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The study's purpose was to describe selected laryngeal 

activity of brass-wind players during the performance of 

selected musical exercises. Research problems included the 

observation and description of three internal areas of 

activity of ten trumpeters as they performed each exercise. 

Specific areas of observation were 1) movement of the 

epiglottis during the performance of each exercise, 2) 

movement of the vocal folds/arytenoid cartilage which 

includes changes in the size of the glottis during the 

performance of each prescribed exercise, and 3) movement of 

the thyroid cartilage during the performance of each 

prescribed exercise. 

Musical exercises performed by each of the subjects 

included a sound volume change, use of vibrato, single-

tonguing, step-wise descending and ascending slurs, 

descending and ascending lip slurs, register change, and a 

descending chromatic scale. In addition, each subject 

performed an excerpt from the second movement of the Haydn 

Trumpet Concerto. Data were collected through direct 



observation of subject performances and then described using 

three different means. 

Data analyses revealed a prominent amount of highly 

individual, non-patterned laryngeal activity which played 

an integral role in the performance of each subject. 

Individuals including Law (1960), Cramer (1955), Jacobs 

(Stewart, 1987), and Noble (1964) have advocated an 

unrestricted airway during brass performance. Contrary to 

this advice, findings in the present study indicate that a 

great deal of varying, involuntary restriction is present in 

the laryngeal area during performance. Further, such 

» a ^ 

activity appears necessary to brass performance. 

Others, including Farkas (1962), Schuller (1962), and 

Wick (1971) , have endorsed conscious use of the glottis 

during brass performance. While findings in the present 

study imply that there is a presence of voluntary or 

reflexive glottal activity during brass performance, 

evidence does not support any theory which suggests 

conscious use of the laryngeal mechanism. 
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CHAPTER 1 

RATIONALE AND PURPOSE OF THE STUDY 

Past efforts by performers and teachers of the trumpet 

to acquire an improved understanding of the internal 

physical activity related to brass wind instrument 

performance have focused on external observations, and 

opinion regarding related internal activity has relied on 

those observations. As a result, a great deal of advice has 

been printed in method books, journals, and books of 

instruction regarding proper methods of performing on brass 

wind instruments. 

However, close inspection of teaching materials reveals 

that no factual information based on scientific, controlled 

observation exists which supports the diverse claims and 

opinions offered by those writers. Additionally, pedagogues 

have used terms in a loose, ambiguous manner when discussing 

internal laryngeal adjustments necessary for correct 

performance on a brass instrument. Thus, as a review of 

earlier materials and studies will demonstrate, little of 

value, and nothing based on objective data, has been 

proposed regarding the role of laryngeal activity in brass 

performance. 



In the late 1950's, teachers attempted to give specific 

information to brass students about controlling the 

airstream. Cramer warned against the use of the glottis as 

a means of holding back air (September, 1955, p. 22). 

Referring to the glottis as a "flapper" valve, he stated 

that releasing the air with the glottis would rarely produce 

a satisfactory tone. Cramer was unable to offer a 

description of glottal activity because he lacked means for 

observing such activity, and he offered no suggestions 

relative to the proper role of the glottis during brass 

performance. 

Weast (I960, p. 56) stated that players choke off as 

much as 50% of their efforts with a constricted throat; 

however, he does not clarify what he means by "a constricted 

throat" nor amplify the meaning of "5 0% effort". Referring 

to "throat arch" as a means of aiding brass players in the 

performance of the upper register, Zorn (1975, p. 3) 

discusses tongue placement rather than the throat. 

Frequently, students have been told to avoid a "tight" or 

"closed" throat when playing a brass instrument; however, no 

description of or reference to a specific internal structure 

accompanies such advice (Law, 1960; Snapp, 1954). 

One of the most quoted brass performers is Philip 

Farkas (1962). He has offered a detailed explanation of the 

conscious use of the glottis to control volume levels of 

sound produced by brass players. He contends that the use 



of the abdominal and intercostal muscles to control sound 

volume levels causes uneven results in the quality of sound 

produced at low sound volume levels. Farkas believes high 

volume levels of sound are easier to produce on a brass 

instrument due to an instinctive control that brass players 

possess when exhaling large amounts of forced air. He 

argues that "the proper use of the glottis is natural and 

effective and is quite likely being used by most successful 

brass players, either consciously or unconsciously." 

Farkas, however, does not elaborate on what is meant by 

"natural" use of the glottis. He further states that even 

when brass players play at different sound volume levels, it 

is desirable to use the same amount of breath support. 

Farkas believes that a smaller amount of air is 

required for lower volume levels; therefore, constricting 

the air flow by using the glottis as a valve enables the 

player to perform more effectively at low sound levels. 

This valve provides the correct amount of air and breath 

support necessary for all sound volume levels. For 

instance, a firm use of breath support combined with the 

conscious (or unconscious) use of the glottis as a valve 

would provide an evenly-played "pianissimo." While Farkas 

must be universally regarded as a respected performer and 

teacher, his statements about the role of the glottis as a 

regulating valve to the airstream are necessarily 



speculative, since he does not support these descriptions 

with empirical evidence. 

At the same time Farkas advanced his theory regarding 

glottal activity, Gunther Schuller (1962) wrote that the 

larynx "is used in horn playing almost to the degree that it 

is used in singing" (p. 29). Schuller stated that the 

larynx could be used by the performer to control the air 

flow during the performance of loud and soft sound volumes. 

He says that "in playing a loud sustained note the larynx 

must be wide open; on a very soft sustained note it must 

close sufficiently. . . to slow down the flow of air to the 

proper volume" (p. 29). Additionally, he believes that the 

glottis can and should be used as a valve for ending sound 

production. As with Farkas, Schuller based his concepts 

regarding the role of the glottis during brass performance 

on intuition rather than evidence. 

An additional view of laryngeal activity associated with 

performance on a brass-wind instrument is found in a 

statement by noted instructor Irving Bush (1962), who states 

that "the throat must be relaxed during inhalation, 

especially the area of the larynx or voice box" (p. 15). 

Such advice may well convey to the student a positive 

approach needed for a successful performance; however, it is 

important to note that Bush does not provide any scientific 

basis for such a statement. Also, he uses the term "throat" 



in a manner which would suggest that activity of the throat 

includes laryngeal activity. 

Clyde Noble (1964) describes the role of the glottis 

differently than both Farkas and Schuller. Agreeing with 

Cramer, Noble advises the performer to maintain relaxed 

throat muscles and to avoid any tendency to contract the 

glottis or the soft palate. He suggested that any 

constriction in the vocal fold area would interfere with 

proper breath control. Noble implies a knowledge of all of 

these areas, yet does not conclude the discussion with any 

objective description of internal activity relative to brass 

performance. 

In 1966, Cramer stated that "The windpipe is a means 

for conveying the air from the lungs to the lips. The 

passage must not be unnecessarily constricted by the vocal 

cords, glottis, uvula, tongue, teeth, or lips" (p. 47). 

Cramer specifically referred to two laryngeal structures, 

the glottis and the vocal cords, but he did not describe how 

laryngeal activity might contribute to or restrict 

performance on a brass instrument. 

Wick (1971) stated that "With the glottis just opened, 

a really well-controlled "pp" can be produced effortlessly; 

fully open, the loudest short "ff" chord" (p. 32). Like 

Schuller, he also suggests that a player should simply close 

the glottis in order to end sound production. But as with 

earlier pedagogues, he could not offer detailed descriptive 



6 

evidence to support his advice regarding the role of the 

glottis in brass playing. 

Others, including Sherman (1979, p. 21) and Young 

(1977, p. 15), have described an "open throat" as necessary 

for successful trumpet performance. Young includes a brief 

discussion suggesting a relationship between the role of the 

larynx in singing and the role of the throat in brass 

performance. Both Sherman and Young offer concepts which 

may provide a productive teaching environment? however, no 

supportive factual evidence is offered as a result of direct 

observation of the throat. In addition, their discussions 

do not define the precise area of activity in the throat. 

Pedagogic concerns relative to laryngeal activity of 

trumpeters can be found in comments made by Keith Johnson 

(1981) regarding vibrato production: 

One final kind of vibrato that must be mentioned 
briefly is throat vibrato. This is rarely used on 
trumpet, and I have heard it discussed only on a few 
occasions. It involves regulating the air flow by 
alternately opening and closing (partially) the 
passageway in the throat (possibly the glottis) 

(p. 86) . 

Johnson is discussing vibrato rather than laryngeal 

activity, but his statement does allude to glottal activity. 

A recent opinion regarding the role of the vocal cords 

during trumpet performance is Walt Johnson's (1981), who 

advises "You don't need your vocal chords [sic] when you are 

playing, so don't use syllables to shape your throat" (p.10). 



This statement confuses rather than clarifies any concept 

regarding proper use of the vocal cords. Johnson uses the 

terra "throat" interchangeably with "vocal cords," thus 

implying that these two terms refer to the same internal 

structures. Further, Johnson does not explain what is meant 

by shaping the throat. 

In a discussion about breathing and its application to 

trumpet playing, Dale (1985, p. 35) advanced the opinion 

that control of the airstream involves control of the tongue 

and larynx. Though he believes that the larynx can 

influence the size of the airstream, he offers no support 

for his belief. 

Arnold Jacobs has stated that closure of internal 

mechanisms which may have an adverse affect on the free flow 

of air can involve the coming together of the epiglottis and 

the larynx (Stewart, 1987, p. 114). Though Jacobs seems to 

be warning against obstruction to the airstream, there is no 

factual evidence offered to support his statement regarding 

the role of the larynx in brass performance. There is no 

question regarding Jacobs' great success as a teacher; 

however, facts regarding laryngeal activity of brass players 

would confirm or disprove his belief concerning such 

activity. 

To summarize, the majority of those questions regarding 

the laryngeal activity of brass wind performers during 

performance are contradictory and vague, and most advice 
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from a teacher to student has been based on subjective 

opinion rather than objective evidence. In several cases 

already mentioned, laryngeal activity may have been casually 

mentioned during discussions centering on a wide range of 

performance advice. To confuse the matter even more, those 

who state an opinion regarding performance-related laryngeal 

activity disagree with each other about the activity that 

does and should occur in the larynx of performing brass 

players. 

Investigation of detailed laryngeal activity associated 

with trumpet performance is therefore warrcinted because of 

the limited knowledge and confusion on the topic, and 

because of the the recent availability of a technically 

advanced viewing apparatus, the flexible fiberoptic 

laryngoscope, now makes such investigation possible. The 

need for additional study of the laryngeal activity of 

performing wind instrument players and the existence of 

fiberoptics as a means of viewing such activity are directly 

related. Pedagogues have drawn conclusions based on 

external observations about the activity of laryngeal 

structures and have made vague implications regarding the 

role of laryngeal structures in brass performance. With the 

aid of the fiberoptic laryngoscope, these structures are now 

visible and objective data can be obtained. 

The present study will gather new data to support or 

disprove conclusions formed by pedagogues regarding the 



laryngeal activity of performing trumpeters and provide 

additional descriptive information related to that activity. 

A review of related research will reveal investigative 

trends and technical advances which have led to the 

availability of such a viewing apparatus. 

Purpose of the Study 

The purpose of this study is to describe selected 

laryngeal activity of brass-wind players during the 

performance of selected musical exercises. 

Problems of the Study 

Problems of the Study include the observation and 

description of three internal areas of activity of selected 

trumpeters as they perform musical exercises. Specific 

areas of observation are: 

(1) movement of the epiglottis during the performance of 
each exercise; 

(2) movement of the vocal folds/arytenoid cartilage 
which include changes in the size of the glottis during 
the performance of each prescribed exercise; 

(3) movement of the thyroid cartilage during the performance 
of each prescribed exercise. 

Delimitations 

The internal adjustments to be investigated will be 

limited to laryngeal activity relative to trumpet 
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performance only and will exclude the following: 

1. Investigation of pulmonary activity. 

2. Evaluation of the character of sound produced by 
each subject. 

3. Investigation of any accompanying neuromuscular 
activity associated with trumpet performance. 

Definition of Terms 

Arytenoid shaped like a pitcher; one of a pair of 

cartilages mounted on the cricoid cartilage and to which 

the vocal ligament attaches at the vocal process. The 

movement of the arytenoids relate to the opening and closing 

of the vocal folds. 

Epiglottis a lid-like cartilage, shaped like a bicycle 

seat, covering the entrance to the laryngeal cavity. 

F l e x—term used to describe an activity exhibited by 

laryngeal structures. Refers to a sudden non-stop movement 

of a laryngeal structure away from a position, followed by 

an immediate return to that position. 

Glottis—the area between the open vocal folds. 

Hyoid—the U-shaped bone located below the tongue. 

Larynx the cartilaginous and muscular structure at the top 

of the trachea and below the tongue roots and hyoid bone 

containing the vocal folds. 

Pharynx a musculo—membranous, pouch—like structure 

extending from the base of the skull to the level of the 

sixth vertebrae; it opens into the mouth, posterior nares, 
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eustachian tubes, esophagus, and trachea. It consists of 

three main divisions: laryngopharynx, oropharynx, and the 

nasopharynx. 

s h i f t — t e r m us«d to describe an activity exhibited by a 

laryngeal structure. Refers to any movement of a laryngeal 

structure which is manifested by a movement from one 

position to another. Associated with the activity of the 

thyroid cartilage, the structure remains in the second 

position for the duration of the exercise. 

Thyroid the shield-shaped cartilage of the larynx. 

Trachea the windpipe; a cartilaginous and membranous tube 

connecting the larynx and bronchi. 

Videofluorography—similar in nature to cinefluorography 

except except that videofluorography uses a video or movie 

camera instead of a 16 mm camera. The type of camera used 

in this instance collects greater amounts of light, which 

lessens the amount of radiation necessary for image-

gathering and also allows the subject more time under 

exposure. 
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CHAPTER II 

RELATED RESEARCH 

Researchers made efforts to observe moving internal 

structures of subjects beginning in the 1850's. In 1854, a 

Spanish singing teacher, Manuel Garcia, discovered the 

principle behind the laryngoscope while viewing his vocal 

cords with a dental mirror. Using a hand mirror, Garcia 

reportedly reflected light onto a dental mirror placed 

against his uvula in order to view the glottis (Stock, 

1984) . 

In 1855, the surgeon John Avery was observing the 

larynx using an apparatus similiar to the modern 

laryngoscope consisting of "a large circular reflector 

perforated in the center and attached to a frontal pad which 

attached to the operator's head by springs from a counter 

pad. His mirror was placed at the end of a speculum and his 

light source was a wax candle" (Stock, 529/95). Both Garcia 

and Avery were using two mirrors, one for directing light to 

the throat and one for receiving and directing light to the 

larynx. Since the image of the larynx was reflected at an 

angle, the technique is referred to as indirect 

laryngoscopy. The reflector mentioned earlier was typically 

a circular piece of highly polished metal which allowed the 

14 
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physician to reflect light into the patient's oral cavity 

where it was then directed to the larynx with the dental 

mirror. 

Due to the physical relationship between the mouth and 

the larynx, Garcia's indirect laryngoscopy was thought to 

have been the only means of observing the larynx until, in 

1895, Alfred Kirstein observed the larynx using a scope 

intended for viewing the esophagus (Hirsch, N.P., Smith, 

G.B. & Hirsch, P.O., 1986). Having accidentally slipped 

into the trachea, the scope revealed the vocal cords. 

Kirstein then began work designing the first direct 

laryngoscope. Direct laryngoscopy eliminated the need to 

reflect the image of the larynx and allowed the physician to 

view the larynx in a straight-line fashion. The patient was 

required to extend the head and neck in order to allow for 

the area in the throat to form a straight-line pathway for 

the scope. After devising an electric hand lamp which 

provided an improved light source, coupled with the new 

laryngoscope, Kirstein named his invention "the autoscope." 

Forty years after Garcia's discovery, scientists in the 

field of radiology were active in developing roentgen 

cinematography as a means of observing subjects internally. 

Macintyre is credited with being the first researcher to 

demonstrate roentgen cinematography in 1897 when he was 

experimenting with two methods of exposure in an attempt to 

view internal organs (Jarre, 1933) . The term combines 
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"cinematography" or motion pictures with "roentgen," having 

to do with radiology or x-rays. The first method, direct 

cinematography, exposed the camera film directly to the x-

rays emitted, while the second method, indirect 

cinematography, used a camera to photograph images on a 

fluorescent screen. Since the late 1800's, both 

cinematography and radiology have risen in importance with 

radiology becoming an indispensable branch of the medical 

sciences; however, roentgen cinematography has lagged behind 

other applications of radiology because of the technical 

difficulties associated with x-rays (Jarre, 1933, p. 200). 

Technical advances in radiology which would eventually 

allow for the observation of moving internal structures of 

wind instrument players began in the early part of the 

twentieth century when Janker and Gottheiner contributed to 

the improvement of roentgen cinematography. Gottheiner used 

fluorescent screens which were reportedly 75 per cent more 

efficient than those used at the time, film which was six 

times more sensitive than ordinary film, and a specially 

designed camera with extremely wide apertures (Jarre, 1933, 

p. 204). Gottheiner's work was considered extensive when 

published in the 1920's, and it received wide publicity. 

Coextensive with the progress made in roentgen 

cinematography during the early part of the twentieth 

century, the improvement of laryngoscopy continued between 

the years 1902 and 1941. Several physicians including Von 
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Hecker, Killian, Jackson, Flagg, Miller and others, 

contributed to the evolution of the direct laryngoscope by 

developing their version of the scope. Von Hecker, in 1902, 

used a rigid tube in the trachea. Gustav Killian of Mainz, 

in 1908, did some of the first suspension of laryngoscopy. 

Jackson of Philadelphia, who did his work in 1910, perfected 

the first tube laryngoscope with its own light. Flagg of 

New York developed his scope with its own batteries and 

light. Macintosh of Oxford, England, developed his own 

laryngoscope about 1931. in America, the anesthesiologists 

who popularized the use of the laryngoscopes were Flagg, 

Guedel, Waters and Lundy. Most present day laryngoscopes 

are modifications of scopes developed by Jackson and Flagg 

(Miller, 1972). By the late 1930's and early 1940's, 

several investigators began extensive research relative to 

the study of the physiology of the human voice (Heaton & 

Hargens, 1968). Certainly by 1940, it was possible to 

photograph images viewed with indirect and direct 

laryngoscopes, and to film images resulting from 

cinefluorographic procedures. 

