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PREFACE 
 
 
The first seeds for this monograph were 

sown about 35 years ago, during a personal 
experience which most practicing orthopaedic 
surgeons will recognize quite easily. A high-school 
lad had just fractured his right wrist and required a 
cast for proper treatment of his injury. As I began 
to apply the cast, he stated, in a somewhat anxious 
manner, that he was scheduled to participate in a 
state-wide band contest later that week and 
needed the use of that hand to play his baritone 
saxophone. The question immediately arose: how 
best to position the boy’s injured hand and wrist 
to facilitate his musical performance while at the 
same time providing adequate protection for an 
undisplaced radius fracture? As one who had 
played the baritone saxophone for 18 years, I 
knew what must be done to achieve both goals. 
Without difficulty I applied the cast to immobilize 
his wrist in the proper position, both 
orthopaedically and musically. This young patient 
subsequently did play his saxophone well in the 
contest, and the wrist fracture healed without 
incident or complication. 
 From this experience I realized that not 
everyone who treats musicians and their 
musculoskeletal problems realizes the physical 
differences among the various instruments and 
the multitude of specific positions and forces 
which are needed to play them correctly. This 
realization led to the concept of documenting the 
variety of positions and motions which are 
required to play musical instruments; the results 
would serve as one method of addressing this 
information gap. The concentration of my 
research efforts on wind instruments, rather than 
on members of the string, keyboard or percussion 
families, was due first to my experience as a 
musician since elementary school, having played a 
variety of instruments with both single and double 
reeds as well as the brass winds.  
 
 
 
 
 
 
 
 
 

 
  
 A second and even more important 
consideration was the relative simplicity and 
economy of measuring the motions needed to 
play wind instruments, as compared with the 
more global upper extremity motions which are 
required for most others. 
 A wide spectrum of healthcare professionals 
may benefit from the data contained in these 
pages. Anyone who cares for hand and upper 
extremity problems in instrumental musicians and 
who assists in their rehabilitation will find the data 
on motions and forces quite helpful. The 
information in these chapters should be useful to 
both physical and occupational therapists, as well 
as orthopaedic and hand surgeons, physiatrists, 
neurologists, and all others who are active in the 
field of performing arts medicine. 
 The material presented herein is not intended 
to serve as a complete solution for all upper 
extremity problems of wind performers; rather, it 
should be considered as one facet of a 
comprehensive approach to treatment and 
rehabilitation—both medical and musical—
designed to restore performance capability from a 
physical standpoint. For readers interested in 
other aspects of this complex and fascinating 
problem, the list of references will provide a 
useful basis for further study. 
 
 
           William J. Dawson, M.D. 
           Glenview, Illinois 
           April 2006
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CHAPTER 1 
 
 

ABOUT MUSICIANS’ PROBLEMS 
 

 
 

 Playing a musical instrument involves an 
incredibly complex series of physical actions. It is 
extremely difficult to attempt to separate the act 
of musical performance into its specific 
mechanical and physiologic components; they are 
multiple in number, overlapping in scope and 
frequently differ from one instrument to another. 
A partial list of these components might begin 
with a description of the myriad anatomic 
positions and muscular forces which are necessary 
to hold or support a musical instrument. 
Secondly, the rapid and often endlessly repetitive 
motions required to play various musical passages 
are dependent upon the nature of the instrument 
and its sound-producing mechanism, and are 
performed primarily by the upper extremities 
(although most percussionists and organists would 
take exception with this statement). Wind 
instrumentalists, in contrast to string or keyboard 
performers, must incorporate an additional variety 
of specialized oral and respiratory manipulations, 
since sounds from these instruments are produced 
by the movement of an air column which is 
instituted by the musician’s own breathing 
apparatus.  
 Playing an instrument well, and with artistic 
flair, magnifies the difficulty and complexity of 
these physical actions, and introduces a spectrum 
of neurologic activity far beyond the basics of 
mere neuromuscular control of the instrument.  
The artistic component of musicianship is most 
difficult to define, measure or otherwise 
document, and it comprises a broad spectrum of 
qualities and capabilities which can differ greatly 
from one musician to another both in degree and 
in expression. The spectrum of these artistic 
qualities which characterizes a guitarist in a rock 
band may be quite different from that of a 
symphony oboist. 
 Physical conditions or problems which affect 
any of the above systems or their activities can 
have a profound effect on the making of music, 
whether performing in concert or playing for 
personal enjoyment. The disabilities which these  

 
 
conditions may produce will affect the quality 
andquantity of musical performance and often can 
be a serious threat to a person’s continued musical 
pursuit (whether as a paid profession or as a 
serious avocation). There are several groups of 
medical conditions which can produce such 
disabilities.1 “Overuse” problems most often are 
caused by excessive or improper playing of one’s 
instrument and include such conditions as strains 
of muscles and tendons, inflammation or 
tendinitis, tenosynovitis in its many clinical 
presentations, and occasionally nerve 
compressions and focal dystonias. The mature 
performer may develop a variety of degenerative 
or arthritic problems, Dupuytren’s contracture, 
ganglia or tumors. Trauma or physical injury 
usually is caused by factors outside of music but 
on occasion may produce a direct and occasionally 
disastrous effect on musical performance.2 Its 
sequelae may interfere greatly, and sometimes 
permanently, with the physical demands, 
capabilities and precision of performance. 
Recovery and rehabilitation, both medical and 
musical, from these disabilities can be difficult, 
prolonged and, occasionally, incomplete; for some 
instrumentalists what at first seems to be an 
apparently “minor” change or loss of function 
may herald the end of a musical avocation or 
career. 
 Until quite recently the injured musician 
usually was forced to suffer in silence. The 
admission of illness or physical disability was 
viewed as a threat to one’s employability, since 
every performer was expected to play at 100 
percent capacity at all times, and there was always 
a waiting list of healthy musicians eager to fill the 
empty chair. In addition, only a few physicians 
were knowledgeable about the special problems 
and needs of musicians, and there was very little 
information in the medical literature to help them 
care for such a specialized occupational 
population. However, in the past twenty years, the  
field of performing arts medicine has come into 
being and has expanded worldwide into a full- 
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fledged occupational medical specialty. Not only 
have full-service performing arts clinics been 
established in more than 25 cities in the United 
States alone, but also numerous individual 
physicians, many of them musicians or dancers 
themselves, have become skilled and experienced 
in this specialized discipline. The physicians, 
therapists and other health professionals who 
have dedicated themselves to caring for musicians, 
dancers and actors now offer these performers 
sympathetic awareness and increasingly precise 
knowledge of their special difficulties and 
requirements. These arts-medicine professionals 
also possess the scientific and technical skills 
required for the diagnosis, treatment, 
rehabilitation and prevention of many of the 
disabilities affecting performers. Injury, whether 
or not caused by the making of music, now has 
become a respectable topic for discussion and 
action by musicians of all degrees of skill and 
involvement, and its artistic and economic 
significance has gained increasing recognition by 
artists’ unions and by administrators of many 
performing organizations worldwide.   
 When a physical problem affects an 
instrumentalist and his/her performance, that 
person usually seeks treatment. However, even 
successful treatment may produce some unwanted 
secondary difficulties. Patients with overuse-
related conditions, especially those involving the 
hand and upper extremity, often discover that 
disuse or prolonged therapeutic rest from musical 
activities has caused a loss of normal 
musculotendinous flexibility, strength and 
endurance. The older musician may notice 
residual joint stiffness after the initial treatment of 
an overuse problem has been completed. Injuries 
not caused by music, especially such traumatic 
conditions as fractures or lacerations, can produce 
chronic changes due to scarring, loss of tendon 
gliding, post-fracture joint contractures or pain at 
the site of injury. On the occasions when surgical 
treatment becomes necessary 3 for the care of 
traumatic or other problems (such as nerve 
compressions), these secondary changes can be 
magnified and compounded. I have found that 
virtually all performers who experience any of 
these difficulties require varying degrees of 
rehabilitation, both medical and musical, to 
restore them to a pre-injury level of physical 
capability prior to resuming actual musical 
performance.  

