and in the cheeks,
etcs, as described in sections C, 1, 2, and
3 above.

He Moveﬁent of the jaw vertically and horizontally,

2. How much opening should there be between the
upper and lower teeth for performance on trumpet
in the various registers? Why?

‘Haynie: Anmong the subjects X-Rayed by Dr. Finlay,
the most opening showed in my own case. |
Herbert L. Clark recommended an opening the
silze of & nickel on end. Mine did not show
that much. There is less opening for the high
reglster than for the low.

Sexton: Tiny opening in upper range, larger in lower

range, for control, endurance, quality,
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Stevens: Approximately 1/4 inch for all brass ine
struments irrespective of the mouthpiece,
However, whatever the starting point in feeth
aperture, total jaw motion must be limited to
one=-half the distance of the original aperture.
Example: 1/4L inch aperture, 1/8 inch motion.
The law: Jaw motion should not exceed twenty-
five per cent of the original teeth aperture
upward from the starting point, nor twenty-five
ver cent descendings. Example: 1/4 inch aper~
ture, 1/16th inch up, original starting point,
1/16th inch lowering, total movement 1/8 inch,
equivalent to one~half the original feeth aper-
ture, This enables a player to play any pitch
at any dynamic level throughout a four~to-five
octave range. The combination is increasedm
decreased air and increased~decreased teeth
opening.

White: The opening beiween the upper and lower
teeth should average approximately 1/4 inch.
This size will increase for playing low and/or
loud, and decrease for playing high and/or
soft, With an opening considerably more than
/4 inch, it becomes increasingly difficult
to muscularly hold the embouchure formation

and to keep the lips closed. (Research by
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Martin, Henderson, Weast, and Leno has revealed
that the lips must touch to vibrate.) When

the teeth aperture 1ls considerably less than
1/4 inch, it becomes increasingly difficult,

if not impossible to maintain lip alignment

to the teeth aperture. The size of the teeth
aperture divided by two is the amount of each
lip that must be kept exposed to the air
stream.

be What is the horizontal position of the lower

Jaw in relation to the upper in playing trumpet
in various ranges?

Heynie: Lower jaw projects forward for low regis-
ter, gradually returning tc the more natural
position of the overbite when ascending,

Sexton: (No comment.)

Stevens: There i1s no horizontal motion while play-
ing except for a slight motion that might be
nscessary 1ln lowering or raising pitch.

White: The jaw should be positioned s0 as to keep
the upper and lower front teeth aligned ver-
tically at all times, with a minimum of jaw
movement permitted in changing registers. It
doeg appear to assist in playing the high and
altissimo registers to move the jaw either for-

ward or vack very slightly, so as to direct the
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alr stream either up or down. I beliéve it is
much more advantageous to move the jaw forward
slightly., This encourages the player to put
slightly more mouthpiece pressure on the bot-
tom rather than the top lip, which is desir-
able, and it appears to encourage muscular
activity in the triangularis, risorius and
platysme muscles, and makes it easier to béing
the lips forcefully together fo produce the
extremely high tones. On the other hang, re-
ceding the jaw slightly encourages the player
to put more mouthpiece pressure on the top lip
which is undesirable, and appears *o discourage
muscle activity in the triangularis, risorius,
and platysma, making it more difficult +o

bring the lips together. Also, receding the
Jaw for the extreme high register just when the
ailr pressure and mouthpiece pressure are great=-
est, makes it more difficult to resist the
tendency to push the upper lip out of alignment,
This does not appear to be the case with the
lower lip when the jaw is extended, possibly
because the lower lip is provided with a rather
strong muscle to elevate it (the mentalis)
while the upper lip ie not provided with a

similar muscle to assist in bearing downward,
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Whatever the reason, the lower lip is obviocusly
stronger and more mobile than the upper.

The amount of horizontal Jaw motion in
elither case is extremely slight and should not
be consirued to represent a "pivot" system for
changing registers. I would not consider any
horizontal jaw motion as basic 40 embouchure
technique.,

Movement of tﬁe red of the upper lip inward or

cutward,

a&e Should the red portion of the upper 1lip be
turned outward with the air stream in any
register?

Haynie: The lips should be allowed to turn outward

in the low reglster, turned inward for the high.

Sexton: Extreme low, yes.

Stevens: 1o,

White: No.

be Should the red portion of the upper lip be
turned inward toward the air stream in any
register? |

Haynie: lNo. Try to maintain visibly some red of the

lower lip'all.the way to the top.

Sexton: From middle to top, inward.
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tevens: Yes, for all registers. Sensitivity is
achieved by muscularly matching the air column,
be it fast or slow.

White: Yes, very slightly in all registers. There
should be the sensation of the upper lip
turning inward slightly more when ascending
in register.

Hovement of the red of the lower lip inward or

outward,

2« As a preface to the following, do you agree that

the lower lip is not important as vibrator, but

rather works to regulate the size of the lip
aperture? If not, what is the function of the
lower 1ip?

Haynie: Yes.

Saxton: Yes,

otevens: Yes,

White: Yes.

be Should the red of the lower lip turn outward in
any 0f the various registers?

Haynie: Yes, in the low.

Sexton: It will turn outward in lower range.

Stevens: Only relative to the reduction of tension.
In any event, the surface of the lower red will
be firmer than the upper red,

White: No.
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ce Should the red of the lower lip turn inward in

any of the various registers?

Haynie: Yes, to a slight degree.in the upper
registers.