In 1941, Miller designed a laryngoscope consisting of a 

light source at the end of a curved blade which had a curved 

tip. The scope (direct laryngoscopy) was designed with 

smaller dimensions than the ones used at the time so that it 

was not necessary to open the mouth as wide when the scope 
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was inserted. In 1954, Miller attempted to make 

laryngoscopes even smaller than the scopes designed in 1941; 

however, these scopes would still prove an impossible means 

of investigating performing wind instrumentalists. 

By the early 1950's, laryngoscopes, direct and 

indirect, as well as roentgen cinematography, otherwise 

known as cinefluorography, were firmly established as means 

of observing moving internal structures of patients and 

subjects of investigative experiments. Also, as early as 

1957, investigative research was being conducted regarding 

the study of the amount of neuromuscular activity associated 

with the larynx. Electromyography was developed as a means 

of measuring electrical activity which controls the action 

of laryngeal muscles (Heaton et al, p. 13-14). Additional 

work began using an oscillograph to measure the vibration of 

vocal cords. All investigative equipment related to 

laryngopharyngeal activity of subjects in and out of music 

was developed by 1950; however, researchers in the field of 

music began developing a trend of investigation exploiting 

fluorography as a chief means of observation. 

At the time, laryngoscopes could not be considered as 

practical aids to the internal observation of wind 

instrument performers because both types of scopes, direct 

and indirect, required that an apparatus be inserted into 

the oral cavity. During indirect laryngscopy, a mirror was 
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typically placed in the oral cavity, making it impossible 

for the performer to produce a sound on any wind instrument. 

With direct laryngoscopy, the scope was inserted in the 

pharynx while the patient, anesthesized, was required to 

extend the head in a posterior direction allowing for the 

insertion of the scope. 

With laryngology eliminated as a prospective means of 

observing wind instrument performers, researchers in the 

field of music began observing the laryngopharyngeal area of 

performers on wind instruments during performance with the 

aid of radiology. Hall (1954) observed nine male trumpeters 

in order to determine physical changes, primarily pharyngeal 

adjustments, relative to a change in register by each 

player. Hall used x—ray photographs to observe internal 

physical activity, positive—image photographs to observe 

external activity, and sound spectrum analysis to compare 

quality of sound to external and internal observations. 

Nine years later, using cinefluorography, Ralph 

Whitworth (1961) observed five tenors and five baritones 

during performances of low and high tones at the University 

of Iowa. Whitworth investigated supralaryngeal adjustments 

accompanying the production of low and high tones. While 

Whitworth is not the first individual to observe internal 

structures related to the voice, he may be the first 

researcher in the field of music to make internal 
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observations of supralaryngeal or pharyngeal structures of 

vocalists with the aid of cinefluorography. 

From 1965 through 1978, the majority of investigators 

concerned with oral cavity and laryngopharyngeal changes 

related to wind instrument performance used cinefluorography 

to observe performance-related adjustments of each subject. 

As will be shown, all studies using fluorography as a means 

of observation resemble each other. That is, 1) all 

investigators used similarly-designed equipment, 2) all 

subjects were observed from a similar viewing position, 3) a 

similar procedure was used when measuring shifting internal 

activity, and 4) all images of subjects are very similar in 

appearance. 

Using nine clarinet players, Anfinson conducted an 

investigation of the internal activity of subjects at the 

University of Iowa in 1965. With the aid of 

cinefluorography, Anfinson investigated 1) the feasibility 

of applying cinefluorography to examine certain aspects of 

clarinet playing, and 2) systematic changes of 

supralaryngeal structure in a) staccato versus legato 

tonguing at a set tempo, b) staccato tonguing at various 

rates of speed, and c) tonguing and slurring of notes in 

different registers. Each subject was asked to play an 

exercise twenty-four measures long, which included the total 

material necessary to address the research questions. 
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Using tracings made with the aid of a projector, eight 

dimensions of each subject were measured from three 

reference lines drawn on a tracing of the subject's image. 

After viewing each image, Anfinson concluded that with 

regard to staccato versus legato tonguing, the major 

difference was that the high point of the tongue, while in 

contact with and when withdrawn from the mouthpiece, was 

higher in the oral cavity for staccato than for legato 

tonguing. Also, the tongue retracted a shorter distance 

during staccato tonguing. The basic action of the tongue 

was the same in both cases. The tongue high point remained 

at about the same height during slow and fast tonguing, but 

it was farther forward in the oral cavity during fast 

tonguing. Less movement of the whole tongue was exhibited 

for the fastest rate of speed as compared with the slowest 

rate of speed. 

As for tonguing and slurring of notes in different 

registers, the adjustment of the tongue for the low register 

was slight or non-existent, but noticeable adjustments began 

as players ascended to the upper register. Anfinson 

observed that adjustments began with the playing of the 

notes b' flat or d'' and continued as the pitch ascended to 

the highest tone f'1'. The tongue high point became lower 

and farther forward in the oral cavity, the throat opening 

became larger, the back of the tongue moved forward, and the 

posterior portion of the tongue tip withdrew slightly back 
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and down for the highest notes. These adjustments were 

observed for all subjects and all parts of the performance 

task involving a change of register, and started with those 

notes of the task requiring the depression of the register 

key. 

Anfinson contributed to the progress of describing 

internal movement in musical performance by attempting to 

determine whether or not cinefluorography was a practical 

investigative procedure. In his work, cinefluorography 

proved effective; the action of the tongue could be easily 

observed with this equipment. But when using 

cinefluorographic equipment to view internal activity of 

musicians while they perform, it is necessary to x-ray and 

film the performer from a position lateral to the pharynx. 

The viewing angle used by Anfinson would not be useful when 

investigating the larynx. To obtain the best possible view 

of laryngeal activity, it is necessary to observe the 

subject from a position superior to the larynx. 

William Carter (1966) measured the glottis of twelve 

brass players from the Ohio State University. Carter 

conducted an investigation of the role of the glottis in 

brass playing to determine how the glottis reacts during the 

playing of 1) a loud high note, 2) a soft high note, 3) a 

loud low note, and 4) a soft low note. Carter viewed x-ray 

photos of four players on each of three brass instruments: 
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trombone, trumpet, and French horn. By comparing two photos 

of each player, Carter arrived at the following conclusions: 

The Glottis and Dynamic Level—In the playing of brass 
instruments, the size of the glottis opening varies with 
loudness level, being small for soft playing and large 
for loud playing. 

The Glottis and Pitch—There is no practical difference 
in glottis opening from the high to the low register, 
indicating that pitch control, within the normal playing 
register, can be dismissed as a possible function of the 
variable glottis aperture. 

Differences in Glottis Use Within the Orchestral 
Brasses Trombonists use the glottis to a greater ex-
tent than do trumpet or French horn players. 

The Glottis and Resistance—The data support a theory 
describing the glottis as a semi-automatic aperture used 
to provide more resistance to aid the diaphragm and its 
related musculature in controlling the inward and upward 
contraction of the abdominal muscles upon exhalation. 

Carter concluded that data confirmed a statement by 

Philip Farkas that "the proper use of the glottis is natural 

and effective and is quite likely being used by most 

successful brass players either consciously or 

subconsciously" {p. 78). Carter, claiming a high degree of 

conscious control of his glottis through the practice of 

various glottal exercises, clearly upholds Farkas' statement 

concerning the action of the glottis. 

In the Carter study, the equipment used to observe each 

performer was limited in obtaining accurate results. The x-

ray photos are stationary and reveal internal structures at 

exclusively one point of movement, and thus cannot yield an 

accurate image of the movement of the larynx of brass 

players. The lateral position of the camera used for 
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photographing the glottis made it impossible to view the 

larynx from an angle superior to the trachea. Viewing the 

laryngeal area from a position superior to that area allows 

for an accurate anterior-posterior, left-to-right view of 

the larynx. Also, Carter observed only four performers on 

each of three different brass instruments. Conclusions 

might have been strengthened by a larger sampling of 

performers on a single brass instrument. 

Following Carter's study, Joseph Meidt (1967) made 

cinefluorographic films of ten subjects, five French horn 

performers and five trumpet players, in order to investigate 

supralaryngeal adjustments occurring during the performance 

of specific musical tasks. Performance tasks to be 

investigated included 1) slurring ascending and descending 

passages; 2) playing in the "extreme" registers; 3) 

producing a particular pitch under varying conditions of 

tempo, dynamic level, and articulation; 4) tonguing notes in 

various registers; and 5) single-, double-, and triple-

tonguing on various repeated pitches. As a result of the 

study, Meidt concluded: 

1. The most commonly employed positions for both 
instruments are similiar to vowel positions 
intermediate between an "ah" and an "oo" formation. 

2. Several patterns of supralaryngeal adjustment 
related to register change take place in playing both 
French horn and trumpet. 

3. Some French horn and trumpet players flick the 
anterior portion of the tongue forward for slurred 
notes in a manner similiar to that used for tongued 
notes. 
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4. Essentially the same supralaryngeal positions are 
used for corresponding pitches played forte and piano. 

5. The tongue tends to remain slightly higher and 
farther forward during tongued notes than it does during 
corresponding slurred notes. 

6. Points of impact for double- and triple-tonguing 
usually alternate between the upper edge of the anterior 
upper incisor and the posterior portion of the hard 
palate, with complete closure at the posterior point of 
impact being necessary to achieve a clean, distinct 
attack. 

Meidt arrived at these six conclusions through a methodical 

use of cinefluorography as a means of observing tonguing 

patterns of wind instrument performers. Measurements taken 

from traced images support findings of the study. It must 

be noted that studies by Anfinson and Meidt included the 

term "supralaryngeal," indicating that both investigators 

observed activity of internal structures superior to the 

larynx rather than the activity of the larynx itself. 

Though Anfinson observed clarinet players and Meidt observed 

brass players, both were studying the activity of the tongue 

and its role in wind instrument performance. Both studies 

support the use of cinefluorography as a means of observing 

tonguing and pharyngeal adjustments rather than laryngeal 

activity; to measure tonguing and pharyngeal activity, 

images must be filmed from a lateral position. 

Cinefluorography proved to be the most practical means of 

observation for both Anfinson and Meidt; however, no 

conclusions can be inferred regarding performance-related 

laryngeal activity in either study. 
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After the Hall study, certainly by 1967, studies of 

moving internal mechanisms of wind instrument players 

increased. Observations of wind instrument performers with 

cinefluorographic equipment had gained popularity; however, 

use of conventional laryngoscopes was for the observation of 

subjects in vocal music only. Investigations of the 

laryngeal activity of brass players with these scopes were 

impossible due to physical limitations of the equipment. 

Published findings reveal photographed images of the 

larynges of singers as seen through laryngoscopes (Appelman, 

1967). An extensive index prepared by Heaton and Hargens 

(1968) provides an overview of studies of internal 

structures of singers; the majority of these studies 

incorporate cinefluorography and laryngoscopy as a means of 

observing the larynges of singers. 

In 1968, Fay Hanson investigated the diaphragm, larynx, 

tongue and lips during the playing of various passages on 

the trumpet to determine at what point the control of 

interruption and sound production occurred. With the aid of 

cinefluorography, Hanson concluded that the larynx was the 

sole determining factor involved in stopping and starting 

tone production. Hanson stated that " . . . lips and tongue 

showed no contact between the back of the lips and the 

tongue at the time the sound was interrupted" (1968, p. 63). 

Also, she concluded that high volume levels of sound 
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increased the size of the glottis and low sound levels 

resulted in a slightly open glottis. 

Hanson's work can be credited as one of the first 

studies using cinefluorography as a means of investigating 

the laryngeal activity of performing musicians; however, 

there is a problem with the study. All laryngeal activity 

was observed with x-ray and filming equipment positioned 

lateral to the larynx. Observations made from such a 

position produce no detailed images of glottal activity 

during performance. Any accompanying movement of the 

epiglottis is thus not apparent in the pictures provided by 

Hanson. The epiglottis, an integral part of the laryngeal 

structure, plays a major role in characterizing the 

laryngeal activity of any wind instrument performer. The 

conclusion by Hanson that the glottis controls the 

production and interruption of sound is not upheld by any 

supportive logic. 

In the early 1970's, indirect laryngoscopy was improved 

when it was suggested that attaching a fiberoptic lamp to 

the laryngeal mirror would provide a cold light supply and a 

constant intensity lamp which would permit a more effective 

means of viewing the larynx (Chapey & Salzberg, 1981). 

Still, such improvement would not benefit the observation of 

internal activity relative to wind instrument performance 

because the basic design of the laryngoscope still made it 
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necessary to insert the scope into the oral cavity of the 

subject. 

Shortly after the Carter study, Keith Amstutz (1970) 

investigated brass players during performance with the aid 

of videofluorography rather than cinefluorography. 

"Videofluorography" is the use of a television camera to 

film each player rather than the 16 mm camera used in 

cinefluorography. The television camera requires less light 

to record the image on video tape than the 16mm camera, 

allowing for longer continuous examination of the subject 

without radiation accumulation. Also, the television camera 

allows for greater intensification of the image without 

additional power from the radiographic equipment. 

The purposes of Amstutz"s study were 1) to study the 

physical variation of the teeth aperture, instrument pivot, 

and tongue arch in effective trumpet performance; 2) to 

examine the predictability of these motions and their 

consistency with a change of register; and 3) to determine 

the significance of any interaction between any physical 

changes. Statistical analyses confirmed that a change in 

each of the three variables - teeth aperture, instrument 

pivot, and tongue arch - affected trumpet performance. It 

was also observed that "the subjects with minimal change for 

either teeth aperture or instrument pivot demonstrated a 

proportionally greater change in at least one of the other 

areas under consideration" (1970, p. 49). More important 
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than the critical analysis of the Arastutz study is the 

realization that the fluorographic viewing equipment he used 

was ideally suited to his task, which was to analyze changes 

in teeth aperture, instrument pivot, and tongue arch. Due 

to the positioning and nature of the viewing equipment, all 

three variables could easily be observed. Amstutz 

contributes to the rationale of the present study; i.e., 

that fluoroscopic equipment is best suited for observing 

internal activity from the left or right side of the 

subject, rather than laryngeal activity which requires a 

"top-to-bottom" viewing position. 

Two years after the Amstutz study, Prohrip (1972) 

investigated nine trombone players "to observe certain 

physiological characteristics of trombone performers during 

performance of selected exercises through a process of 

videofluoroscopy." Six of the nine subjects were 

trombonists, two professionals and four students; three 

others were performers on other brass instruments, but they 

played trombone for the investigation. One of the nine 

subjects was investigated twice to determine any change over 

the period of a week in measurement or adjustment of the 

three locations examined. Total playing time was one minute 

per subject to insure that radiation levels would be 

minimal. Three locations were measured: 

1. the overbite or underbite of the jaw opening. 

2. the teeth opening at the point of greatest variation 
during performance. 
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3. the pharyngeal opening at the point of greatest 
activity during performance. 

Frohrip found no differences in the adjustments made in 

teeth opening and over- or underbite concerning pitch 

changes from high to low register. Observation of 

articulation tasks revealed little or no difference in 

tongue placement for legato and marcato articulation. 

Analysis of lip slurs indicated that the most common method 

of achieving this task was to restrict the size of the air 

stream with the pharyngeal opening. Frohrip concluded that 

physiological adjustments during playing were highly 

individualistic. Frohrip observed internal activity which 

could easily be viewed using fluorographic equipment; 

however, there was no emphasis placed on laryngeal activity 

of trombonists in the study. In addition, his findings 

contradicted Hall's regarding the role of the pharynx when 

performers ascend to the upper register. Hall concluded 

that the pharyngeal area increased in size as players 

ascended to the upper register; Frohrip concluded the 

opposite. He further stated that the movement of the tongue 

may or may not have an effect on the size of the pharynx. 

For Frohrip, videofluorography provided a logical means 

of observing pharyngeal activity because such activity was 

best viewed from a position lateral to the subject. In 

addition to Amstutz, Frohrip also explained that a 

television camera mounted on an image intensifier tube has 

an advantage over the 16mm camera used in cinefluorographic 
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investigations. Frohrip's study included a thorough 

comparison of equipment, citing many of the studies 

presently mentioned. 

Fluorographic investigation of moving internal 

structures of wind instrument players continued when Brown 

(1973) observed woodwind instrumentalists from the 

University of Iowa. Brown employed cinefluorography to 

demonstrate its validity to investigate the physiology of 

the throat during production of vibrato and vibratoless 

tones on flute and oboe. The six subjects included the oboe 

instructor, the flute instructor, a Master of Fine Arts 

candidate in oboe, one graduate, and two undergraduate flute 

students. Two were male and four were female. None of the 

laryngopharyngeal area was coated with barium or similar 

substance to outline the subject image, which resulted in 

poor image contrast. Brown concluded that 1) vibrato 

production in the throat can be observed with 

cinefluorographic techniques, 2) the air column is modulated 

by the vocal folds, and 3) a variation of intensity appears 

to be a result of throat vibrato. Ultimately, due to 

undeniable differences of sound production between woodwind 

instruments and trumpet, findings by Brown are not relevant 

to the source of vibrato production on brass instruments. 

In 1975, Derald DeYoung used videofluorography to 

observe the pharyngeal activity of twelve trombone players 

during the performance of selected exercises. DeYoung 
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concluded that there were no differences in the size of the 

pharynx for the change between dynamic levels, but there was 

a significant difference in the size of the pharyngeal 

opening between Bb and b ^ and between b*3 and b ^ . As the 

pitch ascended in register, the pharyngeal opening 

increased. Only in subjects two and eight did the size of 

the pharynx decrease when ascending in pitch. DeYoung 

stated that tongue arch did not cause a closing in the 

pharynx while ascending to the upper register. He stated 

that possibly the pharynx enlarged to accommodate an 

increased amount of air. This condition, coupled with 

tongue arch, would cause an increase in the air velocity 

necessary to performing in the upper register. DeYoung 

further stated that the increase in tongue arch at piano 

dynamic levels could maintain the correct air velocity 

needed for a centered pitch even though the amount of air is 

decreased. 