 
 
 
 Performing arts medicine, however, does not 
yet have all the answers for these patients. The 
specialty continues to develop and evolve, as 
witnessed by the increasing number of seminars, 
symposia and other continuing medical education 
courses in this discipline offered each year. The 
journal Medical Problems of Performing Artists, 
devoted to the subject of arts medicine, currently 
is being published in the United States, and a 
number of recent texts and book chapters have 
addressed in varying degrees the subject of 
instrumental musicians’ unique problems.4-7  

However, much more remains to be done in the 
way of basic and clinical research in a multitude of 
related topics. For example, few standards 
currently exist regarding the physical requirements 
for playing a musical instrument,8-15 and much 
previous knowledge of this subject has depended 
upon anecdotal information and case studies.16-19 
Musical rehabilitation as a part of treatment has 
been addressed by very few authors.20-21 Several 
standard texts on occupational medicine and 
rehabilitation offer very little in the way of special 
information about the performing artist’s 
problems.4,22-23   
 This monograph concentrates on the ranges 
of upper extremity motion in wind musicians as 
they play their instruments and on some of the 
mechanical and ergonomic aspects of instrumental 
performance. It addresses only these two facets of 
the larger problem—that of providing pertinent 
and useful information to those specialists who 
care for the physical difficulties and problems 
affecting instrumentalists. Information on other 
aspects of this subject is available, however. A 
number of authors have reported on such varied 
topics as the biomechanics involved in playing 
specific instruments,24-33 the emotional aspects of 
performance-related problems 34-35 and other 
parameters such as finger dexterity.36   
 It is my intent to provide those who care for 
instrumentalists with some useful information in 
one important area of rehabilitation: defining 
some of the basic physical and biomechanical 
requirements for playing a variety of wind 
instruments. This monograph reports the results 
of a research study dealing with the motions of 
musical performance, as well as my documented 
clinical experience over the past 35 years in caring 
for almost 1400 such performers with hand and 
upper extremity difficulties. The data contained 
herein should be considered as a set of minimum  
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physical standards for playing each instrument. 
This knowledge should be especially useful to 
those health professionals who endeavor to 
restore an injured instrumentalist to a pre-injury 
level of function, both clinical and musical. The 
topics of applied forces and neurological control 
of rapid and repetitive motions are not addressed 
in this report; they properly are the subjects of 
other studies, whether already published or yet to 
be performed. It is my hope that this publication 
also will interest and encourage other individuals 
to become involved in these important areas of 
performing arts medicine research. Many more 
investigations are needed to provide greater 
understanding of the components of musical 
performance; these might include measurements 
of body motions required to play other classes of 
musical instruments, and determination of the 
variety and extent of physical forces needed to 
play all types of instruments. 
 The number of musicians awaiting our 
increased expertise is large. There are more than  
165,000 professional instrumentalists in the 
United States alone and approximately 20,000 
students enrolled in American collegiate and 
conservatory music programs. In addition, an 
estimated 60,000,000 amateur instrumentalists are 
playing actively in the U.S. today, including more 
than 100,000 members of community bands and 
many more thousands in the academic music 
programs of our primary and secondary schools. 
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CHAPTER 2 
 
 

MATERIALS AND METHODS 
 
 

Playing a musical instrument involves 
bodily movement – it is not a static activity. From 
the comparatively compact finger motions needed 
to depress the keys of a clarinet to the more global 

motions of hands and arms while bowing a 
stringed instrument or beating out a jazz solo on a 

set of trap drums, musical performance is 
physical. We must be aware not only of those 

postures and movements involved in picking up 
and supporting an instrument, or sitting/standing 
in front of it, but also of the specific and precise 
motions needed to move the various keys, valves, 
slides, sticks and other devices required to change 
the pitch of the sound (playing different musical 
notes) or to produce percussive sounds. Playing 
different musical instruments requires different 
ranges of joint motion; also, no two people will 

play the same instrument using precisely the same 
physical actions. In addition, various types of 

music may require the performer to play a given 
instrument in different fashions to produce the 

specific sounds required by the composer. 
 Determining the basic movements needed to 
play any instrument requires evaluating the 
postures of many individual joints and body 
segments, and at the very least must include two 
measurements of each joint position. The first 
measurement describes the static position taken 
just prior to production of the first musical sound; 
the second documents the position(s) to which 
each joint is moved as the entire musical and 
artistic range of the instrument is played. In a 
number of instances, multiple measurements may 
be needed to define the complete functional 
ranges of joint movement for each instrument; 
more will be said about these conditions later in 
the chapter. 
Because of the physical differences in performers 
and their often unique mechanics of making 
music, the study necessitated the taking of 
measurements on multiple subjects to determine 
average or representative values. A minimum of 
ten skilled, actively performing musicians were 
recruited for each instrument to be evaluated, and  
 
 

 
 
the measurements taken for each joint position 
were averaged to obtain mean values. Those 
recruited included instrumental music teachers 
and educators, school and municipal band 
directors, university and conservatory music 
majors, other skilled collegiate instrumentalists, 
and a variety of other professional and highly 
experienced amateur musicians. Each of these 
individuals had played his or her instrument for a 
minimum of six years or had played a closely 
related one for at least six years prior to beginning 
to play the test instrument; many of the subjects 
had more than 30 years’ performance experience, 
often on a variety of instruments. 
 Each musician was interviewed, and basic 
demographic data (age, height, years of playing 
and model of instrument) were recorded. Next, 
goniometric measurements of all joints in the 
upper extremity were taken during the preparation 
for, and playing of, standard musical repertoire on 
the instrument. The choice of playing while seated 
or standing was the musician’s own, and 
depended upon individual preference, custom or 
comfort. In general, performers who concentrated 
on solo repertoire were more likely to play 
standing, while those more involved in ensembles 
(chamber music, orchestra or band) preferred to 
play seated.  With the exception of the tuba, all 
instruments could be played comfortably in either 
position, and, with the exception of the trombone, 
measurements of the upper extremity joints were 
found to be essentially the same, despite a 
difference in position. The performer was asked 
to demonstrate the full musical capabilities of the 
instrument, which often necessitated maximal 
ranges of extremity movement; the music utilized 
was characteristic for that instrument, included 
both simple and complex patterns of notes, and 
was played in all degrees of volume (dynamics) 
and speed (tempo). No attempt was made on the 
examiner’s part to modify the musician’s 
techniques or to make him or her aware of any 
individual differences from those who were 
examined previously. The same examiner 
performed all the measurements needed for every  
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instrumentalist, thus avoiding data collection 
errors which are inherent in the use of multiple 
investigators. 
 A number of variables affected the accuracy 
and reliability of the data. Although all 
instruments of any one type are essentially the 
same size and shape (except for tubas — this will  
be covered in detail in Chapter 12), specific 
models of some instruments varied in the 
number, size and placement of keys, valves and 
tuning slides. Consequently, a minor variation in 
weight also was noted among the various models. 
In general, these instrument-dependent variations 
required only small changes in positions of the 
upper extremities and did not produce any 
significant effects on the overall averages of joint 
motions. However, differences in the type of keys 
employed on some instrument models produced a 
direct effect on the precision of finger or hand 
placement while playing certain notes; these 
variations will be discussed in detail for each 
specific instrument in its appropriate chapter. 
 The size of the musician’s hand obviously 
was a determinant in the total range of finger joint 
motions, and this variation proved to be 
significant for some instruments. A person with a 
large hand requires greater finger joint flexion 
than one with a small hand to hold a small 
diameter cylindrical object, such as an instrument 
barrel; conversely, less finger joint extension is 
needed to hold an object with a larger diameter. 
When an instrument’s keys are separated widely 
from one another, as in the case of large 
woodwinds such as the bassoon or lower-voiced 
clarinets and saxophones, the person with a larger 
hand (usually possessing longer fingers and a 
wider functional spread between them) will 
require less finger abduction at the metacarpo-
phalangeal joints to reach the keys effectively.   
 Similarly, the total length of the upper limbs 
differed among the musicians measured, but not 
greatly enough to affect the overall average ranges 
of position or movement. As an example, all ten 
trombonists required full extension of their right 
elbow to reach the seventh, or most distant, 
position on the instrument’s slide; this finding was 
true whether the performer’s height was 155 cm 
or 188 cm, the minimum and maximum for the 
group. Both anthropometric parameters of hand 
size and upper limb length were reasonably 
proportionate to the individual’s body height, and  
 