Sexton: Yes, I try to turn it inward, in middle
and top.

Stevens: It can turn inward if playing low softly
and 1f playing high loudly. Because the lip
is a circular muscle, a player cannot isolate
tension in one lip (two independent tensions).
If the bottom lip turns inward, the top also
will turn inward equally, relative %to the
effort and the force behind the air columu,
The lip inversion will be relative to the
register and force of the air column necessary
to sustain the embouchure musculature. (Rew
member, an intent has been declared in the mind
to resist the air column., Therefore, tension
will be governed by the air column and its
foree.)

White: TYes, very slightly in all registers.

Amount of lip in the mouthpiece for various

registers.

2, Is the amount of lip in the mouthpiece the sane ,

less, or more proceeding from the low register

upward? Why?
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Haynie: More lip is in the mouthpiece for the upper
registers, the lip turned inward. This is how
the lip contraction manifests itself.,

Sexton: My opinion is that it is extremely diffim
cult to change the amount as you play, but that
it is changed during a breath inhalation or a
short rest,

Stevens: If we articulate the jaw motion as pre=-
viously described, the higher one plays, the
less lip proportionately (two lips) will be
exposed to air, The big féctor is not how
much lip is in the mouthpiece, but rather, how
much lip is exposed to air relative to the
changing tensions and teeth aperture. As far
as the outer grip is concernsd, the same amount
of lip stays in the mouthpiece.

White: The amount of 1lip in the mouthpiece should
not change in playing in any register. It is
possible to allow either or both lips to slide
out of the mouthpiece while playing, eege,
when descending in register; but it is not
possible to slide more lip into the mouth-
piece while playing (or to M"return" Llip to the
mouthpiece which was allowed to slide out),.
Allowing either lip to slide out of the mouthe

pilece while playing should be rigorously avoided.
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b. If the amount changes, how is this change ac-
complished while slurring upward?

Haynle: DBy contraction of the lips, tightening the

COrners.

Sexton: It probably is not.

Stevens: The amount exposed to ailr proportionately
changes as we increase the force of the air
column and relatively articulate the jaw up-
ward. At no time in any area does the player
permit the bottom teeth edges to be parallel to
the bottom lip. 7To be consistent there is a
law of constancy: the bottom lip must al all
times overlap the bottom teeth edges relative
fo the fixed ceorners (not enough to go into
the mouth since both lips occupy equal space
between the teeth edges).

White: UHNo change.

Ce Is the amount of lip in the mouthpiece in the
pedal register more or less than the other
registers?

Haynie: There is less 1lip in the mouthpiece. The

lips are more relaxed and the red turns outward.

Sexton: Less, because, in my opinion, the opening
is wider,

Stevens: Pedal tones destroy the actual image of

your playing formation, Practicing pedal
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tones, the player sacrifices his outer grip of
the mouthplece., In the case of larger mouthe
Pleces such as trombone, pedal tones are a re=-
quirement of overall playing and, therefore,
permissible. The inner red would be unrolled
to introduce the softer mwucosa which vibrates
wilder and slower,

White: The same. There would be no useful purpose
in practicing the pedal register on the trumpet
using anything other than the normal setting.

What is the importance of 1lip surface tension to

range and timbre? How is surface tensicn regulated?

Haynie: The tension 1s regulated by izometric cone
traction in the embouchure. The lips must sup-
port the mouthpiece and change the air to
vibration.

Sexton: I am not sure what lip-surface tension is,

Stevens: The lip must vibrate rim to rim. Tiwmbre
will be determined by the amount of top lip exX«-
posed to air and sealed by bottom lip facing,
Varying tensions in the surface area of the top
1ip will change the timbre if the player in-
creases the arm pressure (mouthpiece pressure)
on the top lip as he proportionately reduces the
compression in direct ratio to the increase in

arm pressure while sustaining any given note or
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tone. In referring to change of timbre as a
result of increased mouthpiece weight on the
top lip, it has been my experience that the
player automatically and subconsciously re=-
duces the compression as the arm pressure
increases, The issue specifically relates to
the fact that in certain registers the sub=-
conscious mind, acting as the governing agent
for the overall playing, realizes that air
displacement will not be possible in a clog-
ing lip aperture, since the former compression
will not be able to displace itself, and will
automatically compute and reduce the force in
relationship to the resistance or back up of
the air column at the lip aperture. To do
otherwise would collapse the embouchure muge-
culature since no one is capable of resisting
his maximum ability to produce compressicn of
the powerful breating muscles governed by the
contracting rib cage, upper and lower abdominal
wall, into a sealed or blocked lip aperture.
To properly allow for air displacement at a
fixed compression, the playing weight of the
mouthpiece should favor the bottom lip by a
little more than one-half the overall playing

weight. This permite the player to have a
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fixed tension, steady, free-~flowing air
column, and a matching muscular resistance
permitting an equal ratio of air displacement
to the vibrations, Surface tension may then
be regulated and changed by varying the force
of the air column and proportionately varying
muscular resistance,

White: The importance of lip surface tension to
range 1s obviously that more surface tension
is needed to play higher, and less to play
lower., I would not want to speculate about the
intricacies of lip surface tension and timbre.
Surface tension is regulated by the relatione
ship and interaction of air pressure, air flow,
relative facial muscle activity, jaw position,
teeth aperture, tongue position, mouthpiece
placement, and mouthpiece pressure=-~hopefully,

only reascnable amounts of the latter.
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