As for changes in dynamic levels relative to 

physiological adjustments, DeYoung concluded that these 

adjustments are highly individualistic. Observations of lip 

slurs revealed that a pattern was established by two-thirds 

of the subjects who provided for some type of restriction to 

achieve a change in pitch. Such restrictions include a 

raised jaw or tongue arch. DeYoung's conclusions reveal 

that like Hall, Anfinson, Meidt, Amstutz, and Frohrip, he 

was primarily observing pharyngeal activity rather than 
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laryngeal activity associated with wind instrument 

performance. 

Using data collected from videofluorographic 

observations of bassoonists, Weait (1977) presented material 

at the International Double Reed Society Annual Meeting in 

Evanston, Illinois, in August, 1975. Weait, attempting to 

determine the source of vibrato used by bassoonists, found 

that when sustained tones were sounded with vibrato, "the 

action of the folds was very marked. The movement was a 

rhythmical horizontal oscillation that coincided precisely 

with the audible vibrato pulse" (p. 90). 

To summarize, studies of wind instrument performers 

dating from Hall in 1954 to the present reveal an 

overwhelming acceptance of radiology as an aid in observing 

pharyngeal, rather than laryngeal activity of wind 

instrument players and how that activity affects wind 

instrument performance. Using available technology of the 

time, Hall discovered that the use of radiology would 

produce black-and-white photos of internal activity of wind 

instrument performers. In the 1960's, expanding technology 

made it possible for investigators in the field of music to 

produce fluorographic motion pictures of subjects through 

cinefluorography. It then became possible to observe 

internal structures of wind instrument performers in motion. 

Cinefluorography was then upgraded to videofluorography 

when, in the 1970's, TV cameras instead of 16 mm cameras 
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were used to film fluorographic images of subjects. Over a 

period of time, an investigative trend emerged through the 

use of radiologic equipment which underscored the 

observation of pharyngeal adjustments related to wind 

instrument performance. 

Advances in technology continued when, with the 

development of light carrying fiberoptic strands, a flexible 

fiberoptic laryngoscope was designed for examination of the 

laryngeal and/or pharyngeal area (Silberman, Wilf, & Tucker, 

1972). The method of examination involves a lens system at 

each end of a flexible tube. Light strands in the tube 

carry a high-intensity light to the lens, allowing a clear 

view of the area to be examined. The distal end of the 

scope can be manipulated by the investigator allowing for 

easy passage through the nasal cavity. Due to the design of 

the fiberoptic laryngoscope, it has become possible to 

observe the laryngeal activity of wind instrument performers 

as they play by inserting the scope through the nasal cavity 

and then positioning the scope superior to the larynx. 

Lancer and Moir (1985) used a fiberoptic laryngoscope 

to examine patients over an 18-month period with patient 

ages ranging from 10 to 90 years, and found that none of the 

patients were dissatisfied or upset in any way by the 

examinations. In another study, Lancer and Jones (1985) 

reported the results of examinations on patients using the 

fiberoptic laryngoscope. The main area of interest for 90% 
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of the patients centered on the larynx and hypopharynx. The 

fiberoptic laryngoscope proved to be an invaluable aid in 

the diagnosis and assessment of upper aerodigestive tract 

disorders. It proved very useful for examination of 

patients in whom a satisfactory evaluation was not possible 

using a conventional indirect scope. There is little 

discomfort to the patients; most prefer it to the indirect 

scope. Also, the fiberoptic laryngoscope was especially 

useful as a teaching aid to patients with functional 

laryngeal disease {Lancer, et al., p. 771-773). 

Early use of the fiberoptic laryngoscope as a means of 

observing wind instrument performers can be found in a 

report by Clardy (cited in Scott, 1987) . At a National 

Flute Association convention, Clardy presented material 

derived from the observation of two flute students who 

performed orchestral excerpts while a flexible fiberoptic 

laryngoscope was positioned through the nasopharynx and 

placed over the vocal folds. The goal of the procedure was 

to use the fiberoptic laryngoscope and monitor as a 

pedagogic tool for the correction of faulty playing habits. 

Equipment included a fiberoptic laryngoscope powered by high 

intensity light and a viewing monitor. 

Additional observations of wind instrumentalists can be 

found in an unpublished report by Charles Veazey, who 

investigated the laryngeal activity of musicians performing 

on flute, oboe, Bb clarinet and bassoon (Scott, 1987). With 
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the aid of a fiberoptic laryngoscope, he observed each of 

the musicians as they played exercises including 1) register 

comparisons, 2) dynamic control, 3) vibrato, and 4) arti-

culation. The observations were made for the purpose of 

identifying laryngopharyngeal adjustments as they related to 

each of the four exercises. 

A review of studies using fluorography as a primary 

means of observation has indicated repeatedly that 

pharyngeal activity is readily observed by this method 

because a necessary lateral view affords an anterior-

posterior as well as a superior-inferior view of internal 

structures; however, the observation and description of 

detailed laryngeal activity of wind instrument performers, 

including the movement of the vocal folds/arytenoid 

cartilage, view of thyroid shift, and movement of the 

epiglottis, have been largely neglected. 

Additionally, a review of related research clearly 

reveals that useful data gathered by investigators have been 

available to those in wind instrument pedagogy regarding 

pharyngeal adjustments (Hall, 1954; Frohrip, 1972; DeYoung, 

1975), tonguing and slurring (Anfinson, 1965; Meidt, 1967), 

physical changes in the oral cavity (Amstutz, 1970; Frohrip, 

1972), and vibrato (Brown, 1973). In gathering this data, 

researchers have extensively used radiologic equipment to 

observe these internal structures and have accumulated a 

wealth of pedagogically useful facts. 
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Laryngeal activity has been investigated by researchers 

including Carter (1966) , Hanson (1968), and Weait (1977); 

however, due primarily to the limitations of previous 

investigative equipment, only a small amount of data has 

been gathered which could aid pedagogues in describing that 

performance related activity. Consequently, varying 

pedagogic opinions continue to prevail regarding an accurate 

description of laryngeal activity of trumpet performers 

during a performance. These differences of opinion 

regarding laryngeal activity can only be resolved through 

direct observation of that activity, followed by a thorough 

description of the event. 
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CHAPTER III 

METHODOLOGY 

Pilot Study 

Approach to the Study 

Prior to the study, neither the writer nor the 

attending physician were experienced in viewing laryngeal 

activity of trumpeters during performance; therefore, to 

better understand the technique involved in observing and 

filming the laryngeal activity of each subject, a pilot 

study was conducted. Purposes of the pilot study were to: 

1) determine the selected exercises to be performed by 

each subject which would yield maximum data necessary 

for a description of laryngeal activity, 

2) become acquainted and proficient with the recording 

equipment necessary for monitoring and filming 

laryngeal activity, 

3) become familiar with the technique involved in 

effectively positioning the laryngoscope in the 

laryngopharynx of each subject, including effective 

and safe application of anesthetic, and 

4) discover a tolerance level by all subjects to the 

positioning of the scope superior to the vocal folds. 

40 
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A review of previous studies dealing with internal 

structures related to trumpet performance revealed certain 

playing tasks common to all wind instrument performers. 

The following exercises were initially chosen as potential 

performance tasks: 1) register change (Hall, 1954; Amstutz, 

1970; Frohrip, 1972; DeYoung, 1975), 2) sound volume change 

(Carter, 1966; DeYoung, 1975) , 3) vibrato (Brown, 1973; 

Weait, 1977), 4) tonguing (Anfinson, 1965; Meidt, 1967; 

Hanson, 1968), and 5) lip slurs (Frohrip, 1972; DeYoung, 

1975) , 

In addition to the above-mentioned exercises, the tasks 

of double- and triple-tonguing were included. These tasks 

were included on a trial basis to obtain a view of the 

larynx during the performance of each type of tonguing. 

Also, pitches were played by each subject on three different 

sized trumpets: Bb soprano, Eb soprano, and Bb piccolo 

trumpet. Researchers in earlier studies have suggested that 

some differences in internal structures of subjects were 

evident as a result of performances on different sized 

instruments (Carter, 1966; Scott, 1987). These trumpets 

were included to determine if similiar conclusions would be 

made in the present study. 

The subjects participating in the pilot study were 

asked to view a television monitor as they performed a 

single, sustained pitch. During the performance of a 

sustained pitch, each subject attempted to alter any 
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internal structures while viewing the monitor. This 

exercise was to determine if the laryngoscope and monitor 

could be used by the subjects as a biofeedback instrument 

which might aid them in making internal adjustments. This 

task was performed on the presumption that there might be an 

observable "correct/incorrect" internal adjustment 

associated with sound production on a trumpet. 

In addition, an excerpt from the second movement of 

Haydn's trumpet concerto was included as a performance task. 

The excerpt was randomly chosen; however, it proved to be 

useful because when subjects performed this excerpt, the 

larynx remained in a stable and stationary position. Such 

positioning allowed for a clear and sustained view of the 

larynx. At a later point in the study, the performances of 

the Haydn excerpt were observed and compared to performances 

of the selected musical exercises. Finally, a chromatic 

scale was chosen because it is frequently practiced by 

trumpeters. 

Version A shows the exercises from which were chosen 

the performance tasks (see Appendix A). Exercises were 

written and arranged in the following performance order: 

1) chromatic scale, ascending and descending 

2) register change 

3) sound volume changes 

4) vibrato 

5) lip slurs 
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6) single-tonguing 

7) double-tonguing 

8) triple-tonguing 

Id b 
9) notes played on B trumpet, E trumpet and 

fc) 

B piccolo trumpet 

10) excerpt from second movement of Haydn Trumpet 

Concerto 

11) each subject's ability, through his or her own 

efforts, to change the position of the vocal folds 

while viewing the monitor 

Pilot Study Procedure 

The subjects participating in the pilot study 

included the writer of the study and a performer on trumpet 

from the Tulsa area who teaches in a local high school band 

program. Each subject sat in an examining chair similar to 

a chair found in a dental office. A microphone was 

positioned approximately three feet directly in front of the 

player while a music stand was placed in front of and to the 

left of the subject. 

A 10% cocaine anesthetic solution was applied topically 

by an Ear, Nose, and Throat specialist to the nasal passages 

of each subject with a pressurized spray nozzle specifically 

designed for such an application. After the anesthetic was 

applied to each subject by the attending physician, a 5-10 

minute waiting period followed which allowed the solution 
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to settle as deeply as possible into the oropharynx. The 

subjects helped in the process by inhaling deeply during 

application. At the time, anesthetic applied to the nasal 

passages of each subject was the total amount of anesthetic 

used. 

After a brief waiting period, the distal end of the 

laryngoscope was inserted by the attending physician through 

the nasal cavity of the subject, then slowly guided through 

the nasopharynx, passing the soft palate, and eventually 

rested over the larynx of the subject. A small flexible 

retainer fashioned from a rubber washer was devised to aid 

in the stabilization of the scope while it was in place. 

The retainer was attached to the laryngoscope before the 

scope was inserted in the nasal passage of the subject. 

Once the scope was in place, the retainer was 

positioned at the base of the nose, preventing any 

additional inward movement of the scope. This was done in 

order to eliminate the need for the physician to hold the 

scope in place, while at the same time attempting to 

position the distal end of the scope over the vocal folds. 

The insertion and manipulation of the laryngoscope, as well 

as the manipulation of the camera which was positioned on 

the back of the scope, was performed by an Ear, Nose, and 

Throat specialist at all times. As anticipated, the length 

of scope inserted varied due to individual physical 

characteristics of each subject. 
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The writer served as subject number one and, at the 

time of the pilot study, had performed with the scope in 

place as many as seven or eight times. It was possible for 

subject number one to play for an indefinite period of time 

with the scope in place. The second subject, ingesting 

approximately the same amount of anesthetic as subject 

number one, had difficulty in performing with the 

laryngoscope in place. At this point in the procedure, a 

change in the amount and location of applied anesthetic was 

considered as a possible remedy to any intolerance of the 

scope on the part of subject number two. 

It was then decided that, in addition to anesthetic 

applied in the nasopharynx, an amount could be applied 

through the oral cavity which would, it was hoped, block the 

cough reflex at a lower point. This proved to be the case; 

however, due to the comparatively liberal amount of 

anesthetic applied by the physician at this point, it was 

determined that xylocaine rather than cocaine would be a 

suitable choice because there were no side-effects 

accompanying the ingestion of this solution. It was noted 

that due to the posterior movement of the epiglottis during 

various times of the performance, it would be necessary to 

apply an additional amount of anesthetic to allow insertion 

of the scope at a lower viewing level. 

Xylocaine proved the necessary anesthetic primarily 

because it is safely absorbed into the body. In addition, 
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the writer and attending physician believed that the 

subjects would be more comfortable with an anesthetic free 

of any adverse opinions connected with the use of a cocaine 

solution. 

With the scope in place, each subject began playing 

the previously mentioned exercises. The first version of 

the exercises included tasks which were one line in length, 

with each task ending before the next task or exercise 

began. Before each exercise, a narrator announced the 

exercise. Following the exercises, each subject played an 

excerpt from the second movement of Haydn's "Concerto in 

Eb." This excerpt was performed on an Eb trumpet. 

Results of the Pilot Study 

The pilot study served as a practice session for the 

cooperating physician to develop the skills necessary to 

view each subject. When viewing the video tapes of subjects 

performing in the pilot study, it was revealed that: 

1. Laryngeal activity of each subject could be seen. 

2. The position of the thyroid cartilage shifted with the 

starting and stopping of sound. 

3. Movement of the epiglottis could be clearly seen as each 

subject played. 

4. A change in the position of the vocal cords/arytenoids 

and the size of the glottis was apparent throughout each 

performance. 
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Several difficulties were encountered which made it 

necessary to modify many of the exercises. 

Version A modified to version B—During the performance of 

version A by subjects one and two, the thyroid cartilage 

tended to shift in position which caused some difficulty in 

obtaining a clear view of the larynx. The addition of a 

test note before each exercise gave the attending physician 

an opportunity to locate the larynx in a performance 

situation. In addition, rests were eliminated from each 

exercise to minimize thyroid shift. Version B shows the 

addition of a test note before each exercise as well as the 

elimination of rests during each exercise (see Appendix A). 

The subject then began the first exercise. 

Chromatic scale As each subject began the performance of an 

ascending and descending chromatic scale, locating and 

viewing any laryngeal activity became difficult due to the 

posterior movement of the epiglottis. Therefore, the writer 

determined that laryngeal activity might be viewed more 

easily if the chromatic scale by each subject began in the 

middle register. Also, the performance of a descending 

chromatic scale to a written "g" below the staff would 

reveal the point at which the epiglottis stopped moving. 

Register change the epiglottis moved in a posterior 

direction for both subjects during the performance of 

exercises in the low register. As each performed in the 
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middle and upper registers, the epiglottis moved in an 

anterior direction. This movement allowed a clear view of 

the larynx through the scope; therefore, the written low "g" 

below the staff in version A and B was eliminated, in the 

final version, a written "g" above the staff and a written 

"g" in the staff were played at soft and loud volume levels 

in order to observe a change in register. 

Sound volume change—The first exercises relative to sound 

volume change were written with rests between changes in 

volume of sound; however, such exercises proved difficult to 

view due to the sudden shift in the position of the thyroid 

cartilage. Rather than performing three separate volume 

levels on three separate pitches, it was determined that 

less shift in the larynx would occur if a change in sound 

volume level was performed on one continuous pitch. 

Vibrato—The vibrato exercise remained unchanged because 

the exercise began with a pitch using no vibrato, was 

sustained while vibrato is used, and continued as the 

vibrato was omitted. No sudden shift in the thyroid 

cartilage was noted. 

Ascending and descending lip slurs—these exercises remained 

unchanged because satisfactory visualization was present 

throughout all lip slurs. 

Step-wise descending and ascending slurs—these exercises 

were added to the final version. These were included 
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because they represent frequently played tasks in trumpet 

performance. 

Single-, double-, and triple-tonguing exercises—version B 

omits the triple-tongue exercise because the "k" action of 

the tongue during double-tonguing represented a similar 

action to that found in triple-tonguing. 

Later in the pilot study, it was confirmed that no 

differences could be observed relative to the activity of 

the larynx during single- and double-tonguing; therefore, 

double-tonguing exercises were omitted. Also, no subject 

could satisfactorily perform double- and triple-tonguing 

with the laryngoscope inserted. 
i 

— —t r u mP etf E—trumpet and B— piccolo trumpet—Identical 

pitches played at approximately the same volume level on Bb 

t) k 
trumpet, E trumpet and B piccolo trumpet indicated that 

performing on different sized trumpets had no effect on 

laryngeal activity. The exercise involving a change in 

different-sized instruments was omitted. 

Changes in laryngeal adjustments as viewed by subject—each 

subject was asked to perform a sustained pitch while viewing 

the monitor to determine whether or not a conscious effort 

could be made by the subject to alter any part of the 

laryngeal structure during performance. No apparent 

physical adjustment or behavior pattern relative to a change 

in the quality of sound could be heard or seen using the 

monitor,- therefore, the exercise was omitted from version B. 
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Haydn Trumpet Concerto—Purina the initial filming of 

subject number one, a performance of an excerpt from the 

second movement of Haydn's Trumpet Concerto was included. 

It was found that due to the legato style of the piece, the 

activity of the larynx could be easily viewed through the 

monitor. This physical adjustment was noted when it was 

realized that while each subject sustained tones, the 

position of the thyroid cartilage remained relatively 

stable, which allowed for a controlled view of the larynx. 

Use of the concerto proved helpful also because it 

provided each subject with a familiar performance situation. 

Observations of laryngeal activity during the performance of 

a familiar excerpt from the second movement of the Haydn 

concerto were useful in determining whether laryngeal 

adjustments made during the final version of the performance 

task were typical of the subject's routine performance 

activity. 

Version B modified to Version C—During the playing of the 

exercises in versions A and B, as well as the playing of the 

Haydn excerpt by subject number two, it was discovered that 

the ability of each subject to tolerate the positioning of 

the scope might differ dramatically. Therefore, the writer 

determined that to allow for maximum comfort of all 

subjects, the length of musical exercises would need to be 

reduced. Subsequently, version C was written to include the 

above-mentioned exercises in one condensed format. They 
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are as follows: 1) sound volume change, 2) vibrato, 3) 

single tongue, 4) step-wise descending and ascending slurs, 

5) descending and ascending lip slurs, 6) register change, 

7) descending chromatic scale, and 8) an excerpt from second 

movement of the Haydn Trumpet Concerto. The first musical 

exercise, sound volume change, was divided into two tasks: 

sound volume increase and decrease. The second musical 

exercise, vibrato, was also divided into two additional 

tasks: no vibrato and vibrato. The register change exercise 

was divided into low sound volume/upper register, high sound 

volume/upper register, low sound volume/low register and 

high sound volume/low register notes. 