 
 
 
for this reason height was one of the items 
recorded. None of the musicians examined on any 
instrument, however, was under the 10th 
percentile in height for adults, nor over the 90th.   
 Some specific physical conditions also must 
be considered in the evaluation and understanding 
of these data. It is recognized that 5 to 8 percent 
of the general population possesses some degree 
of congenital laxity in their ligaments, a condition 
known as benign hypermobility syndrome; the same, or 
increased, prevalence of this condition has been 
noted in various study groups of instrumental 
musicians.37-41 The examiner found a number of 
hypermobile performers during his measurement 
of finger motions, and recognized several patterns 
of finger use which seemed to be a specific 
reflection of the performer’s ligamentous laxity.  
Those instrumentalists possessing joint 
hypermobility demonstrated significant degrees of 
hyperextension in a variety of finger joints during 
their evaluation. These patterns were considered 
normal by and for the musicians so affected, and 
values for their involved joints were included in 
the data without special weighting for the 
prevalence of hypermobility. The measured 
averages of the involved joints were naturally 
larger than if these performers were excluded 
from the study. 
 Variation in motions also was related to the 
individual’s own music education—how they were 
taught to play the instrument. The great variety of 
both instructional philosophies and methods, and 
of the performers’ subsequent playing techniques, 
was reflected in the wide spectrum of static 
positions (especially seen with the French horn 
and oboe) and movement patterns (especially with 
the French horn and tuba) which was observed. 
In most cases the instrumentalists had taken 
lessons from several teachers, and their techniques 
employed at the time of measurement were very 
likely a composite of those previously learned 
patterns and of current playing methods which 
they found to be effective. These findings 
reinforced the author’s view that there are many 
appropriate and artistic ways to play any given 
instrument. 
 Strictly speaking, only a basic minimum 
range of joint motion is really needed to produce 
musical notes on most instruments. However, this 
minimum does not truly reflect the degree of 
bodily activity observed in the many serious  
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instrumentalists who consider themselves 
“performers,” those artists who express more of 
their inner feelings through their interpretation of 
the composers’ written notes. The bodily 
movements of many performers who “feel the 
music” as they play are naturally larger in scope 
than those of the person who plays only the notes 
as written. The ranges of joint motion measured 
in this study reflect to a great degree the 
instrumentalists’ individual approaches to the 
examiner’s request to demonstrate their 
performance skills and techniques. 
 Another important factor in evaluating these 
data is the variability of hand functions observed 
in some instrumentalists during repetitive playing 
of a single musical passage or series of notes. 
Ranges of joint motion were found to vary with 
the speed of the music; faster tempos led to wider 
ranges of finger motion in woodwind and brass 
instrumentalists alike. The physical reason for this 
phenomenon is yet to be defined.  In addition, 
musicians performing multiple repetitions of the 
same passage at the same tempo also 
demonstrated varying arcs of hand and finger 
motion. This phenomenon was observed on 
several occasions and likely was due to a number 
of causes (most of which cannot be validated 
scientifically, since factors such as fatigue and 
changes in the performer’s concentration level are 
difficult or impossible to quantify). 
 Most of the complexities of joint 
measurement centered about the shoulder. This 
situation was to be expected because of the 
multiple arcs of motion present in the shoulder, 
the number of different joints involved in 
shoulder girdle movements and the difficulty in 
precisely determining and describing all these 
motions. Data for this anatomic region, therefore, 
were confined to the glenohumeral joint, with the 
addition only of scapulothoracic protraction or 
retraction. Although postures of the cervical and 
thoracic spine possibly may have affected the 
position of shoulder girdle components during the 
holding or playing of certain instruments, these 
parameters were not measured because of the 
wide individual variation seen in the test subjects 
and to the lack of accuracy in performing such 
measurements. 
 A special variation in hand motions occurred 
in most woodwind instrumentalists. The 
arrangement and placement of the keys along the  
 

 
 
length of these instruments requires certain digits 
to work multiple keys, often several at once. The 
beginning position for a digit with this 
requirement often was found to be somewhere 
within a cluster of keys, and subsequent 
movements occurred in various directions from 
this position to reach all the keys in the cluster. 
Under these circumstances the required range of 
digital motion was determined to be the sum of 
travel in opposite directions from the static 
position (i.e., flexion plus extension, or abduction 
plus adduction). If each individual motion were to 
be described separately, the data for these 
instruments would become far too cumbersome 
to use.  
 When evaluating the combined ranges of 
digital motion in any one performer, or in the 
entire group, it was deemed invalid to “average 
out” the total digital arcs. Each specified joint 
motion must stand alone, since larger values in 
one cannot necessarily make up for deficits in 
another. Unlike the simple arcs of flexion and 
extension necessary to actuate the valves of a 
brass instrument such as the trumpet or tuba, the 
woodwind instrumentalist’s fingers must move as 
part of a composite action of the entire upper 
extremity, with a wide individual variation 
demonstrated in many specific ranges of joint 
motion.  
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CHAPTER 3 
 
 

USING THESE TABLES 
  
 
 The results of measurements for each 
instrument are detailed in a separate chapter 
dedicated to that instrument (and to closely 
associated “family” instruments, where necessary 
or useful). Each set of measurement data is 
accompanied by photographs of the individual 
instrument as it is typically held and played. Each 
chapter also contains a discussion of the 
instrument’s basic structure and mechanics, the 
unique postures and forces needed to support it, 
and amplified details regarding the ranges of 
upper extremity motion necessary to play it; 
variations in the techniques and patterns of 
playing also will be described and, when possible, 
explained. As I mentioned earlier, variations in 
size and weight among different models of each 
instrument reflected such factors as instrument 
design and the number and placement of keys, 
slides or valves. The figures given in each chapter 
are for the models of each instrument which are 
played most commonly. For the reader’s 
convenience, separate tables of data for right and 
left upper extremity measurements for each 
instrument will appear on succeeding pagesat the 
chapter’s end. Each chapter is written and 
intended to stand alone as a source of information 
about a specific instrument or family of 
instruments. Of necessity, some of the 
information in any given chapter will be 
duplicated in chapters about other instruments, 
but this method of presentation will allow the user 
to obtain all the necessary data pertaining to a 
specific instrument and related musical family 
members in a single location. 
 The reader need not be a musician to 
understand and use the information contained 
herein. Most musical terms are defined in non-
musical language and often are explained in 
greater depth for better understanding. In 
addition, a glossary of terms is included, located at 
the end of this monograph. During evaluation and 
treatment, the musician frequently may clarify 
other areas of confusion and usually is eager to 
assist in his/her rehabilitation through these 
explanations.   

 While the photographs of the various 
instruments are intended to assist the health 
professional in understanding the static positions 
required of the instrumentalist, they should not be 
considered as the only necessary “visual aid.” It is 
essential for the examiner or therapist to see and 
evaluate all musician patients with the 
instrument(s) upon which they usually perform. 
Simply observing the specific instrument while it 
is held and played often provides a greater 
understanding of many technical details and 
terms, and can assist in utilizing the numerical 
data provided in each chapter.  

Each upper extremity joint and all ranges 
of joint motion are described according to 
standards set and accepted by the American 
Academy of Orthopaedic Surgeons and the 
American Society for Surgery of the Hand.42-43 
The primary exception to this is the author’s 
inclusion of pronation under the heading of 
elbow, not forearm. Since that movement involves 
both the elbow and the wrist, only the former 
joint was chosen in an attempt to minimize 
confusion and duplication.  

Changes in nomenclature and usage 
during the past decade provide us with a more 
precise description of the motions of the thumb 
carpometacarpal joint; these deserve some 
clarification for the reader. Abduction of the 
thumb carpometacarpal joint is now described as 
“palmar abduction” and is measured from the 
zero degree position with the thumb touching the 
radial side of the palm. Pure adduction of that 
joint from zero is impossible, unless it is 
accompanied by functional extension. Extension 
of the carpometacarpal joint is described in 
negative degrees of flexion in all tables, but in 
current terminology this motion is called “radial 
abduction.” 
 Negative numbers denote movement in the 
direction opposite to that which is listed, i.e., 
pronation of -30 degrees actually describes 
supination of 30 degrees. The only terminological 
exception to this convention is that of radial 
abduction substituting for thumb carpometacarpal  
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extension (see paragraph above). In a similar 
manner, hyperextension of a finger joint is 
described in negative degrees of flexion. The 
accuracy of the goniometers used for 
measurements of both large and small joints was 
within 5 degrees; the values of joint motions listed 
in the following tables are therefore given in 
multiples of 5. Mean values of these measure-
ments are accurate to a single digit and are 
presented in that manner. 
 
Abbreviations for the names of the hand joints 
include:  
  CMC  =  Carpometacarpal 
  MP     =  Metacarpophalangeal  
       PIP     =  Proximal interphalangeal 
  DIP    =  Distal interphalangeal 
 
The digits are numbered in Roman numerals, I 
through V: 
  I     =  Thumb 
  II    =  Index  
  III   =  Long 
  IV   =  Ring 
  V    =  Little 
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CHAPTER 4 
 
 

FLUTE 
 
 
INSTRUMENT DESIGN 

 The C flute is 67.5 cm (26.5 in) in length; on 
those models equipped with a low B key, an 
additional 4.0 cm (1.6 in) of tubing is added to the 
right end of the instrument. It is constructed of 
metal, including various alloys, silver or gold; the 
usual weight of an alloy or silver model is about 
426 gm (15 oz).   
 The length of the flute’s air column is 
changed by opening and closing a series of holes 
located along the barrel, thus producing different 
pitches or musical notes. Each hole is covered by 
a metal key. The keys which lie under the flutist’s 
fingertips are of two types: some have solid metal 
covers with a soft pad to seal the hole effectively, 
and some have a central opening which requires a 
very precise finger placement to cover. It follows 
that the closed hole design allows more flexibility 
(or less precision) in finger motions to achieve full 
closure for satisfactory tone production. Some 
keys are depressed directly by the performer’s 
fingers, while others are worked from a distance 
through a series of articulated levers. 
 Although the instrument’s barrel is straight 
(tubular) and the holes usually are drilled in a 
straight line (the in-line design), some models are 
different. The tips of our fingers, when flexed 
slightly, form an arc and not a straight line; the in-
line design therefore places certain additional 
stresses on the digits when they must operate the 
keys in a fast, fluid manner. The left hand is more 
subject to these stresses because of the marked 
radial deviation and extension of the wrist 
required for instrument support. Some flute 
models are built with the key to be depressed by 
the left ring finger (the G key) moved to an offset 
position, slightly away from the longitudinal axis 
of the instrument. This modification permits the 
key to be depressed primarily by flexion of the 
ring finger metacarpophalangeal joint and requires 
minimal interphalangeal joint extension. Playing 
an instrument with an offset G key also is easier 
for those musicians having a comparatively short 
left fourth ray.   
 

INSTRUMENT SUPPORT 

 The flute is supported by the player’s hands; 
the long axis of its barrel is held at a right angle to 
the frontal plane of the performer’s face and 
aligned approximately parallel to the floor (unless 
the flutist’s head and neck are tilted to the right, as 
frequently occurs). 
  

           
 
                Figure 1. Flutist, frontal view 
 

          
 
            Figure 2. Flutist, right oblique view 
  
 Specific right upper extremity positions 
required to hold the flute correctly include a 
significant degree of elbow flexion and wrist 
extension. The table at the end of this chapter 
describes a wide variation in postures among the 
subjects measured, especially in the reciprocal pair 
of right shoulder abduction and right forearm 
(elbow) pronation. Greater shoulder abduction is 
needed when the head is kept erect, and this  
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action is accompanied by less pronation; the 
opposite situation also has been observed. 
 Most of the flute’s weight rests on the ulnar 
border of the performer’s right thumb and the 
palmar aspect of the left index metacarpo-
phalangeal joint, with the greater percentage  
taken by the right thumb. A variety of supportive 
postures were observed in the flutists who were 
evaluated. The thumb carpometacarpal joint 
generally was held in a consistent position, one 
which balanced the weight of the flute 
comfortably while allowing correct finger 
placement on the keys. All ten flutists exhibited at 
least ten degrees of flexion at this 
metacarpophalangeal joint, but six of them 
simultaneously hyperextended their inter-
phalangeal joints, ranging from five to 40 degrees. 
Since the right thumb only provides support and 
is not called upon to depress any keys, variations 
in the static pattern seemed to reflect a personal 
preference and not the presence or absence of 
generalized joint hypermobility. Stress on this 
thumb is concentrated primarily at the ulnar 
collateral ligament of its metacarpophalangeal 
joint, a condition which occasionally has been 
shown to produce thumb pain during prolonged 
or intensive playing. Supportive orthoses have 
been developed to minimize these stresses 44-45  
and their use may provide some degree of 
comfort to certain performers who experience 
thumb strain during playing. 
 Specific left upper extremity static positions 
include shoulder flexion, internal rotation and 
adduction; these are accompanied by significant 
degrees of elbow flexion and wrist extension. Like 
most other static postures required for instrument 
support, these were found to change very little, if 
at all, during movements of the keys. Supporting 
the flute by the palmar base of the index digit 
precludes any significant flexion motions of the 
second metacarpophalangeal joint while playing; 
indeed, eight of the ten flutists hyperextended that 
joint an average of 15 degrees (maximum 30), 
while one maintained it in neutral and only one 
held it in ten degrees of flexion. Five of the 
players abducted their left index metacarpo-
phalangeal joint to permit better instrument 
support and to reach the keys more easily, 
exhibiting an average abduction of 12 degrees at 
this joint. 
 