Main Study 

Design of the Study 

Video-taped images observed in the pilot study revealed 

that three internal structures of the larynx and the 

adjustments made by each could be viewed and described. The 

following laryngeal structures and their respective 

activities included: 

(1) movement of the epiglottis during the performance of 
each exercise; 

(2) movement of the vocal folds/arytenoid cartilage 
which include changes in the size of the glottis during 
the performance of each exercise; 

(3) a shift in the thyroid cartilege; a structure containing 
and protecting the vocal folds. 
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In order to gather data regarding laryngeal activity, each 

activity was described as observed during the performance of 

the following musical exercises. They were assigned a 

number and are listed as follows: 

1. sound volume increase 

2. sound volume decrease 

3. no vibrato 

4. vibrato 

5. single-tonguing 

6. step-wise descending slurs 

7. step-wise ascending slurs 

8. descending lip slur 

9. ascending lip slur 

10. low sound volume/upper register note 

11. high sound volume/upper register note 

12. low sound volume/low register note 

13. high sound volume/low register note 

14. descending chromatic scale 

In addition, the excerpt from the second movement of the 

Haydn Trumpet Concerto was retained as a performance 

exercise in the study. 

Subjects 

Subjects participating in the study were selected from 

the Northeast Oklahoma and Wichita, Kansas areas, and 

include trumpet players only. The ten subjects included 
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college-level students, teachers, and professional players. 

Age, sex, and type of playing experience were not used as 

criteria for selection of subjects. After responding to a 

written invitation from the writer, each subject 

participating in the pilot study, as well as those 

participating in the main study, was asked to sign a consent 

form and a "profile of subject" form before performing in 

the study (Appendix B). The use of subjects was approved by 

the graduate school of the University of North Texas. No 

player below legal consent age was asked to participate. 

Equipment 

Each subject was observed using an Olympus ENF type "p" 

pediatric fiberoptic laryngoscope which is 3.7 mm in 

diameter. The light source was a Luxtec, Xenon 1000 watt 

daylight fiberoptic light source, universal model Lux 1000 

which will adapt to Storz, Olympus, Stryker, Dyonics, 

Zimmer, Luxtec, Elder, ACMI, or any Wolf-type fiber optics 

cables. The monitor was a Machida TM-22u and has the 

capability to output to a VCR. The camera was a Machida 

CCV-1000. 

To tape the video portion of the procedure, the camera 

was attached to the proximal end of the laryngoscope. The 

camera was manufactured so that a cord could be channeled 

from the camera to the monitor. A patch cord from the 

output of the monitor was then connected to the input of a 
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standard 3-head VCR using a VHS format. In addition, a 

connector was used from the output of the VCR to the monitor 

for immediate playback capability. For the audio recording 

of the procedure, a unidirectional microphone with 600 ohm 

impedance was placed approximately 3 feet in front of the 

subject with the microphone even with the bell of the 

trumpet, and was channeled to an audio cassette deck. It 

was necessary at this point to use the cassette deck as a 

mixer or volume booster in order to provide a satisfactory 

sound level for recording the subjects as well as recording 

the procedure in the room. 

From the back of the audio cassette, a "Y" adapter was 

connected to the input of the VCR. An output cord was 

attached to the input of the monitor for immediate audio 

playback. An additional microphone of the same type 

mentioned above was used for a narrator and was connected to 

the input of the audio cassette deck (see Appendix A). 

Procedure 

Each subject was seated in an examining chair 

similar to a dentist's chair. A microphone was placed 

approximately 3 feet in front of the bell of the trumpet; 

the music stand was placed in front of and slightly to the 

left of the subject with the music in clear view of the 

subject. The microphone was positioned at the same height 

as the bell of the trumpet. In addition to an ample warm-up 
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period, each subject was asked to play the performance tasks 

as well as the solo excerpt before xylocaine was applied. 

The physician then administered a xylocaine solution 

to the nasal cavity of each subject as well as to the 

oropharynx using a pressurized spray apparatus. The 

xylocaine solution was applied through the mouth and allowed 

to coat the posterior wall of the pharynx in addition to 

coating as much of the laryngopharynx as possible. 

Approximately 10-15 minutes was allowed for the anesthetic 

to block the area contacted by the laryngoscope. 

At this point, each subject played the exercises under 

the influence of the anesthetic. This procedure was adopted 

so that each subject would become acclimated to the 

unfamiliar playing environment caused by the application of 

the anesthetic. After the area contacted by the 

laryngoscope was sufficiently blocked, the scope was placed 

into the nasal passage and channeled through the pharynx 

until the viewing lens of the scope was positioned over the 

larynx with the vocal folds in plain sight. The retainer 

mentioned in the pilot study was then positioned along the 

length of the laryngoscope so that the scope remained as 

stable as possible. 

After each subject indicated that he or she was 

comfortably prepared to perform, the subject's 

identification number was announced as well as the exercise 
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and date; then the subject played the exercise. After the 

exercise was performed, a decision was made by the 

attending physician and the writer of the study regarding 

the quality of the video-taping. If the image on the video 

tape was satisfactory, the subject then played the second 

movement of the Haydn concerto. Once the subject had played 

the concerto, the scope was removed. 

Limitations in Data Gathering 

While the fiberoptic laryngoscope offers a clear and 

accurate image of the vocal folds during the performance of 

exercises by each subject, several conditions exist which 

prohibit the use of statistical analysis when measuring 

internal physical adjustments. The length of the pharynx 

differs with each subject, which makes it necessary to 

position the laryngoscope according to individual physical 

characteristics. Further, as the position of the thyroid 

cartilage shifts during performance, the size of the image 

of the vocal cords varies so drastically from one subject to 

another that basis for comparison with standard, physical 

measurements is impossible. Finally, all internal physical 

characteristics of each subject vary so dramatically that 

use of an ordinal scale for measurement is not practical. 

Three means of description were selected to provide an 

analysis of the laryngeal activity of each subject during 

performance. First, a description code was designed to 
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catalog positions/adjustments related to each performance 

(see Appendix C). Coded movements of each subject were then 

cataloged on a description chart. An additional chart was 

designed to compare all subjects in a performance of a 

single exercise (Appendix C). To provide for some degree of 

standardization regarding the description code, the writer 

familiarized a second observer with the use of the code. 

After a brief training session, the second observer then 

analyzed and described the laryngeal activity of each 

subject. 

Second is a narrative discussion of internal physical 

characteristics and positions/adjustments of laryngeal 

components present with each subject's performance. Third, 

and most important, a video tape accompanies the text, 

making it possible to view all laryngeal activity related to 

the performance by each subject of the playing tasks used in 

the study. 

Development and Use of the Description Code 

An investigation of laryngeal activity of trumpeters 

deals primarily with observing that activity during sound 

production on the instrument. In this case, sound 

production is integrated with several playing tasks such as 

an increase/decrease in volume of sound, the performance of 

vibrato, single-tonguing, slurs, and performance of a 

chromatic scale. 
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The description code was designed to provide an 

approach toward a more objective means of comparing 

performance-related laryngeal activity exhibited by all 

subjects. By no means does the code serve as a substitute 

for an on-site observation of laryngeal activity as viewed 

through a fiberoptic laryngoscope; however, such a code does 

serve as an aid in outlining behavior exhibited by the 

subjects. 

Use of the code involved the selection of a number by 

each observer which corresponds to a laryngeal movement or 

position. The number represents the most appropriate 

description of the observed activity. The number was then 

transferred to a chart. This procedure was followed in an 

effort to effectively organize performance-related data. 

Haydn Trumpet Concerto Excerpt 

Observation of each subject during the performance of 

the Haydn excerpt proved useful when comparing laryngeal 

activity during the Haydn with subject activity observed 

during version C; however, only a few performance tasks in 

the Haydn were applicable to such a comparison. During the 

performance of the excerpt, performance tasks including 

vibrato, single-tonguing, lip slurs and step-wise slurs 

could be observed. No accurate verification of extreme 

sound volume or register change is possible through 
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observation of the excerpt because such tasks are not 

present in the piece. 

Observation of each subject during a performance of the 

Haydn excerpt made it possible to view laryngeal activity in 

a stable performance environment. Movement of laryngeal 

structures remained minimal, thus allowing the attending 

physician an opportunity to focus on the area. Comments on 

the performance of the excerpt by each subject were reported 

by the writer of the study. 
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CHAPTER IV 

RESULTS OF THE STUDY 

The purpose of the study is to describe selected 

laryngeal activity of brass-wind players during the 

performance of selected musical exercises. The activity of 

three specific areas—1) the epiglottis, 2) the vocal folds, 

and 3) the thyroid cartilage—was observed and described 

following the performances by each of the ten subjects. 

Early comparisons of observations indicated that many 

items listed on the code were ambiguous in terms of 

describing subject activity. This ambiguity was manifested 

by the low percentage of agreement between the observers 

regarding use of the code items. In an effort to increase 

the effectiveness of the code as a descriptive tool, items 

were reviewed and condensed so that more concise 

descriptions could be made by observers using the code. 

Once the revisions were made, the writer plus two 

additional observers viewed all subjects. A review of the 

responses indicated that the percentage of agreement among 

the three observers remained low with regard to the 

performances of some of the subjects. Further revisions 

included illustrations and a written set of instructions 

which aided in defining the line items on the code. 

62 
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After using the improved code, the same three observers 

agreed 83% of the time regarding descriptions of epiglottal 

activity, 86% of the time regarding descriptions of vocal 

fold activity, and 93% of the time regarding descriptions of 

thyroid cartilage activity of all subjects. This measure of 

agreement was considered by the writer to be adequate for 

the study. Data associated with findings by the first, 

second, and third observer are provided in Appendix C. In 

addition, the following descriptions are based on total 

agreement by three observers or on an agreement between two 

of three observers. Disagreement among observers relative 

to the description of subject activity was the result of 

poor image definition resulting from sudden internal 

physical movements by subjects and/or difficulty in 

obtaining a satisfactory positioning of the camera. 

The code was used as a means of categorizing the 

laryngeal activity of each subject on a description chart so 

that each activity could be observed for all subjects with 

some degree of consistency (see Appendix C). To a 

reasonable extent, this code outlined performance-related 

behavior of subjects and provided a descriptive language 

which eliminated some subjectivity regarding a description 

of laryngeal activity. In addition to the description chart, 

additional charts described and compared the laryngeal 

activity of all ten subjects relative to a single 

performance task (Appendix C). 
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The second means of description is a narrative of 

individual characteristics of each subject. Additional 

comments regarding laryngeal activity of each subject are 

included to enhance information found through use of the 

description code. 

Third, video tapes were made to allow on-site 

observation of each task performed by all subjects. 

Integration of the fiberoptic laryngoscope with video taping 

equipment makes it possible to monitor and tape the 

laryngeal activity of trumpet performers, and serves as 

possibly the most important, accurate means of description 

regarding such activity. 

Subject Activity Grouped According 

To Laryngeal Structures 

Ten subjects were selected for the study. Participants 

included three students and one full-time professional 

player from Wichita, Kansas, plus two students, three 

teacher/performers, and one full-time professional player 

from the Tulsa, Oklahoma area. The ages of the subjects 

ranged from 20 years to 42 years, with the average age being 

28 years. Of the ten, nine were male and one was female. 

Performance time of the subjects with the laryngoscope in 

place ranged from two minutes, fifty-three seconds to seven 

minutes, forty-eight seconds, with the average amount of 

performance time being five minutes. Preparation time 
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necessary to the insertion of the scope by the attending 

physician was not included. All subjects were encouraged to 

perform on their instruments during all playing tasks so 

that each would be as comfortable as possible for the 

performance (see Appendix B, profile of subjects). 

Included in the following descriptions are discussions 

regarding the activity of the 1) epiglottis, 2) vocal folds, 

and 3) thyroid cartilage of each subject as they were 

observed during the performance of fourteen specific playing 

tasks. 

Epiglottis 

The epiglottis protects the trachea and the vocal folds 

during certain physiological events. Inserted at the 

thyroid cartilage (posterior aspect), the epiglottis extends 

upward where it may close over the vocal folds and trachea 

(posterior direction) at the proper moment. Typical 

direction of movement is post/anteriorly. For instance, the 

epiglottis contributes to the interruption of the airstream 

during the act of swallowing, thus protecting the vocal 

folds and trachea by suspending respiration until a foreign 

obstacle, such as food, passes. It is also in approximately 

this area where a cough reflex action can occur in the event 

a foreign obstacle is introduced into the laryngopharynx. 

To view the laryngeal activity of each subject, it was 

necessary for the attending physician to extend the distal 
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end of the laryngoscope to a point in the pharynx where the 

image of the vocal folds would not be obstructed by the 

movement of the epiglottis. Since the origin of the 

epiglottis is at the thyroid cartilage, the epiglottis is 

regarded as part of the laryngeal structure. Therefore, 

since epiglottal activity is an integral part of laryngeal 

activity, an effort was made to position the scope so that 

as much epiglottal activity as possible could be observed 

without obstructing the view of concurrent activity of 

either the vocal folds or the thyroid cartilage. In many 

instances, this position proved difficult to locate and 

maintain because the activity of the epiglottis tended to 

block any observation of the vocal folds. 

Subjects in the present study exhibited highly 

individual characteristics regarding the configuration of 

the epiglottis. In the case of subject one, the posterior 

aspect of the epiglottis appeared flat and straight, with no 

prominent extension of the epiglottal tip. Subject number 

eight exhibited a rather thin, extended epiglottis as 

compared to other subjects. While observation of subjects 

revealed similarities regarding the appearance and behavior 

of the epiglottis, it is clear that epiglottal 

characteristics and activities are highly individual with 

each subject. 

In the following descriptions, the term "anterior" 

describes the position of the epiglottis when a positioning 
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of the epiglottis allowed for full or partial view of the 

vocal folds. The term "posterior" was applied to the 

position of the epiglottis when such a positioning 

completely blocked the view of the vocal folds. When the 

epiglottis gave the appearance of assuming a position midway 

along the length of the vocal folds, such a positioning was 

noted. It is not presumed that the full length of the 

epiglottis was actually in this position; however, at 

various instances, this description (E4) best suited what 

was observed on the monitor. It is important to note that 

when the epiglottis assumed a particular position during the 

performance of a task, that slight epiglottal movement 

frequently occurred; however, each observer was instructed 

to use the term "flex" only if a pronounced flexing activity 

seemed to occur on the part of the epiglottis. 

At the completion of the performance of sound volume 

increase, six of the subjects exhibited an epiglottis which 

was in an anterior position while subjects five, eight, and 

nine displayed an epiglottis which assumed a position midway 

between a posterior and an anterior position. There was no 

epiglottal movement observed with subject two due to 

difficulty in obtaining an image. At the completion of the 

performance of a sound volume decrease, eight of the 

subjects exhibited an epiglottis which was in an anterior 

position. The remaining two subjects displayed an 
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epiglottis positioned midway between a posterior and an 

anterior position. 

The epiglottis for all subjects remained stationary and 

relatively uninvolved during the performance of the note 

with no vibrato. All but subjects eight and nine exhibited 

an epiglottis which assumed an anterior position. The 

epiglottis of subject eight was in a posterior position, and 

the posterior aspect of subject nine's epiglottis was 

positioned midway along the length of the vocal folds. 

For vibrato, nine subjects exhibited 110 change in the 

position of the epiglottis (anterior). Subject eight 

revealed pronounced flexing of the epiglottis during vibrato 

production. All subjects with the exception of subject six 

produced vibrato by slightly opening and closing the 

aperture with a steady movement of the jaw. Subject number 

six produced vibrato by movement of the right hand on the 

instrument. 

While single-tonguing, five subjects displayed a 

noticeable flexing activity of the epiglottis which occurred 

coincidentally with the start of each note. Observation of 

four subjects revealed that the epiglottis remained in an 

anterior position, while the epiglottal activity of subject 

two was not visible. 

Observation of subject activity during the performance 

of step-wise descending slurs, revealed that the epiglottis 

of all but two subjects remained primarily in an anterior 
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position. Subjects number one and five exhibited noticeable 

flexing during this performance. Throughout the step-wise 

ascending slurs, eight subjects exhibited an anteriorly 

positioned epiglottis while subjects one and five exhibited 

a flexing activity of the epiglottis. As each subject 

played descending lip slurs, increased activity could be 

observed. Subjects one, five, and seven displayed a flexing 

activity, six subjects exhibited an epiglottis in an 

anterior position, while the epiglottis of subject nine was 

midway between a posterior and an anterior position. During 

ascending lip slurs, seven subjects exhibited an epiglottis 

in an anterior position, subjects one and five displayed 

some flexing activity, and subject six revealed an 

epiglottis which assumed a posterior position. 

Eight of the subjects exhibited an epiglottis which 

tended to assume an anterior position during the performance 

of the low sound volume/upper register note., Only subjects 

six and eight exhibited an epiglottis positioned midway 

along the length of the vocal folds. 

During the high sound volume/upper register note, all 

subjects exhibited an epiglottis which was anteriorly 

positioned. While performing a low sound volume/low 

register note, seven subjects exhibited an anterior 

positioning of the epiglottis. Subjects one, five, and 

seven were the exceptions, with the epiglottis of subject 

five assuming a posterior position. Subjects one and seven 
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displayed an epiglottal position midway along the length of 

the folds. Nine subjects exhibited an anterior positioning 

of the epiglottis during a high sound volume/low register 

note, while observation of subject nine revealed an 

epiglottis midway along the length of the vocal folds. 

During the chromatic scale, eight subjects displayed an 

epiglottis which was in an anterior position. The 

epiglottis of subject one assumed a position midway along 

the length of the folds, and epiglottal activity by subject 

two was not visible at this point. 

Vocal Folds 

The vocal folds were the most active laryngeal 

structure during all performances. In many instances, the 

vocal folds were active while the thyroid cartilage and 

epiglottis remained in a stationary position. 