 

 
 
 
MOVEMENT PATTERNS 
 
 The left thumb is required to play two keys, 
which are placed next to each other along the long 
axis of the flute. Several possible combinations of 
thumb movements are used to perform this task: 
both keys can be depressed simultaneously by the 
distal phalanx, one key can be depressed while the 
second is left open, or both keys can be left open. 
In a similar fashion, the right little finger must 
operate a cluster of three or four keys, and often 
must move rapidly from one key to another. 
Rollers built into these keys facilitate such rapid 
changes, which are accomplished by moving the 
little finger back and forth from a position of 
combined interphalangeal joint flexion to that of 
combined extension. In addition, the keys which 
are placed lower in this cluster were shown to 
require a significant degree of interphalangeal 
flexion for correct operation. 
 The flute is an instrument of melody and 
musical embellishments, and frequently is called 
upon to play as many as 50 notes per second. This 
extraordinary technical demand makes it 
mandatory for the performer’s fingers to move in 
very small arcs when changing from one note to 
another. The data in the tables confirm this fact; 
they describe small ranges of joint motion and, 
hence, small arcs of fingertip movement from the 
opening to the closing positions for all keys. In 
general, the performer’s fingers were found to be 
held quite closely to the keys at all times. 
 

Combined flexion arcs of the right hand 
fingers are as follows: 
 II av.  5 degrees       range  -10 to +20 
 III av.  7 degrees       range  -20 to +40  
 IV av.  1 degree       range  -35 to +40  
 V av.  -1 degree       range  -25 to +15      
  (the finger normally seems to be   
  tucked under the cluster of keys) 
  

For the left hand the combined flexion 
arcs are: 
 II av.  -5 degrees  (composed mostly of  
  metacarpophalangeal flexion and   
  interphalangeal extension) 
 III av.  -3 degrees (mostly distal    
  interphalangeal extension) 
 IV av.  2 degrees 
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 V av.  20 degrees (all joints are flexed  
  rather equally; small offset keys must  
  be depressed) 
 
 Significant individual variations were 
observed in all these patterns, as well as in both 
the starting and the ending positions. However, 
the range of end positions was larger than that of 
the starting ones, by as much as 45 degrees in the 
finger joints, 50 degrees in the right thumb 
interphalangeal joint and 55 degrees in pronation 
of the right elbow. This phenomenon gives 
further credence to the observations that there are 
many appropriate ways to play this instrument. 
 The ranges of many static or starting 
positions were quite small, a condition which 
might be expected because of the need to support 
the flute correctly. This statement is in contrast to 
the findings described in the previous paragraph, 
but it reflects the design and physical 
requirements of the instrument, and the fact that 
individual variations may not be effective for all 
joints. Those joint motions which showed static 
ranges of 20 degrees or less include: 
 
 LT elbow pronation    
 LT wrist extension    
 LT  II  PIP flexion    
 LT  IV  MP flexion  
 LT  III MP and PIP flexion   
 LT  V  DIP flexion    

 RT  I  CMC flexion 
 RT   I  MP flexion 
 RT  II  DIP flexion 
 RT  III  IPs flexion 
 RT  IV  IPs flexion 
 RT  V  IPs flexion 
 
 When rehabilitating the injured flutist, it 
would seem that greater efforts should be directed 
to restoring the proper static or starting positions, 
as well as improving the muscular strength and 
endurance needed to support the instrument in a 
position which is decidedly unphysiologic. The 
motions required to move the keys should ideally 
require only small changes from those starting 
positions. 
 
 
 
 

 
 
 
“FAMILY MEMBERS” 

 The piccolo is approximately one-half the 
length of the flute and thus is pitched one musical  
octave higher. This smaller size requires the 
performer’s hands to be positioned closer to the 
mouth and requires a greater degree of elbow 
flexion bilaterally. In addition, less left wrist 
extension and radial deviation are needed than for 
the larger instrument. The piccolo’s key 
arrangement is the same as the flute, except that 
the right little finger is required to play only one 
key instead of three or four. The fingers of each 
hand lie much closer to each other on the piccolo, 
and their arcs of motion are slightly less than for 
the flute. 
 The alto flute and bass flute are longer, at 89 cm 
(35 in) and 135 cm (53 in) respectively, and 
produce comparably lower sounds than the 
standard C instrument. Their increased length is 
managed easily by the performer, since the alto 
flute requires comparatively little extra shoulder 
abduction, and the bass flute incorporates a 180 
degree bend in the tubing just beyond the 
mouthpiece; this design prevents excessive stretch 
of the musician’s arms while placing his/her 
fingers on the keys. The arrangement of keys on 
the alto and bass models is the same as that of the 
C flute, although the holes and pads are 
correspondingly larger and the low B key is 
absent. Musical repertoire for these instruments 
tends to be somewhat less demanding, and thus 
the larger size keys and greater ranges of digital 
motion are handled easily without major technical 
difficulties. 
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Flute, left upper extremity 
 
 

Motion Mean start position  
(range min — max) 

Mean end position  
(range min — max) 

Total arc 
(mean) 

------------------------------- ---------------------------- -------------------------- ------------ 
Shoulder protraction       9     (0 — 20)       9     (0 — 20) 0 

               flexion     62     (40 — 75)      62     (40 — 75) 0 

               abduction      -9     (-20 — 10)      -9     (-20 — 10) 0 

               int. rotation     57     (25 — 70)     57     (25 — 70) 0 

Elbow flexion     80     (60 — 90)     80     (60 — 90) 0 

           pronation     43     (30 — 50)     48     (30 — 90) 5 

Wrist flexion    -38     (-45 — -25)    -38     (-45 — -25) 0 

          radial deviation     13     (0 — 35)     13     (0 — 35) 0 

I    CMC abduction     27     (15 — 45)     23     (0 — 35) -4 

     CMC flexion      -2     (-15 — 10)      -8     (-25 — 5) -6 

     MP flexion     10     (-5 — 30)     15     (0 — 30) 5 

     IP flexion     15     (-5 — 55)     14     (-5 — 45) -1 

II   MP flexion    -11     (-30 — 15)    -10     (-30 — 15) 1 

     MP abduction      -6     (-15 — 0)      -6     (-15 — 0) 0 

     MP pronation       0     (0 — 0)       0     (0 — 0) 0 

     PIP flexion     80     (70 — 90)     77     (55 — 95) -3 

     DIP flexion     51     (15 — 65)     50     (20 — 60) -1 

III  MP flexion      17     (10 — 25)     18     (5 — 35) 1 

      MP radial deviation      -1     (-5 — 0)       0     (0 — 0) -1 

      PIP flexion     59     (50 — 65)     61     (55 — 65) 2 

      DIP flexion     39     (15 — 50)     34     (5 — 50) -5 

IV  MP flexion     25     (15 — 30)     27     (10 — 40) 2 

      MP abduction       0     (0 — 0)       0     (0 — 0) 0 

      PIP flexion     33     (20 — 45)     32     (10 — 50) -1 

      DIP flexion     12     (0 — 25)     13     (0 — 30) 1 

V  MP flexion     23     (10 — 35)     31     (15 — 50) 8 

     MP abduction       1     (0 — 5)       1     (0 — 5) 0 

     MP pronation       0     (0 — 0)       0     (0 — 0) 0 

     PIP flexion     17     (0 — 30)     22     (0 — 40) 5 

     DIP flexion       8     (0 — 15)     14     (5 — 40) 6 
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Flute, right upper extremity 
 

   
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

---------------------------- ------------------------ ------------------------- -------------- 
Shoulder protraction      -3     (-20 — 0)      -3     (-20 — 0) 0 

               flexion     11     (-25 — 40)     11     (-25 — 40) 0 

               abduction     46     (0 — 70)     47     (0 — 75) 1 

               int. rotation      -1     (-10 — 20)      -1     (-10 — 20) 0 

Elbow flexion     98     (75 — 105)     97     (75 — 110) -1 

           pronation     31     (5 — 65)     33     (15 — 70) 2 

Wrist flexion    -30     (-50 — -10)    -31     (-50 — -10) -1 

          radial deviation       7     (0 — 20)     13     (0 — 30) 6 

I    CMC abduction     27     (10 — 45)     26     (-5 — 45) -1 

     CMC flexion       3     (-10 — 10)       3     (-10 — 10) 0 

     MP flexion     19     (10 — 30)     18     (10 — 30) -1 

     IP flexion      -7     (-40 — 20)      -6     (-30 — 20) 1 

II   MP flexion     23     (5 — 40)     25     (0 — 50) 2 

     MP abduction       5     (0 — 10)       1     (-15 — 10) -4 

     MP pronation       2     (0 — 15)       4     (0 — 30) 2 

     PIP flexion     43     (20 — 55)     44     (20 — 55) 1 

     DIP flexion     27     (20 — 40)         29     (20 — 50) 2 

III  MP flexion      29     (15 — 40)     27     (5 — 50) -2 

      MP radial deviation       0     (0 — 0)       0     (0 — 0) 0 

      PIP flexion     48     (35 — 55)     52     (45 — 65) 4 

      DIP flexion     32     (20 — 40)     36     (20 — 45) 4 

IV  MP flexion     34     (10 — 50)     28     (0 — 50) -6 

      MP abduction       0     (0 — 0)       0     (0 — 0) 0 

      PIP flexion     26     (20 — 40)     29     (15 — 40) 3 

      DIP flexion     12     (0 — 20)     16     (5 — 20) 4 

V  MP flexion     34     (5 — 70)     31     (15 — 55) -3 

     MP abduction       4     (0 — 10)     12     (0 — 20) 8 

     MP pronation       0     (0 — 0)       0     (0 — 0) 0 

     PIP flexion     13     (5 — 25)       9     (0 — 25) -4 

     DIP flexion       8     (0 — 20)     11     (0 — 25) 3 
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CHAPTER 5 
 
 

CLARINET 
 
 

INSTRUMENT DESIGN 
  
 The B-flat (Bb) clarinet is the most 
commonly played member of this large family of 
woodwind instruments. It is constructed of wood 
in the shape of a hollow cylinder; however, some 
less-expensive student models are made of plastic. 
It is 66.7 cm (26.25 in) long and weighs about 710 
gm (1 lb 9 oz).   
 Different musical notes or pitches are 
produced by varying the length of the air column 
within the instrument; this is accomplished by 
opening or closing multiple holes located along 
the length of the clarinet’s tube, or barrel. 
Different methods are employed to close these 
holes, some directly by the finger pads of the 
performer and some by man-made pads attached 
to the undersurface of metal keys, the latter being 
depressed by finger pressure. The majority of 
these latter holes are located beyond the reach of 
the instrumentalist’s fingers and are opened or 
closed at a distance through a series of articulated 
metal rods and levers. The open holes, some of 
which are surrounded by metal rings which 
operate additional keys, are covered by the finger 
pads of the middle three digits of both the right 
and left hands, and by the left thumb; this 
arrangement requires very precise, accurate  finger 
placement to depress the rings and cover the 
holes completely, thus producing a satisfactory 
musical tone. In addition, a number of flat metal 
keys must be depressed by both little fingers; 
these keys open and close holes which lie beyond 
the normal reach of the performer’s hands. A 
combination of open holes and flat keys are 
worked by the left thumb and by both the right 
and left index and ring fingers. 
 
INSTRUMENT SUPPORT 
 
 The weight of the clarinet traditionally is 
supported by the performer’s hands. Although the 
instrument does not ordinarily feel heavy to the 
performer, prolonged playing in this manner has 
been implicated in the development of overuse or 

muscular strain problems in a number of 
musicians. Other methods of instrument support, 
including supportive posts and neck straps, 
gradually are being accepted by many teachers and 
performers alike.   
 The clarinet is held in front of the body, with 
its mouthpiece and reed resting between the upper 
teeth and lower lip; the lower jaw ideally should 
provide a minimum of support. The major weight 
of the instrument is taken on the performer’s right 
thumb by means of a metal rest or support which 
extends at right angles to the barrel and measures 
approximately 1x1 cm. This places a great deal of 
stress on the ulnar border of the thumb’s distal 
phalanx and requires strong static stabilization by 
the ulnar collateral ligaments of both inter-
phalangeal and the metacarpophalangeal joints. 
Active stabilization is provided by the right thumb 
muscles, especially the abductor longus and 
extensor longus, as well as by elbow flexors. The 
weight on the thumb can be decreased appreciably 
by a neck strap which attaches to a metal ring on 
the clarinet, just above the thumb rest. Rotational 
control of this cylindrical instrument is maintained 
by the position of the mouthpiece in the mouth 
(the embouchure) and by the dynamic control of all 
fingers which rest on the keys. 
 

                  
 
              Figure 3. Clarinetist, frontal view 
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Figure 4. Clarinetist from right rear, showing the 
right thumb supporting the instrument 
 
 Specific positions needed to hold the clarinet 
correctly were found to vary from musician to 
musician; these variations were not dependent on 
the experience or skill of the instrumentalist and 
did not seem to interfere with musicality or 
technical expertise. Much of this variation 
depends upon the degree of cervical spine flexion 
employed while holding the clarinet; this variable 
in turn has a number of factors which can affect 
it, including the performer’s visual acuity and the 
type of corrective lens employed, if needed. When 
neck flexion is increased, the instrument is held 
much more closely to the body, thus requiring less 
left shoulder abduction and (especially) flexion. 
The opposite is also true; with increased neck 
extension, a position often utilized by those 
instrumentalists who must use bifocals to see the 
music clearly, left shoulder abduction and flexion 
increase. The observed range of these motions in 
the ten examined musicians was 25 degrees of 
abduction and 30 degrees of flexion. 
 Left elbow flexion was less variable from the 
static to the playing positions, but a wide range of 
static positions was observed, from 65 to 120 
degrees. No consistent correlation with the 
instrumentalists’ body height could be made, since 
70 percent of the results fell within the range of 
105 to 120 degrees of flexion. This variation can 
best be explained by individual differences in 
playing technique. 
 
 

 
 
 
 Elbow position, whether held close to the 
body or away from it, was another variable which 
was found to affect joint measurements. When 
the performer held his/her elbows closely to the 
body, there was a reciprocal decrease in the degree 
of internal rotation of both shoulders as well as an 
increased pronation of both elbows (forearms). 
The opposite of this situation also was observed. 
 