Though terms such as "abducted" and "adducted" were 

used in the description of vocal fold activity, it is 

important to note that during production of sustained 

sounds, the folds were never fully closed or adducted. In 

some cases, a fully adducted condition appeared to exist; 

however, further observation revealed that the glottis was 

present. Though many of the exercises began with a single-

tongue activity, great attention by all observers was given 

to observing the folds for the duration of the exercises 
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rather than mistakenly recording single-tongue activity 

associated with the beginnings of each exercise. 

It was characteristic of the activity of the folds of 

all subjects to adduct either fully or partially at the same 

instance the tongue interrupted sound production. As sound 

began, the folds appeared to open, resulting in varying 

glottal dimensions. Also, it was difficult to describe the 

amount of abduction or "openness" relative to the 

positioning of the folds, therefore "g2" refers to varying 

glottal dimensions. Observation of each subject revealed a 

change in the thickness of the folds during various periods 

of sound production. A variation in the dimension of the 

ventricle between the true and false vocal folds appeared to 

accompany this change. 

At the completion of sound volume increase, eight 

subjects exhibited varying degrees of gradual abduction with 

subject one displaying the most obvious example of vocal 

fold abduction. Subject eight exhibited a slightly open set 

of the folds, and the epiglottal activity of subject two 

could not be observed due to a difficulty in maintaining the 

camera on an extreme change in laryngeal adjustment. 

At the completion of sound volume decrease, seven 

subjects exhibited a slightly open set of vocal folds. 

Subjects number three, five, and seven displayed noticeably 

open vocal folds manifested by a larger glottal dimensions 

than the others, and an observable angle formed between the 
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medial edges of the folds. During the performance of sound 

with no vibrato, the folds of six subjects assumed a 

slightly open position. Subjects one, nine, and ten 

exhibited vocal folds that first appeared to be in an almost 

fully adducted position; however, further observation 

revealed that the glottis was present. The folds of subject 

eight were not visible due to the pronounced posterior 

positioning of the epiglottis at this point. When vibrato 

was added to the sound, only half of the subjects exhibited 

a noticeable flexing activity. The frequency of this 

flexing activity occurred coincidentally with the audible 

change in the wave of the vibrato. The folds of subjects 

four, eight and nine were almost fully adducted, subject six 

exhibited a noticeable opening of the folds, and subject 

three displayed extremely large glottal dimensions. 

During the single-tongue exercise, the vocal folds of 

eight subjects displayed a flexing activity. The folds of 

subject one were not visible because of an extreme flexing 

activity of the epiglottis, while the folds of subject two 

were not visible due to difficulty in maintaining an image 

of the area. 

As step-wise descending slurs were plciyed, the vocal 

folds of all subjects with the exception of: subject six 

flexed. The frequency of the flexing occurred 

coincidentally with the beginning of each note. Typically, 

the folds appeared to adduct between each sound, followed by 
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a noticeable abduction for the duration of each sound. 

Throughout this task, the vocal folds of subject six were 

slightly open and motionless. During step-wise ascending 

slurs, vocal fold activity similar to that found in task six 

was observed for all subjects; that is, a flexing activity 

occurred with each note sounded. The folds of subject six 

remained in an almost fully adducted position. During 

descending lip slurs, nine subjects exhibited flexing 

activity of the vocal folds. Again, subject six maintained 

a stationary set of folds which were slightly open. All 

subjects displayed some degree of flexing regarding the 

folds during the performance of ascending lip slurs. 

Subject number seven exhibited an increase in glottal 

dimensions with each flex. Others displayed similar 

activity on this task, but not to the degree indicated with 

subject seven. 

During the performance of a low sound volume/upper 

register note, vocal fold positioning varied. Subjects two, 

three, and five exhibited glottal dimensions which were 

larger than the others, while six subjects displayed a 

slightly open set of folds. The vocal fold position of 

subject number eight was not visible due to a posterior 

positioning of the epiglottis. During the performance of 

the high sound volume/upper register note, five subjects 

indicated a noticeably open set of folds. Glottal 
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dimensions of the remaining five subjects appeared to be 

smaller than those with abducted folds. 

During the low sound volume/low register note, the 

vocal folds of seven subjects assumed an almost fully 

adducted position. The folds of subject five were not 

visible due to the position of the epiglottis. Subjects two 

and three exhibited larger glottal dimensions than the 

others. Increased glottal dimensions were evident with six 

subjects during the performance of the high sound volume/low 

register note, with subjects two, five, six, and nine 

exhibiting vocal folds almost fully adducted. 

During the performance of the chromatic scale, all 

subjects with the exception of number six exhibited some 

flexing activity. At this point, the folds of subject six 

were almost fully adducted and stationary. 

Thyroid Cartilage 

The thyroid cartilage is a laryngeal structure which 

houses and protects the vocal folds and the epiglottis. The 

true vocal folds are attached posteriorly to two sets of 

arytenoid cartilage and anteriorly to the thyroid cartilage. 

Additionally, the thyroid cartilage is capable of moving in 

a post/anterior or superior/inferior direction. 

Movement of the thyroid cartilage is evidenced by any 

noticeable change in the position of the image on the 

monitor. For example, pronounced flexing of the thyroid 
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cartilage is best observed during the performance of subject 

ten. As the subject performed single-tonguing exercises, 

the thyroid cartilage flexed in an extremely pronounced 

fashion. 

Movement of the thyroid cartilage occurred in all 

subjects performing in the study. Repeated observation of 

laryngeal activity indicated that the thyroid cartilage of 

all subjects shifted to and maintained a "work" position 

when any production of sound occurred. As the subjects 

discontinued air support to the instrument, the thyroid 

cartilage settled to its original position of rest. Since 

all subjects exhibited some degree of thyroid cartilage 

shifting, observers were not required to note this movement 

on the code. During several performance tasks, the thyroid 

cartilage flexed in addition to the previously assumed work 

position. To avoid any speculation by the observers, 

description of any flexing activity by the thyroid cartilage 

was noted only when it was obvious that such an activity had 

occurred. 

During the performance of a sound volume increase, the 

thyroid cartilage of all subjects shifted to a "work" 

position on the initial attack of the note and maintained 

that position for the sound increase and sound decrease. In 

many instances, it appeared as though subtle movement of the 

thyroid was evident during the sound increase, but 

consistent identification of such movement was speculative. 
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As each subject performed a note with no vibrato, the 

thyroid, while in a shifted position, remained motionless. 

When vibrato was added, only subject number one exhibited a 

very slight flexing of the thyroid cartilage. 

Observation of all subjects performing the single-

tongue exercise revealed a noticeable flexing activity with 

subjects one, six, and ten. The remaining seven subjects 

exhibited no pronounced flexing activity during the 

performance of this task. During the step-wise descending 

slurs, only subject six displayed any noticeable flexing of 

the thyroid cartilage, while no obvious flexing occurred 

with the remaining subjects. During step-wise ascending 

scales, all subjects exhibited a relatively stable thyroid 

cartilage position. Increased thyroid cartilage activity 

was evident with subjects one and six during the descending 

lip slurs. During the performance of ascending lip slurs, 

subject ten displayed some flexing activity. 

During performances of all sound volume/register change 

notes by all subjects, no noticeable flexing occurred with 

any subject with the exception of a shift which accompanied 

the beginnings of each note. The same activity was true of 

all subjects during the performance of the chromatic scale. 
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Haydn Trumpet Concerto Excerpt 

Observation of each subject following the performance 

of the Haydn Trumpet Concerto excerpt revealed that subjects 

three, four, and seven exhibited some difference in 

laryngeal activity than that observed during the performance 

of version C. Subject three exhibited increased vocal fold 

adduction during any tonguing activity, subjects four and 

seven exhibited increased epiglottal activity during 

production of the vibrato. Only tonguing, vibrato 

production, and valve-assisted slurring are observable 

throughout the excerpt. Differences in laryngeal activity 

of subjects suggest that changes in that activity might be 

associated with a change in music selection. 

Description of Individual 

Subject Activity 

Subject number one—subject number one is a 42-year-old male 

and a teacher/performer. During the performance of a 

sound volume change, the epiglottis remained in an anterior 

position while the glottis enlarged for a sound volume 

increase and decreased in size during a sound volume 

decrease. 

When sound production occurred with no vibrato, the 

epiglottis remained in an anterior position, the folds were 

slightly abducted, and the thyroid position remained stable. 

The performance of a note with no vibrato resulted in a 
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stable larynx with no apparent movement by any laryngeal 

structure. The performance of a note using vibrato as well 

as single-tonguing resulted in a flexing activity by the 

vocal folds while the epiglottis remained relatively 

stationary. Also during the performance of vibrato, a 

slight amount of movement occurred with the thyroid 

cartilage. 

During the single-tongue exercise, the thyroid 

cartilage and epiglottis flexed coincidentally with the 

start of each note. With each note executed, the epiglottis 

flexed in a very exaggerated manner toward the posterior 

pharyngeal wall which obstructed the view of the vocal 

folds. 

During all slurs, a flexing activity occurred for the 

vocal folds and epiglottis. A pronounced flexing activity 

occurred in the epiglottis for descending and ascending lip 

slurs. For volume/register notes, the epiglottis was 

positioned anteriorly, the vocal folds adducted on low sound 

volumes and abducted on high sound volumes, while the 

thyroid cartilage revealed a shift to a "work" position when 

sound began and a shift to a "rest" position when the notes 

were completed. Neither high nor low register notes seemed 

to have any noticeable effect on the positioning of 

laryngeal structures. 

During the performance of the chromatic scale, the 

epiglottis moved in a posterior direction to a point which 
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appeared to be midway along the length of the vocal folds. 

At the same time, the vocal folds flexed with the start of 

each note. No apparent shifting activity occurred with the 

thyroid cartilage during the chromatic scale performance. 

No noticeable change in laryngeal activity occurred 

during the performance of the Haydn concerto excerpt when 

compared to the performance of version C. During the 

performance of the Haydn concerto excerpt, a flexing 

activity of the vocal folds was apparent during tonguing, 

slurring and vibrato. Finally, during the time when the 

larynx was performing any work, a thickening of the folds 

seemed to occur randomly, decreasing the dimensions of the 

ventricle between the true and false folds. 

Subject number two—subject number two is a 38-year-old male 

and a teacher/performer. The laryngeal activity exhibited 

by subject number two was difficult to observe during the 

performance of version C due to the movement of a pronounced 

"U" or horseshoe-shaped epiglottis. As the epiglottis moved 

in a posterior direction, the amount of observable space 

between the epiglottis and the posterior pharyngeal wall 

decreased, making observation difficult. However, observers 

were instructed to record the activity that could be 

observed during the performance of version C. When 

laryngeal activity was not visible, such a circumstance was 

recorded. 
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During an increase in sound volume level, laryngeal 

structures were not visible; however, a steady adduction of 

the folds occurred during a decrease in sound volume. The 

vocal folds exhibited a flexing activity during vibrato 

production. When single-tonguing notes during version C, 

the thyroid and the vocal folds displayed a tendency to 

flex. When this subject executed any of the four types of 

slurs, a noticeable flexing occurred in the vocal folds and 

the epiglottis remained in an anterior position. 

While performing the low sound volume/upper register 

note, the subject's epiglottis slightly moved in a posterior 

direction while the folds assumed an almost closed position. 

With the remaining sound volume/register notes, the 

epiglottis assumed an anterior position. The vocal folds 

appeared to remain in approximately the same position during 

the performance of all sound volume/register notes, 

resulting in a glottis that was nearly the same dimension 

throughout. Subject number two exhibited a flexing 

activity of the folds during the performance of the 

chromatic scale. 

During the performance of version C, the observation of 

the thyroid cartilage activity was limited; however, during 

the performance of the Haydn excerpt, a shift in the thyroid 

seemed to occur any time the larynx was at work. When at 

rest, the thyroid cartilage would appear to assume a 

position slightly to the subject's left; when sound 
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production occurred, the thyroid appeared to shift in a 

superior and lateral direction to the subject's right. An 

appearance of such an activity could be due to camera angle; 

however, no lateral movement was apparent with any other 

subject. 

Subject number three—subject number three is a 20-year-old 

female and a full-time university student. During the 

performance of sound volume increase and decrease, most 

activity occurred with movement of the epiglottis as it 

slightly moved in a posterior direction during an increase 

in sound and an anterior direction for a decrease in sound. 

The vocal folds remained fully abducted throughout the sound 

volume change. 

During vibrato production, all three laryngeal 

structures remained relatively stationary. Most noticeable 

during the single-tongue exercise was a slight flexing 

activity on the part of the vocal folds. When the subject 

was single-tonguing, the vocal folds flexed toward midline 

in a sporadic fashion as each sound began and then resumed 

an open position as each sound actually occurred. Thyroid 

shift and epiglottal activity remained at a minimum. 

Throughout the majority of the performance of version C, the 

folds remained extremely abducted. 

As subject three executed descending and ascending 

step-wise slurs, as well as descending and ascending lip 

slurs, the tolds exhibited a noticeable flexing activity 
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while the thyroid and epiglottis remained relatively stable 

and stationary. No exaggerated movement of any laryngeal 

structure occurred during any of the sound volume/register 

change exercises with the exception of a shift by the 

thyroid from a "rest" to "work" position at the beginning 

and ending of sound production. When this thyroid shift 

occurred, it was in an anterior direction when at work and a 

posterior direction when at rest. Only the vocal folds 

showed any activity (flexing) during the performance of the 

chromatic scale. 

During any sound production in version C, the thyroid 

cartilage appeared to shift forward when any work (sound 

production) was placed on it and then shifted in a posterior 

direction when at rest. While subject number three 

exhibited certain patterned behavior which is consistent 

with other subjects, it must be noted that glottal 

dimensions were extremely large when compared to others. 

Also, the folds appeared to thicken during sound production, 

especially in the low register. 

During the performance of the Haydn excerpt, the 

activity of the vocal folds increased. When single-tonguing 

during the Haydn, the folds almost adducted fully several 

times. This activity exhibited by the vocal folds suggests 

that internal activity of trumpet performers may vary with 

the material being performed. 
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Subject number four—subject number four is a 22-year-old 

male and is a full-time university student. Subject number 

four has two nodes present on the vocal folds. These nodes 

are commonly referred to as "singers' nodes" and can be 

clearly observed. In many of the performance exercises, the 

portion of the folds posterior to the nodes remained 

abducted while that portion of the folds anterior to the 

nodes remained in an almost fully adducted position. 

While performing an increase and a decrease in sound 

volume, this subject exhibited a steady anterior positioning 

of the epiglottis accompanied by a gradual opening (sound 

increase) and closing (sound decrease) of the vocal folds. 

The thyroid cartilage exhibited a shifting movement at the 

beginning of the first measure and then remained in a 

stationary position during the sound decrease. The folds, 

epiglottis, and thyroid cartilage assumed a stationary 

position during the performance of the notes without vibrato 

as well as notes with vibrato. The vocal folds exhibited a 

moderate flexing activity during the single tongue task. 

Throughout the remainder of version C, the epiglottis 

remained relatively uninvolved by remaining in an anterior 

position with the exception of some slight flexing during 

the descending lip slur task. 

The vocal folds appeared to flex during all slur tasks. 

The thyroid remained unchanged in position with the 

exception of the ascending lip slur where a noticeable flex 
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occurred. For the sound volume/register exercises, the 

vocal folds were slightly open during the low sound 

volume/high register note, followed by an increase in the 

size of the glottis during the high sound volume/high 

register note. A similiar behavior by the folds was evident 

for the low sound volume/low register note and the high 

sound volume/low register note respectively. While the size 

of the glottis was not affected by changes in register, the 

folds did exhibit increased abduction during high sound 

volume levels when compared to low sound volumes. 

During the chromatic scale, a slight flexing activity 

occurred with the vocal folds; the epiglottis remained 

mostly in an anterior position. As with other subjects, the 

thyroid seemed to shift to a "work" position during sound 

production and a "rest" position when the subject was not 

playing. The thyroid shift seemed to be in an anterior 

direction when working and posterior direction when at rest. 

During the Haydn excerpt, this subject displayed a 

noticeable flexing activity of the epiglottis when tonguing 

and using vibrato. Also, there was some flexing of the 

vocal folds during vibrato. The performance of the excerpt 

by subject number four further suggests that trumpet 

performers might exhibit some internal activity which could 

be affected by the material being performed. 

Subject number five—subject number five is a 24-year-old 

male and a full-time university student. As this subject 
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performed a sound volume increase and decrease, the vocal 

folds closed toward the midline (adducted) during the 

increase, and opened (abducted) during the decrease in a 

gradual, steady manner while the epiglottis moved in a 

posterior direction during the sound increase and remained 

there. At the end of the sound decrease, the folds 

displayed a sporadic movement to and from the midline. The 

thyroid cartilage shifted in an anterior/superior (forward 

and upward) direction when sound production began on the 

sound volume increase, and remained stable during the 

decrease. 

During the execution of a note with no vibrato, the 

epiglottis assumed a position midway between a posterior and 

anterior position with the vocal folds assuming an almost 

fully abducted appearance. Once vibrato was added, the 

folds began to flex coincidentally with the vibrato and 

tended to gradually move toward the midline at the same 

time. Also, it appeared that the epiglottis, while in an 

anterior position, flexed slightly with the vibrato as well. 

During the performance of the single-tongue task, the 

vocal folds and the epiglottis flexed. As each note began, 

the epiglottis flexed post/anteriorly and the folds flexed, 

fully adducting when sound was interrupted and abducting 

with the sounding of the note. 

Throughout all slurring tasks, the folds flexed with a 

change to each pitch. The folds appeared almost to close 
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between notes, followed by an immediate opening of the folds 

as each note sounded. Most pronounced movement of the folds 

at this time occurred during descending lip slurs. During 

the performance of ascending lip slurs, the glottis 

increased in size with each flex of the folds. Remaining 

mostly in an anterior position, the epiglottis could be 

observed as it flexed slightly during the performance of 

descending lip slurs. 

As the subject played a low sound volume/high register 

note, the folds demonstrated extreme abduction (opened). 

During the performance of this note, the epiglottis remained 

in an anterior position. When the same pitch was played at 

a high sound volume, the folds partially closed (adducted) 

while the epiglottis made a slight move in a posterior 

direction. The behavior of the folds in this circumstance 

is consistent with behavior in measures one and two of 

version C. 