MOVEMENT PATTERNS  
 
 Like the flute, the clarinet is an instrument of 
melody and musical embellishment. It is the 
primary melodic instrument in bands and wind 
ensembles, functioning musically as the violins do 
in the orchestra; under these conditions, the 
clarinetist often must play as many as 25 to 30 
notes per second. Its role in the orchestra is to 
provide musical color, with melodic and 
contrasting musical themes and patterns no less 
demanding technically than in the band or wind 
ensemble. Fingering these rapid notes necessitates 
very short ranges of finger motion to cover and 
uncover the keys, and requires the fingertips to be 
held quite closely to the keys at all times. The 
complexity of clarinet technique is increased by 
the availability of alternate fingerings for certain 
notes. These alternatives are helpful in minimizing 
the use of several otherwise cumbersome finger 
motions, thus permitting a smoother and more 
lyrical performance of various musical phrases.   
 The primary position of the index and ring 
digits bilaterally is on the open holes; the fingers 
move to the adjacent keys as the music requires. 
In the case of both index fingers, distances to 
these adjacent keys are rather large and necessitate 
significant interphalangeal joint extension, left 
metacarpophalangeal joint abduction and left 
forearm pronation. The right upper extremity 
must move into positions of greater forearm 
pronation, as well as extension of the wrist and of 
all three joints of the index finger, to accomplish 
these movements.   
 The nine musically active digits of the 
clarinetist are called upon to work a combination 
of 23 keys and finger holes/rings. Only the long 
fingers are responsible for a single key or hole; all 
the others have multiple keys or holes to depress 
or cover. The greatest number of keys that must 
be worked by any digit is five, and that is done by 
the right index finger; in contrast, both index and  
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both little fingers are required to play only one key 
at a time. The left thumb and right index finger 
must occasionally play two keys simultaneously, 
but the movements to open and close them 
usually are not performed in a rapid or frequently 
repetitive manner. However, the left thumb must 
accomplish several patterns of joint motions, 
since different notes require it to depress no keys, 
or one, or two at a time. Trill keys, or small metal 
keys placed between several of the basic holes, are 
worked by an adjacent finger which must be 
moved laterally when not covering its usual hole. 
These keys are employed for rapid alternating 
changes from one note to an adjacent one, a 
musical embellishment known as a trill. 
 There are no extreme positions or ranges of 
joint motion required to play the clarinet; all fall 
comfortably within the capabilities of each upper 
extremity joint.  The greatest combined ranges of 
digital motion were (1) the average 44 degrees of 
interphalangeal joint extension seen in the left 
index finger, with a range of 0 to 90 degrees 
among the ten clarinetists, and (2) the average 36 
degrees of interphalangeal joint flexion required 
for the right little finger (range 0 to 85 degrees). 
These motions are needed to play three separate 
keys with the left index finger and four with the 
right little finger — but never more than one at a 
time for each digit. 
 Given the requirements for multiple keys to 
be operated by many of the clarinetist’s fingers, it 
is not surprising that movements away from the 
static or starting position often occurred in more 
than one direction. This situation resulted in a 
combined value for the total range of specific 
joint motions. Eight of the ten clarinetists 
demonstrated this phenomenon, although not 
always in the same joint(s). The number of such 
joints involved ranged from one to eight, with the 
latter number noted in the left hand of only one 
instrumentalist. Those right hand joint motions 
which were more likely to require multiple ranges 
were metacarpophalangeal joint flexion in the 
index and long digits, and metacarpophalangeal 
joint abduction in the little digit. The same  
 
 

 
 
 
phenomenon was observed on multiple occasions 
in the left hand, but only involving pronation of 
the index finger metacarpophalangeal joint and 
flexion of the little finger distal interphalangeal 
joint. 
 
“FAMILY MEMBERS” 
 
 The clarinet family is extensive, ranging from 
an Eb soprano model, approximately 40 percent 
shorter than the standard Bb one, to a BBb 
(double B-flat) contrabass instrument having a 
tube four times as long. The A clarinet is almost 
identical to the Bb model except for being about 
two cm longer, and is utilized primarily for 
orchestral music. The four smaller family 
members, the Eb soprano, C, Bb, and A, have a 
straight barrel and mouthpiece. Intermediate 
longer models include the Eb alto (about 60 
percent longer than the Bb), the Bb bass (twice as 
long) and the EEb contra-alto model (twice as 
long as the alto). The tube of these longer 
instruments is bent, folded or coiled to allow the 
musician’s fingers to reach the keys more 
efficiently, as well as to decrease the bulk of the 
instrument for transport and playing.   
 With few exceptions, the key configurations 
on all clarinet models are essentially the same, 
although the keys of the bass and “contra” models 
are covered. Additional keys are available on the 
bass and contra- models, extending the range 
downward another two full tones. These keys are 
usually operated by the right little finger and 
thumb. As might be expected, the keys on the Eb 
soprano model are slightly closer together than on 
the standard Bb instrument, and those of the 
larger models are more widely separated. Greater 
ranges of joint motion are required to play these 
larger instruments, but the arcs are not excessive; 
nonetheless, technical facility on the larger 
instruments cannot match that of the smaller 
members. In compensation for this difference, 
musical requirements of these larger clarinets are 
not as demanding as those for the smaller ones. 
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Bb clarinet, left upper extremity 
 

   
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction       0     (0 — 0)       0     (0 — 0) 0 

               flexion     11     (-5 — 25)     11     (-5 — 25) 0 

               abduction     10     (0 — 25)     10     (-5 — 25) 0 

               int. rotation     44     (35 — 60)     43     (35 — 55) -1 

Elbow flexion   105     (65 — 120)   105     (65 — 120) 0 

           pronation     25     (10 — 40)     28     (5 — 55) 3 

Wrist flexion    -19     (-35 — -10)    -20     (-55 — 10) -1 

          radial deviation       1     (-10 — 40)       3     (-15 — 40) 2 

I    CMC abduction     32     (5 — 45)     33     (5 — 45) 1 

     CMC flexion      -2     (-15 — 10)       0     (-15 — 10) 2 

     MP flexion       1     (-15 — 25)      -2     (-20 — 15) -3 

     IP flexion      -4     (-10 — 5)       2     (-10 — 40) 6 

II   MP flexion     28     (10 — 45)     32     (10 — 50) 4 

     MP abduction       6     (0 — 20)       5     (0 — 15) -1 

     MP pronation       3     (0 — 15)       4     (0 — 30) 1 

     PIP flexion     49     (30 — 60)     17     (0 — 50) -32 

     DIP flexion     26     (10 — 50)     13     (0 — 50) -13 

III  MP flexion      35     (15 — 50)     32     (10 — 50) -3 

      MP radial deviation       1     (0 — 5)       1     (0 — 5) 0 

      PIP flexion     49     (35 — 75)     41     (20 — 50) -8 

      DIP flexion     17     (-10 — 40)     16     (-10 — 40) -1 

IV  MP flexion     41     (20 — 50)     35     (10 — 55) -6 

      MP abduction       1     (0 — 5)       2     (0 — 20) 1 

      PIP flexion     33     (0 — 65)     27     (0 — 55) -6 

      DIP flexion       9     (-10 — 25)     11     (-10 — 55) 2 

V  MP flexion     35     (20 — 55)     31     (0 — 65) -4 

     MP abduction       3     (0 — 10)     11     (-5 — 35) 8 

     MP pronation       0     (0 — 0)       3     (0 — 15) 3 

     PIP flexion     15     (0 — 35)     21     (-5 — 50) 6 

     DIP flexion       5     (-5 — 30)       9     (-15 — 35) 4 
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Bb clarinet, right upper extremity 
 