During the performance of a low sound volume/low 

register note, the epiglottis assumed a pronounced posterior 

position which blocked the view of the vocal folds; however, 

as the subject began the same note with an increase in sound 

volume, the epiglottis moved forward and revealed the folds 

in an almost fully adducted position. Though the glottis 

was still present, it was apparent that the folds had closed 

toward the midline. A flexing activity exhibited by both 
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the epiglottis and vocal folds occurred with the beginning 

of each note as the subject descended the chromatic scale. 

Finally, all activity observed during the Haydn reveals 

consistent activity on the part of the larynx throughout the 

performance of both version C and the excerpt. On a random 

basis, the folds showed a slight thickening which affected 

the dimensions of the ventricle, making it appear smaller. 

Medial edges of the folds did not exhibit a smooth straight-

line contour. 

Subject number six—the subject is a 21-year-old male and a 

full-time university student. During a sound volume 

increase, the vocal folds of this subject abducted slightly, 

then adducted toward the midline while a decrease in sound 

volume occurred. At the same time, the epiglottis moved 

slightly in a posterior direction during a sound volume 

increase and then resumed an anterior position during the 

decrease. The thyroid shifted to a fixed position with the 

beginning of the increase in sound, and displayed no 

obvious movement during the sound volume decrease. 

As the subject performed sounds using no vibrato and 

then vibrato, the folds, epiglottis, and thyroid cartilage 

appeared motionless. During the single-tongue task, the 

epiglottis remained in an anterior position while the vocal 

folds and the thyroid cartilage flexed with the beginning of 

each note. 
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During step-wise descending slurs, the epiglottis was 

in an anterior position; however, on the remaining three 

slur tasks, the epiglottis randomly moved in a posterior 

direction. During both step-wise and lip slurs, the thyroid 

remained somewhat motionless on the ascending slurs, and 

displayed a pronounced flexing on the descending slurs. 

While performing sound volume/register changes, the 

subject's epiglottis displayed a tendency to move in a 

posterior direction. The folds were almost fully adducted 

during low sound volume levels and opened slightly with 

those notes performed at high sound volumes. As the subject 

performed the chromatic scale, the epiglottis was in an 

anterior position while the folds remained almost fully 

adducted. 

Not much shift occurred when the thyroid cartilage was 

in a "work" position at any time. To a great extent, a 

flexing activity rather than a shift to a fixed position 

took place at the beginning of notes whether they were long 

or short notes. A slight shift of the thyroid cartilage 

forward and upward to a fixed position occurred during the 

Haydn concerto excerpt, though this could be due to the 

abundance of sustained sounds which are evident in the 

excerpt. As with the other subjects, the folds appeared to 

thicken during the performance. 

This subject has vocal folds that appeared to be fully 

adducted at many points of activity. Repeated observation 
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revealed that a "glottal chink" existed which allowed for 

the passage of air through the posterior third of the folds 

as sound production occurred. This glottal chink ("V-

shaped" opening at posterior third of folds) was many times 

undetectable because the opening at the posterior third of 

the folds was hidden from view by the tissue covering the 

arytenoid cartilage. 

Subject number seven—subject number seven is a 32-year-old 

male and a full-time professional player. On sound volume 

increase, the vocal folds opened in a slow and gradual 

manner, then, during sound volume decrease, adducted in a 

similiar fashion. The folds appeared to remain abducted as 

was evidenced by a large glottis at the end of the decrease. 

The epiglottis remained in an anterior position for both 

sound volume increase and decrease. During the sound volume 

increase, the thyroid cartilage gradually moved in an 

inferior direction. 

During the performance of a note with no vibrato, the 

folds were moderately abducted and stationary. The thyroid 

and epiglottis also remained motionless during the 

performance of this note. When vibrato was added, the vocal 

folds exhibited a pronounced flexing activity while the 

epiglottis remained in an anterior position. While single-

tonguing, the epiglottis and the vocal folds flexed; the 

epiglottis flexing post/anteriorly. 
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During the performance of step-wise descending slurs, 

the epiglottis and vocal folds exhibited a flexing activity. 

As ascending step-wise slurs were performed, just the folds 

flexed. When descending lip slurs were played, the folds 

flexed with an accompanying movement of the epiglottis. 

During ascending lip slurs, the folds flexed, exhibiting an 

increase in the size of the glottis with each flexing 

activity. At this point, the position of the epiglottis was 

stable. 

As a low sound volume/upper register note was 

performed, the vocal folds appeared to be slightly open. 

During the execution of a high sound volume/upper register 

note, the subject's glottis enlarged noticeably. The folds 

responded in a similar manner when the low sound volume/low 

register note and high sound volume/low register note were 

performed, thus repeating the response of the vocal folds to 

sound volume change at the beginning of version C. 

During the performance of the high sound volume/high 

register note, the low sound volume/low register note, and 

the high sound volume/low register note, the epiglottis 

displayed a tendency to move in a posterior direction. As 

subject seven performed a chromatic scale, a flexing 

activity was apparent in the vocal folds with the beginning 

of each note. Little movement was exhibited by the thyroid 

or the epiglottis during the chromatic scale. 
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During the performance of version C, as well as the 

performance of the Haydn excerpt, the thyroid cartilage 

shifted at the beginning of a sound. When sound stopped, 

the thyroid resumed a "rest" position. With the exception 

of a slight increase in epiglottal activity, no differences 

in laryngeal activity were observed in the performance of 

the Haydn excerpt when compared to version C. 

Subject number eight—the subject is a 31-year-old male and 

a teacher/performer. As the subject executed a sound volume 

increase, the epiglottis gradually moved in a posterior 

direction, blocking the view of the vocal folds. As the 

volume of sound decreased, the epiglottis moved anteriorly 

revealing a slightly abducted set of vocal folds. 

During sound production with no vibrato, the epiglottis 

again was in a posterior position, blocking the view of the 

folds. The folds remained difficult to view when vibrato 

was added due to the posterior positioning of the 

epiglottis? however, enough of the folds could be observed 

to reveal no flexing of the folds during the vibrato 

performance. The epiglottis exhibited a flexing activity 

during vibrato production. 

As with other subjects, a flexing of the vocal folds 

was evident during the single-tongue performance while the 

epiglottis revealed an accompanying flexing activity. 

Generally, during the performance of all slurs by this 

subject, a stable positioning of the epiglottis accompanied 
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a change to each note while observation of the folds 

revealed some flexing. On ascending lip slurs, the vocal 

folds flexed, increasing the size of the glottis with each 

flexing activity and then closed toward the midline at the 

end of the last note of the slur. 

As the subject performed notes accompanied by a sound 

volume/register change, the vocal folds revealed some slight 

adduction during low sound volume levels and a slight 

abduction during high sound volume levels. The epiglottis 

was almost midway along the length of the folds during low 

sound volume notes. During the performance of high sound 

volume notes, the epiglottis assumed an anterior position. 

A change in register did not seem to have a drastic affect 

on the activity of the folds. The epiglottis remained 

primarily in an anterior position during the performance of 

sound volume/register changes. As the subject played a 

chromatic scale, the epiglottis gradually moved in a 

posterior direction, and the vocal folds exhibited a 

tendency to flex. 

As for the general behavior of the thyroid cartilage of 

this subject, the thyroid shifted to a fixed position when 

any work was placed on it and remained in that position 

until it shifted back to a "rest" position when the subject 

was not playing. Unlike many subjects, the shift in the 

thyroid appeared to be in an inferior direction during the 

performance of each performance task. When any sudden 
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changes occurred, for example, changes during single-

tonguing or slurring, the thyroid seemed to remain in a 

shifted position and flex to and from that position. The 

performance of the Haydn excerpt by this subject revealed no 

noticeable change in laryngeal activity when compared to the 

performance of version C. 

Subject number nine—the subject is a 27-year-old male and 

is a full-time professional player. During an increase in 

sound volume, the vocal folds opened slightly, then 

gradually closed toward midline when the volume of sound 

decreased. The thyroid cartilage appeared to shift upward 

and slightly forward during the start of the first measure 

and then maintained a "shifted" position as the sound 

decreased. The epiglottis gradually moved in a posterior 

direction during an increase in sound, and in an anterior 

direction during a decrease in sound. 

As the subject produced a sound without vibrato, the 

folds were in a slightly abducted position and the 

epiglottis assumed a position midway along the length of the 

vocal folds. When vibrato was added, the epiglottis moved 

in an anterior direction while the folds remained slightly 

open and stationary. When the single-tongue task was 

performed by the subject, both the vocal folds and the 

epiglottis flexed. Little activity occurred on the part of 

the thyroid cartilage. 
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Throughout the performance of all slurs, the folds 

exhibited a flexing activity while the epiglottis, also 

slightly flexing, was positioned midway along the length of 

the folds during the step-wise descending slurs. During 

step-wise descending slurs, the vocal folds flexed with the 

change to each note. While the subject performed step-wise 

ascending slurs, the folds continued to flex while the 

epiglottis moved in an anterior direction. 

During descending lip slurs, the folds continued 

flexing while the epiglottis shifted to a position between 

posterior and anterior. For these descending lip slurs, 

there was a pronounced flexing activity exhibited by the 

thyroid cartilage. During ascending lip slurs, there was a 

flexing activity by all three laryngeal structures. 

During the performance of the low sound volume/high 

register note, the vocal folds were slightly abducted. 

During high sound volume/high register playing, a slight 

increase in the size of the glottis occurred. Similiar 

activity of the folds occurred with low sound volume/low 

register and high sound volume/low register sounds 

respectively. For high sound volumes in both high and low 

registers, the epiglottis assumed a position midway along 

the length of the folds. 

The vocal folds flexed during the playing of a 

chromatic scale. At one point, the epiglottis appeared to 

flex posteriorly; however, it is not clear whether the 
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epiglottis actually did flex or the camera shifted, giving 

the appearance of an epiglottal flexing. 

A slight amount of thyroid shift occurred with this 

subject. The thyroid appeared to shift upward and forward 

when placed under any work and then flexed slightly from 

that position during the performance of various exercises. 

During the performance of the Haydn excerpt, there was 

slight evidence of a flex of the vocal folds associated with 

vibrato, though not enough to regard vocal fold activity 

between version C and the excerpt as being different. When 

the subject performed, the folds seemed to thicken which 

gave an appearance of a decrease in the dimension of the 

ventricle. 

Subject number ten—the subject is a 23-year-old male and a 

full-time university graduate student. This subject 

exhibited a continually changing glottal configuration 

throughout most of the performance with the configuration of 

the glottis alternating between that of a glottal chink to 

one resembling a pear-shaped design. 

During an increase in sound volume, the vocal folds 

abducted slightly while the epiglottis assumed an anterior 

position. As the sound volume decreased, the folds adducted 

toward midline, staying slightly open. At this point, the 

epiglottis remained in an anterior position. During the 

beginning of the sound volume increase, the thyroid shifted 
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upward and forward to a "work" position and remained in 

place as the sound volume decreased. 

While the subject produced a sound with no vibrato, the 

folds remained slightly open. Once vibrato was added, the 

folds exhibited a flexing activity. The epiglottis remained 

in an anterior position for both the non-vibrato and vibrato 

sound. Again, the thyroid cartilage exhibited a shifting to 

a fixed position when a non-vibrato note began and remained 

there during the note produced with vibrato. 

A noticeable flexing activity of the vocal folds 

occurred during the single-tongue activity. Also, during 

single-tonguing, an extremely pronounced flexing in an 

upward direction by the thyroid cartilage was evident with 

the epiglottis remaining in an anterior position. 

During all slurring tasks, the vocal folds and thyroid 

flexed while the epiglottis remained in an anterior 

position. During the low sound volume/high register note, 

the folds exhibited random movement, the thyroid was in a 

stationary position, and the epiglottis was in an anterior 

position. As the high sound volume/high register note was 

sounded, very little change occurred in any of the laryngeal 

structures. During the low sound volume/low register note, 

no change was apparent in laryngeal structures from those 

observed for the previous sound. For the high sound 

volume/low register note, the glottis increased in 

dimension, the epiglottis remained in an anterior position, 
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and the thyroid exhibited some movement during the starting 

of the sound. 

As the subject performed a chromatic scale, the folds 

displayed a tendency to abduct. Though the epiglottis 

assumed a forward position, there was some evidence of a 

slight flexing activity by the epiglottis during the 

performance of the chromatic scale. 

As the subject performed version C and the Haydn 

excerpt, the glottis randomly changed shape from that of a 

glottal chink to a pear-shaped form. During the performance 

of the excerpt, the larynx behaved in a manner similar to 

that during the performance of version C. 



CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this study is to describe selected 

laryngeal activity of brass-wind players during the 

performance of selected exercises. Problems of the Study 

include the observation and description of three internal 

areas of activity of selected trumpeters as they perform 

musical exercises. Specific areas of observation are: 

(1) movement of the epiglottis during the performance of 
each exercise; 

(2) movement of the vocal folds/arytenoid cartilage 
which includes changes in the size of the glottis during 
the performance of each prescribed exercise; 

(3) movement of the thyroid cartilage during the performance 
of each prescribed exercise. 

The internal adjustments to be investigated were 

limited to laryngeal activity relative to trumpet 

performance only and excluded the following: 

1. Investigation of pulmonary activity. 

2. Evaluation of the character of sound produced by 
each subject. 

3. Investigation of any accompanying neuromuscular 
activity associated with trumpet performance. 

98 
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Laryngeal structures were observed during the performance of 

the following exercises: 

1. sound volume increase 

2. sound volume decrease 

3. no vibrato 

4. vibrato 

5. single tonguing 

6. step-wise descending slurs 

7. step-wise ascending slurs 

8. descending lip slur 

9. ascending lip slur 

10. low sound volume/upper register note 

11. high sound volume/upper register note 

12. low sound volume/low register note 

13. high sound volume/low register note 

14. descending chromatic scale 

Also, the excerpt from the second movement of the Haydn 

Trumpet Concerto was retained as a performance exercise in 

the study. 

Ten trumpeters were selected as subjects for the study. 

Selection criteria was based on the willingness of the 

performer to participate, and a performance potential of 

each subject which was considered by the writer to be 

college-level or above. Subjects included college-level 

players, teacher/performers, and full-time professionals. 
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Data were collected through direct observation of 

subject performances and then described using three 

different means. First, three observers were selected to 

view the video tapes of performances by all subjects. Using 

a description code, these observers described the laryngeal 

activity of all subjects. Second, a narrative was provided 

by the writer describing collective laryngeal activity of 

all subjects as well as a discussion of each individual 

subject. Finally, a video tape was made to record all 

performances. While all fourteen performance tasks hold 

pedagogic implications, they are discussed as they relate 

directly to each area of laryngeal activity. Based on the 

evidence, the following conclusions can be stated. 

1. movement of the epiglottis during the 
performance of each exercise 

With few exceptions, the epiglottis assumes an anterior 

position during an increase in sound volume. In addition, a 

decrease in sound volume produces an anteriorly positioned 

epiglottis. While most subjects reveal an anteriorly 

positioned epiglottis during the performance of these two 

tasks, it must be noted that not all subjects exhibit such a 

positioning. 

The difference in the behavior of the epiglottis during 

sound production without vibrato, and sound production 

accompanied by vibrato is that with no vibrato, the 

epiglottis is in a firmly fixed stationary position. When 
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vibrato is added to the performance, a flexing activity does 

occur with some subjects; however, this occurrence seems to 

represent atypical epiglottal activity. 

Findings reveal that approximately half of the subjects 

exhibit a flexing of the epiglottis when single-tonguing on 

the trumpet. This behavior cannot conclusively be termed as 

patterned behavior since some subjects exhibit no flexing 

during the tonguing task. It can be speculated that any 

epiglottal movement which occurs with the beginning of each 

note can be traced to the position of the epiglottis 

relative to the tongue and the hyoid bone. It is commonly 

accepted that the tongue must move when trumpeters initiate 

a tonguing action. It is conceivable that the epiglottis 

could be moving in sympathy with the tongue since it is 

connected to it; however, for the purpose of the present 

study, only pronounced epiglottal activity was noted and 

described as flexing so that a distinction could be made 

between sympathetic movement of the epiglottis with other 

structures and pronounced, individual epiglottal activity. 

With few exceptions, most subjects exhibited an 

epiglottis which assumed an anterior position for both 

step-wise descending slurs, and step-wise ascending slurs. 

Though there are some exceptions, it may be concluded that 

during the performance of these types of slurs, the 

epiglottis remains in a stationary position rather than 

exhibiting any pronounced movement or activity. 
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As with step-wise slurs, the epiglottis tends to remain 

in a stationary position during performances of descending 

and ascending lip slurs; however, it appears that no 

dominant behavior can be associated with the epiglottis 

during these exercises. This conclusion is supported by the 

variety of epiglottal activity ranging from pronounced 

flexing to a stationary position. 

Based on observations of subjects during the 

performance of a low sound volume/upper register note, the 

epiglottis assumes an anterior position during this task. 

The same may be stated for the positioning of the epiglottis 

during the performance of tasks eleven, twelve, and 

thirteen. Differences in high and low register sound 

production as well as differences in high and low sound 

volumes do not seem to alter the positioning of the 

epiglottis; it remains in an anterior position. Finally, 

observation of subjects reveals overwhelmingly that the 

epiglottis usually assumes an anterior position during the 

performance of a chromatic scale. 

To summarize, when single, sustained sounds are 

produced on the trumpet, the epiglottis tends frequently to 

assume an anterior position for the duration of the sound 

production. With few exceptions, this is the case 

regardless of the pitch level or sound volume. With 

increased performance activity such as slurring or tonguing, 

increased, individual epiglottal activity occurs which is 
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commonly manifested by a rhythmic flexing activity. 

Regardless of whether the note is tongued or slurred, there 

is a tendency for the epiglottis to flex at the beginning of 

the note, and then assume a stationary position once the 

beginning of the tongued or slurred note has been 

negotiated. Evidence from observation of epiglottal 

activity during trumpet performance has led to the 

conclusion that epiglottal behavior is involuntary and 

occurs automatically with no conscious thought by the 

performer. 

2. movement of the vocal folds/arytenoid cartilage which 
includes changes in the size of the glottis during 

the performance of each prescribed exercise 

The vocal folds are the most active laryngeal structure 

when compared to the behavior of the epiglottis or thyroid 

cartilage. Though not the case with all subjects, evidence 

indicates that glottal dimensions increase during the 

performance of a sound volume increase, and decrease during 

a performance of a sound volume decrease. 

As with the epiglottis, the vocal folds assume a 

stationary position during production of sounds absent of 

any vibrato. Varying glottal dimensions associated with 

each subject may be attributed to the fact that no 

conditions were imposed on the performers relative to sound 

volume during the performance of task number three. 
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Findings reveal that there is no patterned behavior 

relative to vocal fold activity during the performance of 

sound production using vibrato. Individual activity or 

position by subjects ranges from obvious flexing to varying 

stationary glottal dimensions. 

With all subjects, the vocal folds flex during 

performance of the single-tonguing task. Observation of the 

activity of the folds reveals noticeable adduction 

immediately before each note, followed by obvious abduction 

during sound production. While the folds of several 

subjects appear to fully adduct with the beginning of each 

note, evidence indicates it is not necessary that the vocal 

folds do so. Activity observed during task five represents 

one of the few instances where patterned vocal fold behavior 

is exhibited by all subjects. 

With the exception of subject six, observation of the 

vocal folds reveals a patterned tendency of the folds to 

flex during the performance of step-wise descending slurs, 

step-wise ascending slurs, descending lip slurs, and 

ascending lip slurs. The evidence reveals that the vocal 

folds exhibit a more pronounced flexing activity during 

performances of lip slurs than step-wise slurs. A 

difference in the severity of flexing might be attributed to 

the fact that step-wise slurring tasks are valve-assisted 

and lip slurs are not. Since valves are not used during lip 

slurs, the performer must make all changes in pitch through 
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internal physical adjustments only, thus possibly increasing 

glottal behavior. 

The behavior of the vocal folds during tasks ten 

through thirteen leads to the conclusion that high sound 

volumes can slightly increase the size of the glottis; 

however, this cause and effect relationship does not exist 

with all subjects. In addition, performances which include 

a change from high to low registers do not dramatically 

influence the size of the glottis. Finally, during the 

performance of a chromatic scale, the folds exhibit a 

tendency to flex with a change to each note. In this 

instance, it is possible to categorize the performance of a 

descending chromatic scale as a performance of an additional 

group of valve-assisted, step-wise slurs, thus explaining 

why vocal fold behavior during the performance of these 

slurs is consistent with the vocal fold behavior observed in 

the performances of earlier step-wise slurring tasks. 

Consistent with epiglottal activity, the behavior of 

the vocal folds during trumpet performance appears to be 

self-adjusting or involuntary. Based on observation of 

vocal fold behavior, it can be inferred that the folds 

function as a cooperating mechanism to the airstream, thus 

contributing to trumpet performance. Additionally, it can 

be concluded that very little patterned behavior occurs on 

the part of the vocal folds with the possible exception of 
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activity observed during the performance of the single-

tongue task. 

3. movement of the thyroid cartilage during the 
performance of each prescribed exercise. 

Observation of subject performances revealed that 

thyroid cartilage activity was the most difficult to observe 

when compared to the observation of epiglottal or vocal fold 

activity. This difficulty can possibly be attributed to the 

relative position and size of the cartilage when compared to 

other laryngeal structures. Commonly referred to as the 

"Adam's apple," the thyroid cartilage is covered by 

surrounding tissue, thus limiting any clearly defined view 

of the cartilage. Movement of the cartilage is manifested 

by any dramatic change in the position or activity of the 

entire laryngeal image on the monitor. For instance, when 

the vocal folds, the epiglottis, and the arytenoid cartilage 

seem to exhibit a cooperative and simultaneous shift in 

position, this change can be attributed to thyroid cartilage 

movement. 

Evidence indicates that the position of the thyroid 

cartilage is affected by sound production which occurs due 

to the presence of a supportive airstream. As sound was 

produced during performance through support from the 

airstream, the thyroid cartilage of all subjects exhibited a 

move or "shift" to a position different from the position 

observed during an absence of sound production. In most 
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cases, typical direction of thyroid cartilage shift tends to 

be upward and slightly forward. 

Flexing activity of the thyroid cartilage appeared to 

occur only during active, abrupt changes in performance 

activity such as single-tonguing, and descending and 

ascending lip slurs. Otherwise, during those tasks such as 

sound volume increase and decrease, no vibrato and vibrato, 

step-wise descending and ascending lip slurs, all sound 

volume/register change notes, and descending chromatic 

scale, the thyroid cartilage remained relatively motionless. 

It must be noted that a flexing of the thyroid cartilage 

mentioned above occurred with less than half of the 

subjects, implying that such activity is not necessarily 

characteristic of the majority of subjects in the study. 

Discussion 

While conclusive evidence suggests that laryngeal 

activity plays an integral role in trumpet performance, such 

activity is involuntary and, to a large extent, non-

patterned in behavior. Generally, based on the evidence of 

this study, the epiglottis, the vocal folds, and the thyroid 

cartilage work cooperatively to automatically contribute to 

performance on the trumpet. In many instances, laryngeal 

activity directly reflects playing activities. For example, 

when increased activity occurs with the tongue, increased 

activity occurs with laryngeal structures. When performance 
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conditions remain fixed and unchanged, such is the case with 

laryngeal activity. 

The vocal folds are most active when there is abrupt 

change in a type of sound production. For instance, 

greatest vocal fold activity occurs during single-tonguing, 

all slurring tasks, and to a limited degree, during vibrato 

production. During sustained production of any single 

pitch, the vocal folds assume a position rather than exhibit 

an activity. 

While an observable distinction can be made between a 

relatively larger or smaller glottis during performance, 

there are no instances where glottal dimensions approach a 

fully abducted position similar to that observed during 

forced inhalation. Conversely, when the folds appear to be 

fully adducted during sound production, further observation 

reveals that a glottis does exist. Typically, when the 

glottis appears to be absent, it is during that moment when 

an anterior portion of the vocal folds is approximated and a 

posterior portion of the folds is abducted. Such a 

condition is commonly referred to as a "glottal chink." 

Though the vocal folds do not appear to change in length 

during performance, there is some evidence that the glottis 

of some subjects can and does change shape. Finally, there 

is random change in the dimension of the ventricle between 

the true and false vocal folds throughout sound production. 

This change could be due to compression between the true and 



109 

false folds during sound production or to an increase in the 

thickness of the true folds. 

The epiglottis has no inhibiting affect on trumpet 

performance. Epiglottal configuration and activity is non-

patterned and somewhat individual. When increased 

performance activity occurs, epiglottal activity increases 

concurrently. 

The thyroid cartilage typically assumes a "work" 

position which is isometric in nature. In otherwords, as 

sound production occurs, the thyroid cartilage remains in a 

shifted, tensed position. Occasionally, the thyroid 

exhibits a pronounced flexing activity during a dramatic 

change in playing conditions or during increased performance 

activity. 

Pedagogic Implications of Results 

The purpose of the study is to describe selected 

laryngeal activity of trumpet players during the performance 

of prescribed exercises, in addition, it is the purpose of 

this study to support or disprove previously held opinions 

by pedagogues regarding laryngeal activity. Conclusions 

relative to this purpose address questions that have stemmed 

from varying opinions of pedagogues as well as a lack of 

useful pedagogic information. 

Opinion and advice are divided between those pedagogues 

who recommend either voluntary or involuntary use of the 
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larynx as a necessary tool for successful brass performance, 

and those that warn against any restriction to the airstream 

whatsoever. Advice from pedagogues including Law (1960), 

Cramer (1955), Jacobs (Stewart, 1987), and Noble (1964) 

emphasizes the need for an unrestricted airway, while Farkas 

(1962), Wick (1971), and Schuller (1962) encourage use of 

glottal restriction in brass performance. 

Findings in the present study reveal that involuntary 

glottal and epiglottal adjustments occur during sound 

production which constrict the airstream; however, these 

adjustments appear naturally and inherently to contribute to 

brass performance. In addition, evidence reveals that the 

vocal folds are extremely active during single-tonguing, 

slurring, extreme sound volume changes, and in some cases, 

production of vibrato. During uninterrupted, sustained 

sound production, the folds assume a highly individual 

position which seems to vary with each performer. These 

varying vocal fold positions do not seem to have an adverse 

affect on the player. 

Farkas has stated that the glottis is used either 

consciously or unconsciously by brass players to assist in 

attaining desired sound volume levels. Schuller and Wick 

have suggested that the glottis can and should be 

consciously used as a regulating mechanism to attain varying 

sound volumes. Evidence resulting from observation of 

glottal activity in the present study does not lend support 
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to a proposed theory which advocates conscious adjustment of 

the glottis. Following unsuccessful efforts by subjects in 

the pilot study to voluntarily alter glottal size during 

performance, it was concluded that laryngeal activity during 

trumpet performance is involuntary. It must be noted that 

this evidence is not entirely conclusive. Additional 

attention should be given to the theory regarding conscious 

control of the glottis since only a segment of the subject 

population in the present study attempted any type of 

voluntary glottal control. However, based on observations 

of sound volume changes, present findings do support Farkas1 

contention that glottal adjustments are unconsciously 

employed during sound volume changes. 

As it pertains to the discussion by Jacobs regarding 

the avoidance of epiglottal obstruction to the airstream, 

some evidence suggests that the epiglottis may move slightly 

into the airstream during performance; however, such 

behavior appears to be minimal and involuntary. Sound 

production is possible during those instances when the 

epiglottis is in a posterior position. Therefore, it can be 

inferred that extreme epiglottal approximation with the 

aryepiglottic folds would be necessary before sound 

production would become ineffective or impossible. In 

otherwords, it would be necessary for the epiglottis to 

completely obstruct the airway in order to interrupt airflow 

to the instrument. 



112 

Investigative Implications of Results 

Since much of the laryngeal activity observed in the 

present study has not been mentioned by pedagogues, clearly 

there has been a lack of objective information regarding 

laryngeal activity. A review of related research reveals 

that the overwhelming majority of past studies regarding 

moving internal structures of wind instrument players has 

centered on pharyngeal and non-labial adjustments (Amstutz, 

1970; Anfinson, 1965; DeYoung, 1975; & Frohrip, 1972). 

Further review of these studies will indicate that 

conclusions of these researchers seem to be clearly 

documented. However, conclusions drawn by those researchers 

investigating performance related laryngeal activity of wind 

instrument performers have resulted in some speculation. 

Carter (1966) concluded that the glottis of trumpet 

players enlarges during the production of high sound volumes 

and decreases in size during production of low sound 

volumes. Findings of the present study reveal that Carter s 

conclusion is only partially true. Carter observed only 

four subjects performing on the trumpet. The observation of 

ten subjects during the performance of high and low sound 

volumes in the present study has revealed that vocal fold 

behavior of some subjects reveals no change in glottal 

dimension during sound volume increase. Additionally, 

Carter's contention that the size of the glottis can be 
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voluntarily manipulated is not supported by findings in the 

present study. As stated earlier, an attempt was made by 

subjects during the pilot study to voluntarily alter glottal 

dimension. Direct observation of the vocal folds revealed 

that these efforts were ineffective. 

Hanson (1968) stated that the vocal folds were 

responsible for the production and interruption of sound in 

trumpet performance. Observations made in the present study 

reveal that the glottis exhibits a flexing action during 

tonguing which could be misconstrued as a means of 

controlling sound production. Since sound production on a 

wind instrument involves the use of the airstream, the 

implication that the folds exert any control over production 

or interruption of sound would require some discussion of 

the airstream and its effect on glottal behavior. This 

relationship between airstream activity and its influence on 

glottal behavior was not discussed by Hanson. Neither is 

any inference made in the present study with regard to the 

influence of airflow rate and pressure on the glottis. 

Pursuant to the Hanson study, an effort was made by 

this writer to determine the source of sound interruption 

and production by placing the tongue against the hard palate 

while, at the same time, providing air compression against 

this blockage. With the trumpet in a playing position and 

maintaining the tongue against the hard palate, the glottis 

appeared to remain in a partially abducted position, thus 
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suggesting that no control of sound interruption occurred at 

that point. Thus, findings in the present study do not 

support Hanson's conclusions. 

Brown (1973) and Weait (1977) have concluded that 

vibrato production is the result of the steady, rhythmic 

pulsation of the vocal folds which occurs coincidentally 

with the audible pulsation of vibrato. Observations made in 

the present study reveal that five subjects exhibit a 

pulsing or flexing activity of the vocal folds during 

vibrato production, and five subjects exhibit no concurrent 

movement of the folds with the soundwave of the vibrato. 

Therefore, it is reasonable to assume that vibrato 

production occurring with performers on the trumpet is not 

necessarily due to the influence of vocal fold activity. It 

might be argued that those subjects exhibiting vocal fold 

activity during vibrato are, in fact, using the folds to 

accomplish such a task; however, it then becomes imperative 

to explain how the folds might contribute to this end. 

Recommendations for Future Study 

Direct observation of the laryngeal activity of ten 

subjects performing fourteen performance tasks on trumpet 

has yielded data which serve to clarify pedagogic and 

investigative opinion regarding that activity. On-site 

investigation was conducted through utilization of the 

flexible fiberoptic laryngoscope which was coupled to a 
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viewing monitor, thus making it possible to record subject 

activity. 

During the investigation, each subject performed an 

exercise specifically designed for use in the study and an 

excerpt from the second movement of the Haydn Trumpet 

Concerto. Observations following each performance revealed 

that there was some difference among subjects regarding 

laryngeal activity during the performance of version C when 

compared to laryngeal activity exhibited during the Haydn 

excerpt in as many as three subjects. Performance of 

familiar music as opposed to unfamiliar music may have some 

influence on internal activity. It is recommended that 

future study be conducted to determine whether or not music 

selection affects that activity. 

It is further speculated that there is a relationship 

between the age of the performer and the performer's 

laryngeal activity. Though not addressed in the present 

study, in many instances, the younger subjects exhibited 

more erratic laryngeal behavior during performance, while 

older subjects exhibited somewhat more predictable laryngeal 

activity. 

Only one female subject participated in the study. 

There are some differences in laryngeal activity exhibited 

by this subject which suggest that further study should be 

conducted regarding a comparison of male and female 

laryngeal activity. Such activity was manifested in the 
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female subject by an extremely large glottal dimension 

accompanied by very limited change in laryngeal behavior. 

Though the procedure associated with the observation of 

internal activity of wind instrument performers is not a new 

one, it is recommended that additional studies be conducted 

which are similar in nature to the present study for the 

purpose of verifying stated results and conclusions. 

Additional observation of trumpeters may support or 

contradict conclusions derived from the present study. 

Investigation of various wind instrument performers other 

than trumpeters could provide a comparison of internal 

physical adjustments among wind instrument performers. 

Additionally, it is suggested that future observations be 

conducted, analyzed, and described using methods of 

description which were designed for use in the present 

investigation so that these methods might be confirmed or 

modified. Future investigation of moving internal 

structures can only result in an improved understanding of 

those structures, and thus contribute to the growing body of 

knowledge for future pedagogues and investigators. 
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ZCH 

Task: 1 . 

£ 
3. 

^ >*' > > 

2 2 

i I l l 
= » • / = — f f 

> > > > 

v ib ra to 

'§ I I I I ' I II1 'I U U U X J 1 ^ 

HAYDN TRUMPET CONCERTO IN Eb. Second Movement 
Edward H. Tarr/H. C. Robbins Landon e d i t i o n 
Universal Edi t ion HHP 223 

© 
Andante JcanubileJ 

m' * *? p 



123 

S c h e m a t i c i l l u s t r a t i o n o f M o n i t o r i n g 
and R e c o r d i n g E q u i p m e n t 

Microphone in 

CASSETTE 
Audio out 

Audio in Video 
in 

Audio in 

VCR 

Video 
in 

Audio out Video 
out 

Video 

MONITOR 

Video 
Audio 

CAMERA 

LARYNGOSCOPE 
I SUBJECT ) 

MICKOPHO 



APPENDIX B 

FORMS 

124 



125 

Dear 

I am writing to ask you if you would like to participate as 
a subject in a study that I am doing which will serve as my 
dissertation toward a Ph.D. in Music Education at the 
University of North Texas in Denton, Texas. I am seeking 
the participation of ten (10) trumpeters in the Tulsa area 
on a volunteer basis. Some of them are professional players 
in Tulsa and some are students at Northeastern State in 
Tahlequah. Many differences in playing experience will be 
represented in the study. Several of you have discussed the 
project with me face-to-face; however, I am now attempting 
to determine those that will actually be part of the study. 

With all work being performed by a physician, the study 
involves an investigation of the larynx of trumpeters as 
they play while using a fiberoptics laryngoscope inserted 
through the nasal cavity to view the larynx. Approximately 
3 millimeters in diameter, the scope is positioned above the 
larynx (voice box) , and allows for a clear view of the 
larynx while not impeding the ability of the player to play 
the instrument. Fiberoptic laryngoscopes are currently 
being used in voice and speech research. Some 
investigations have been done on woodwind players with the 
aid of this equipment; however, this study appears to be the 
first of its kind in investigating brass players. 

I have observed myself with the scope while playing the 
trumpet and will be happy to discuss the details of the 
procedure with you. It is important for you to know that a 
fiberoptics laryngoscope in no way has any medical effect on 
individuals and involves no medicine internally. A topical 
anesthetic is sprayed into the nasal cavity to provide 
maximum comfort for the subject during each performance. 
Enclosed you will find information concerning the goals of 
the study. Performance time will be approximately 10-15 
minutes. I think you will find the study extremely 
interesting and I hope you will participate in its progress. 

If you would like to participate as a subject in the study, 
please return the enclosed consent form and send it to me 
using the self-addressed envelope. If you have any 
questions, please feel free to call me collect at 
1-918-456-0176. Thank you for your consideration. 

Sincerely, 

Robert Bailey 
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UNIVERSITY OF NORTH TEXAS 
CONSENT FORM 

I am aware that the procedure for this study will include a 
set of exercises to be performed on the trumpet. Data 
collected from the procedure will determine the action 
occurring in the laryngeal area including the vocal folds 
during the performance of selected exercises on the trumpet. 
It has also been explained to me that a fiberoptics 
laryngoscope will be inserted through the nasal cavity and 
placed at the base of the pharynx in order to observe and 
record the action of the laryngeal area during each 
performance. 

In addition to the procedure mentioned above, it has also 
been explained to me that no reasonably foreseeable risks or 
discomforts will result from my participation in the study. 
Also, I realize that the study is being performed in order 
to ascertain additional pedagogical knowledge with regard to 
trumpet performance. I have been made aware of the fact 
that no alternative procedures will be pursued for my 
advantage; however, the procedure can be discontinued at any 
time according to my wishes. 

In the event it is necessary, Robert Bailey may be contacted 
at Northeastern State University, 1-918-456-0176, ext. 2703, 
Fine Arts building, room 108 with regard to any questions I 
might have concerning my rights. I hereby state that my 
participation in the study in question is voluntary and that 
I may refuse to participate at any time in the study with no 
penalty to me whatsoever. 

Signed this day of , 19 , in the 
presence 
of the witnesses whose signatures appear below. 

Signed: 

WITNESSES: * 
(signature & 

address) 

THIS PROJECT HAS BEEN REVIEWED BY THE UNIVERSITY OF NORTH 
TEXAS COMMITTEE FOR THE PROTECTION OF HUMAN SUBJECTS. 

•Witness signatures are required whenever the capacity of 
the subject to understand the description of the project 
and its associated risks is in question or when required by 
the IRB. 



127 

NORTHEASTERN STATE UNIVERSITY 
TAHLEQUAH, OK 

CONSENT FORM 

Procedure for this study will include a set of exercises to 
be played by each subject on the trumpet. Data collected 
from the procedure will determine the position and action of 
the vocal folds during the performance of selected exercises 
on the trumpet. With the aid of a video camera, a probe 
will be placed at the base of the pharynx to observe and 
record the position of action of the vocal folds during each 
performance. Once all subjects have played, the tapes will 
be observed in order to obtain data collected by the 
procedure. 

Further information is as follows: 

1. No interruption in normal respiration takes place, 
allowing each subject to breath freely while performing. 

2. Benefit to the subject will result in the possible 
discovery of data which may improve understanding 
regarding musical performance on the trumpet. 

3. In order to obtain the data necessary, a probe will be 
placed by a medical specialist through the nasal 
passage, into the pharynx and positioned above the vocal 
folds. The probe is a fiberoptic device the diameter of 
which is smaller than a pencil and is commonly used by 
Ear, Nose, and Throat specialists. 

4. Testing will last approximately 5-10 minutes. Each 
subject will be given the opportunity to practice the 
exercises prior to the testing period. 

5. Any questions you may have concerning this study will be 
answered. 

6. You may withdraw from the study at any time. 

7. Use of the data will not be associated with the 
subject's name. 

By my signature, I voluntarily consent to be a subject in 
this study. 

Subject's name 

Subject's signature 

Date: 

Investigator: Robert Bailey, 1-918-456-5511, ext. 2703 



PROFILE OF SUBJECTS 1 2 8 

NAME 
(last) (first) (M.I.) 

ADDRESS_ 
(street) (city & state) (zip code) 

HCME PHONE ASSIGNED SUBJECT NUMBER 

AGE SEX (M) (F) WEIGHT HEIGHT 
circle one 

YEARS OF PLAYING EXPERIENCE INCLUDING PUBLIC SCHOOL 

TYPE OF PLAYING YOU DO (check as many as are appropriate) 

Jazz/big band 
symphony 
solo 
commercial _ _ _ _ _ _ 
concert band/wind ensemble _ _ _ _ _ _ 
brass quintet 
marching band (students only) 
other (specify) 

FULL-TIME PROFESSIONAL PART-TIME STUDENT_ 

Present occupation 

OTHER INFORMATION THAT YOU THINK MIGHT BE IMPORTANT TO THIS STUDY. 

(medication, etc) 

List be lew the make, model and bore size of trumpets used as well as 
the brand and size of each mouthpiece used for each trumpet. 

Bb Trumpet Mouthpiece_ 
(make, model, bore size) (brand/size) 

Eb Trumpet Mouthpiece 
(make, model, bore size) (brand/size) 

Signature Date 
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Description code 

Epiglottis 

E 1 assumes a rear position (posterior) 

2 . . . forward position (anterior) 

3 flexes (or pulses) 

4 assumes a position between posterior and anterior 

Vocal folds/glottis 

G 1 assumes a slightly open position (adducted) 

(small glottis, medial edges of folds almost parallel 
to each other) 

2 . . . . a noticeably open position (abducted) 

(larger glottis than Gl, and medial edges of folds 
at an angle to each other). 

3 flexes (or pulses) 

Thyroid cartilage (movement) 

T 3 flexes (or pulses) 

0 not visible 

(to be used with any designation if appropriate) 
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Guidelines for Use of description code 

Epiglottis 

El'—assumes a rear position (posterior) 

use this designation only when the positioning of the 
epiglottis has completely obstructed the view of the 
vocal folds. 

E 2 — . . . forward position (anterior) 

use this designation when the positioning of the 
epiglottis allows for full or almost full view of the 
vocal folds. 

E3—flexes (or pulses) 

To use flex, movement of the epiglottis must exhibit 
a pronounced, rhythmic flexing activity which may 
temporarily obstruct half or all of the length of the 
vocal folds with each flex. Flexing should occur 
coincidentally with an audible sound pattern such as 
single-tonguing. If there is a slight flexing activity, 
use a 1, 2, or a 4 to indicate position. 

E4—assumes a position between posterior and anterior 

Use this designation when epiglottis appears to block 
the view of at least one-half of the length of the 
vocal folds; however, some portion of the vocal folds 
must be visible to use this designation. 

Vocal Folds 

G1—assumes a slightly open position (adducted) 

Use this designation when the medial edges of the 
folds appear to be parallel or almost parallel to each 
other. Dimension of glottis is very small. 

G 2 — . . . . a noticeably open position (abducted) 

This designation is used when medial edges of folds 
form an angle to each other and when the glottis is 
noticeably larger than that exhibited in Gl. 

G3—flexes (or pulses) 

Use when the slightest flexing activity is visible; 
however, when any note is started there is a certain 
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flexing activity exhibited by the vocal folds 
regardless of whether the note is long or short, using 
vibrato, etc., so please make an effort to describe 
what takes place during the exercise rather than 
describing "beginnings" of notes, (do not over-use 
"flex" in any group). When describing the single-
tongue task, the reader may describe the activity as it 
is observed during the beginning of the note. 

Thyroid Cartilage 

T3—flexes (or pulses) 

Use "flex" only if there is a pronounced rhythmic 
flexing activity of the thyroid cartilage. Activity 
should occur coincidentally with some audible sound 
pattern. This activity is best recognized by 
noticeable movement in any direction of the image on 
the monitor. 

0 — n o t visible 

Use if any structural activity is unobservable for any 
reason. 
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Illustrations of Description Code positions 

Epiglottis 

E 1 assumes a rear position (posterior) 
E 2 assumes a forward position (anterior) 
E 4 assumes a position between posterior and anterior 

Epiglottis 

a 
Epiglottis 

E 4 E 1 
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Illustrations of Description Code Positions 

Vocal Folds 

G 1 assumes a slightly open position (adducted) 

G 2 assumes a noticeably open position (abducted) 
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TABLE 1 

OBSERVER DESCRIPTION, SUBJECT ONE 
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TABLE 2 

OBSERVER DESCRIPTION, SUBJECT TWO 
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TABLE 3 

OBSERVER DESCRIPTION, SUBJECT THREE 

>1 4J > 

CO 
in 
CM 

01 

D < 
u 

H n# * u 01 
cn r-i 
c a 
>» -U 
u o 
<0 B 

M 

CO 

0) XI 
E 3 
2 

0) u c 
ra 
6 

o 
MM) J3 U SJ o 

w a* 

o a 

u fll U 
*D 
H ̂  
O > U *»H -C U 4i nj 

CM 

CM 

CM 

CM 

CM 

CM 

CM CM 

CM 

3 CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM CM 

CO 

00 

CO 

00 

CO 

CO 

CO 

CO 

CO 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

ca 
u 
D H W 
cn c 
'HI TJ 
C 
at a c/i ai 

t/i u 3 
-4 W 
O* C •H T> C 01 o t/l <o 

oo 

oo 

co 

CM 

CM 

CM 

o* c '*4 T3 
c 

Of 0 01 a» 

oo 

co 

oo 

CM 

CM 

CM 

CM 

CM 

CM CM 

CM 

CM 

CM 

CM 

u M 

D 0 ) 

r-i 4J to t/l 
A cn 

0 ) 

r-| u 
O* u 
C 0* * H 04 T3 A 

C • 
01 X u a» w e 
<0 3 

o 
> 

3E 

O 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

OO 

CO 

oo 

CM 

CM 

CM 

U M 0) a> «U -U (A W •H cn cn o» 4» M u 

U 2 0 O a, 'H a 
• 0) \ £ 
Oi • e 
3 O > o 
> * 

o 
J C 

Or* 
- H 

X ; 

• • 

r-i < N 

—« 

U 01 
Q> r-i J-i IQ to U 

•H « 
cn 

o 
M •H 

JJ 
* <a 
O 6 

"H O 
u 

Of JC E u 
3 r-| cn 
o c 
> •H 

TJ 
J2 c 
cn 0/ •«-» o 

X U) 
o 

• . 
m 



1 3 8 

T A B L E 4 
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TABLE 5 

OBSERVER DESCRIPTION, SUBJECT FIVE 
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T A B L E 6 

O B S E R V E R D E S C R I P T I O N , S U B J E C T S I X 
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TABLE 10 

OBSERVER DESCRIPTION, SUBJECT TEN 
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TABLE 11 

SOUND VOLUME INCREASE 

Epiglottis vocal folds thyroid cartilage 

Observer 
1 2 3 l 2 3 1 , 2 3 

Subject 1 
2 2 2 2 2 2 

2 
0 2 0 0 0 0 

3 . 

2 2 2 2 2 2 
A 

2 2 2 2 2 i 2 
5 

4 4 2 2 2 2 
6 

2 2 2 2 1 2 
7 

2 2 2 2 2 2 
8 

4 4 4 1 1 1 
9 

4 4 4 2 1 2 
10 

2 2 2 2 2 2 

TABLE 12 

SOUND VOLUME DECREASE 

Epiglottis vocal folds thyroid cartilage 

Observer 
. 1 2 3 1 2 3 1 2 3 

Subject 1 
2 2 2 1 1 1 

2 
2 2 2 i 2 

3 . 
2 2 2 2 2 

4 

2 2 2 1 1 1 
5 

4 4 2 2 2 1 
6 

2 2 2 1 1 
7 

2 2 2 2 2 1 
8 

4 4 4 1 1 1 
9 

2 2 4 1 1 1 
10 

2 2 2 1 1 | 1 



TABLE 13 

NO VIBRATO 

146 

Epiglottis vocal folds thyroid cartilage 

Observer 1 2 3 l 2 3 l 2 ' 3 

Subject 1 
2 2 2 1 1 1 

2 

2 2 2 1 2 1 
3 . 

2 2 2 2 2 2 
4 

2 2 2 1 2 1 
5 

2 4 2 2 2 2 
6 

2 2 2 2 2 ' 1 
7 

2 2 2 1 2 1 
8 

1 1 1 0 0 0 
9 

4 4 4 1 1 1 1 
10 

2 2 2 1 2 1 

TABLE 14 

VIBRATO 

Epiglottis vocal folds thyroid cartilage 

Observer 1 2 3 1 2 3 
• 

2 3 

Subject 1 
2 2 2 3 3 3 

2 
2 3 2 3 3 3 

3 . 

2 2 2 2 2 3 
4 

2 ! 2 2 1 2 1 
5 

2 3 2 3 3 3 
6 

2 2 2 2 2 2 
7 

2 2 2 3 3 3 
8 

3 3 3 1 1 1 
9 

2 2 4 1 1 1 
10 

2 2 2 3 3 3 



TABLE 15 

SINGLE-TONGUING 

147 

Epiglottis vocal folds thyroid cartilage 

Observer , 1 2 3 l 2 3 1 2 3 

Subject l 
3 3 3 0 0 0 3 3 

2 
0 0 0 0 0 0 

3 . 
2 2 2 3 3 3 

4 
2 2 2 3 3 3 

5 
3 3 3 3 3 3 

6 
2 2 2 3 3 3 3 3 

7 
3 3 2 3 3 3 

8 
3 3 4 3 3 3 

9 
3 3 3 3 3 3 

10 
2 2 3 3 3 3 3 3 3 

TABLE 16 

STEP-WISE DESCENDING SLURS 

Epiglottis vocal folds thyroid cartilage 

Observer 1 2 3 1 2 3 1 2 3 

Subject l 
3 3 3 3 3 3 

2 
2 2 2 3 3 3 . 

3 . 
2 2 2 3 3 3 

4 
2 2 2 3 3 3 

5 

3 3 2 3 3 3 
6 

2 2 2 1 1 1 3 3 3 
7 

2 2 2 3 3 3 3 8 
2 2 2 3 3 3 

9 
2 2 2 3 3 3 

10 
2 2 2 3 3 3 ' 
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TABLE 17 

STEP-WISE ASCENDING SLURS 

Epiglottis vocal folds thyroid cartilage 

Observer 1 2 3 l 2 3 l 2 3 

Subject 1 
3 3 3 3 3 3 

2 
2 2 1 2 3 3 3 

3 
2 2 2 3 3 3 

4 
2 2 2 3 3 3 

5 
3 3 2 3 3 3 

6 
2 4 2 1 1 ' 1 

7 
2 2 2 3 3 3 3 

8 
2 2 2 3 3 3 

9 
2 2 4 3 3 3 

10 
2 2 2 3 3 3 3 ' 

TABLE 18 

DESCENDING LIP SLURS 

Epiglottis vocal folds thyroid cartilage 

Observer 1 2 3 1 2 3 l 2 3 

Subject 1 
3 3 3 3 3 3 3 3 3 

2 
2 2 2 3 3 3 

3 
2 2 2 3 3 3 

4 
2 3 2 3 ' 3 i 3 

5 
3 3 3 3 3 3 

6 
2 2 2 1 1 1 3 3 3 

7 

3 3 2 3 3 3 3 
8 

2 3 2 3 3 2 
9 

4 4 4 3 3 3 3 
10 

2 2 2 3 3 3 



TABLE 19 

ASCENDING L I P SLURS 

149 

Epiglottis vocal folds thyroid cartilage 

Observer . 1 2 3 l 2 3 1 2 3 

Subject X 
3 3 3 0 0 3 

2 
2 2 2 3 3 3 

3 
2 2 2 3 3 3 

4 
2 2 2 3 3 3 3 

5 
3 3 2 3 3 3 

6 
1 1 1 3 3 3 

7 
2 2 2 3 3 3 3 

8 
2 2 2 3 3 3 

9 
2 2 2 3 3 3 3 3 3 

10 
2 2 2 3 3 ) 3 3 3 

TABLE 20 

LOW SOUND VOLUME/UPPER REGISTER NOTE 

Epiglottis vocal folds thyroid cartilage 

Observer , 1 
• ' 1 3 • l 2 3 1 2 3 

Subject 1 
2 2 2 1 1 1 

2 
2 2 2 2 2 

3 . 
2 2 2 2 2 

4 
2 2 2 1 1 1 1 

5 
2 2 2 2 2 

6 
2 4 4 1 1 1 

7 
2 2 2 1 1 1 

8 
4 4 1 0 0 

9 
2 I 2 1 1 1 10 
2 2 2 1 1 1 ' 
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TABLE 2 1 

HIGH SOUND VOLUME/UPPER REGISTER NOTE 

Epiglottis vocal folds thyroid cartilage 

Observer , 1 2 3 l 2 3 l 2 3 

Subject 1 
2 2 2 2 2 2 

2 
2 2 2 1 1 2 

3 
2 2 2 2 2 2 

4 
2 2 2 2 2 2 

5 
2 2 2 1 1 1 

6 
2 4 2 1 1 ' 1 

7 
2 2 2 2 2 2 

8 
2 2 2 1 1 1 

9 
2 2 4 2 1 2 

10 
2 2 2 ' 1 1 1 

TABLE 2 2 

LOW SOUND VOLUME/LOW REGISTER NOTE 

Epiglottis vocal folds thyroid cartilage 

Observer 1 2 3 l 2 3 
• 1 • 

2 3 

subjec t 1 
4 4 2 1 1 1 

2 
2 2 2 2 2 2 . 

3 . 
2 2 2 2 2 2 

4 
2 2 2 1 1 1 

5 
1 1 1 0 0 0 

6 
2 2 1 1 1 1 

7 
4 4 4 1 1 1 

8 

2 Z 2 1 1 1 
9 

2 2 2 1 1 1 
10 

2 2 2 1 1 1 
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TABLE 23 

HIGH SOUND VOLUME/LOW REGISTER NOTE 

Epiglottis vocal folds thyroid cartilage 

Observer 1 2 3 l 2 3 1 , 2 3 

Subject 1 
2 2 2 2 2 2 

2 
2 2 2 1 1 1 

3 
2 2 2 2 2 2 

4 
2 2 2 2 2 2 1 

5 
2 4 2 1 1 1 

6 
2 2 2 1 1' 1 

7 
2 2 2 2 2 1 

8 
2 2 2 1 1 1 

9 
4 4 4 2 2 2 

10 
2 2 2 2 1 2 1 2 

TABLE 24 

DESCENDING CHROMATIC SCALE 

Epiglottis vocal folds thyroid cartilage 

Observer , 1 2 3 i. l 2 a i l 2 ' 3 

Subject 1 
4 4 2 3 3 3 

2 
0 0 0 3 3 3 . 

3 . 
2 2 2 3 3 3 

4 
2 2 2 3 3 3 

5 
2 2 2 3 3 3 

6 
2 2 2 1 3 1 

7 
2 2 2 3 3 3 

e 
2 2 2 3 3 3 

9 
2 2 2 3 3 3 

10 
2 2 2 3 3 3 



TABLE 25 

OBSERVER DESCRIPTION FORM 
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Laryngeal Activity 

Subject Number Total Performance Time 

Performance version C Observer number 

epiglottis i vocal folds thyroid cartilage 
activity 

i. Volume increase 
E G T 

2. Volume decrease 

3. no vibrato 

4. vibrato 

5. single tongue 

6. step-wise descending and 

7. ascending slurs 

8. descending lip slur 

9. ascending lip slur 

10. low volume/upper register 

11. high volume/upper register 

12. low volume/low register 

13. high volume/low register 

14. descending chromatic scale 
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