   
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction       2     (0 — 5)       2     (0 — 5) 0 

               flexion     11     (0 — 20)     11     (0 — 20) 0 

               abduction     12     (0 — 15)     12     (-5 — 20) 0 

               int. rotation     33     (0 — 50)     36     (25 — 50) 3 

Elbow flexion     93     (85 — 105)     94     (85 — 105) 1 

           pronation     22     (10 — 35)     32     (10 — 55) 10 

Wrist flexion    -17     (-35 — 50)    -24     (-50 — 50) -7 

          radial deviation     12     (5 — 20)         17     (5 — 25) 5 

I    CMC abduction     42     (30 — 55)     40     (25 — 50) -2 

     CMC flexion       6     (0 — 10)       5     (-35 — 35) -1 

     MP flexion     22     (10 — 40)     19     (-15 — 40) -3 

     IP flexion      -3     (-15 — 5)      -3     (-15 — 5) 0 

II   MP flexion     39     (25 — 55)     30     (5 — 50) -9 

     MP abduction       7     (-5 — 15)       8     (0 — 20) 1 

     MP pronation       3     (0 — 10)       4     (0 — 20) 1 

     PIP flexion     39     (20 — 60)     32     (0 — 60) -7 

     DIP flexion     27     (10 — 35)     17     (0 — 35) -10 

III  MP flexion      42     (25 — 55)     39     (20 — 55) -3 

      MP radial deviation       1     (0 — 5)       1     (0 — 5) 0 

      PIP flexion     51     (40 — 85)     45     (25 — 85) -6 

      DIP flexion     16     (0 — 30)     13     (0 — 25) -3 

IV  MP flexion     39     (30 — 50)     31     (10 — 50) -8 

      MP abduction       2     (0 — 15)       1     (-5 — 15) -1 

      PIP flexion     37     (20 — 60)     39     (15 — 60) 2 

      DIP flexion     14     (5 — 30)     15     (0 — 35) 1 

V  MP flexion     37     (20 — 55)     27     (-5 — 70) -10 

     MP abduction       8     (0 — 15)       6     (0 — 20) -2 

     MP pronation       1     (0 — 5)       4     (0 — 20) 3 

     PIP flexion     13     (0 — 35)     29     (0 — 50) 16 

     DIP flexion       7     (0 — 25)     26     (0 — 50) 19 
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CHAPTER 6 
 
 

OBOE 
 
 
INSTRUMENT DESIGN 
 
 The modern oboe is constructed of wood 
and measures 60 cm (23.5 in) in length; it weighs 
about 655 gm (1 lb 7 oz). Newer models offer the 
option of an upper portion made of 
polypropylene. Its various musical notes (pitches) 
are produced by lengthening or shortening the air 
column which is begun at the level of the 
vibrating reed. These changes in length are 
accomplished by opening or closing a series of 
holes which are placed along the barrel of the 
instrument, using metal keys operated by the 
fingers of both hands and by the left thumb. The 
arrangement of these keys is probably the most 
complex of any wind instrument and reflects the 
wide spectrum of design and performance 
changes in the oboe which have evolved over the 
past four centuries. The primary holes are closed 
by finger pressure on padded metal keys which are 
suspended over the holes; some of these keys 
have a small central aperture, two to four mm in 
diameter, which at times must be covered in 
addition to depressing the basic key. For this type 
of key, two possible types of closure exist: 
complete closure of both hole and key at the same 
time, and closure of the key while leaving the 
central hole open (the half-hole technique). Precise 
finger movements are necessary to achieve these 
two distinct actions, and obviously there is a 
delicate and important difference between the 
two. Other holes which lie beyond the direct 
reach of the performer’s fingers are opened or 
closed by means of a complex series of articulated 
levers. In addition, small secondary keys are 
located between the major keys and are used for 
rapid, repetitive changes from one note to a 
musically adjacent one, an embellishment known 
as a trill. These trill keys are worked by an adjacent 
digit which must move laterally from its usual 
position, requiring precise intrinsic muscle actions. 
Most of the oboist’s digits are called upon to 
depress multiple keys, although with few 
exceptions these are activated only one at a time. 

The maximum number of keys to be manipulated 
by any single digit is four. 
 
INSTRUMENT SUPPORT  
 
  The oboe’s weight is supported by the 
musician’s hands; the majority is taken on the 
right thumb by means of a metal thumb rest, 
about 1x1 cm, which extends outward at a right 
angle to the barrel of the instrument. Like the 
clarinet, the oboe is held forward at an angle to 
the performer’s body. The double reed, whose 
vibration produces the sound, is inserted into the 
upper end of the oboe and rests firmly between 
the performer’s lips. The reed does not take any 
of the instrument’s weight, however, so the 
primary support stress is placed on the ulnar 
border of the right thumb, mostly along the distal 
phalanx; secondary static stress is handled by the 
stabilizing effect of the ulnar collateral ligaments 
of the interphalangeal and metacarpophalangeal 
joints. Active stabilizing forces are produced by 
the right thumb flexors, the abductor longus and 
the extensor longus, as well as by the right elbow 
flexors. In recent years, the use of a metal rod or a 
neck strap to support the majority of the 
instrument’s weight has relieved significant stress 
from the thumb and is being accepted gradually 
by many performers, teachers and students. This 
strap is attached to a ring on the thumb rest, a 
position which also maintains proper instrument 
balance. The adjustable rod rests on the 
musician’s chair or lap; its other end is attached to 
the thumb rest. Rotational control of the oboe is 
achieved by the hands, not the mouth; the reed is 
only six to seven mm wide and is quite fragile. 
Specific static positions which are required to hold 
the oboe correctly include a significant degree of 
left shoulder internal rotation, elbow flexion and 
thumb carpometacarpal abduction. All ten oboists 
flexed the proximal interphalangeal joints of their 
left index and long fingers each more than 50 
degrees; these digits exhibited a combined flexion 
posture of 110 degrees for the index and 117 
degrees for the long finger. These positions are  
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necessary because of the relatively narrow 
diameter (approximately 30 mm) of the oboe’s 
barrel and by the size and position of the many 
keys attached to it. 
 

    
 
          Figure 5. Oboist, right oblique view 
                                   

 
 
             Figure 6. Oboist, left oblique view 
 
 The right upper extremity has similar 
physical requirements for static positioning of the 
instrument. The elbow was flexed to nearly 100 
degrees; the thumb demonstrated wide abduction 
at its carpometacarpal joint and hyperextension at 
the thumb interphalangeal joint. This combination 
of positions reflects the need to support the 
instrument satisfactorily and was observed in all 
ten performers measured. Because the oboe has a 
small diameter barrel, the right index and long 
fingers assumed flexed positions as great as those 
on the left hand. The proximal interphalangeal 
joints of both these digits were flexed about 50  

 
 
 
degrees each, and the combined flexion 
posturesexactly matched those of the left: 110 
degrees for the index finger, 117 degrees for the 
long. This somewhat cramped right hand position 
is necessary to reach the keys correctly and seems 
to be a result of instrument design and 
development.  
 
MOVEMENT PATTERNS 
 
 When holding the oboe in playing position, 
the fingers of the left hand generally lie at a right 
angle to the long axis of the instrument’s barrel. 
Movements of these digits to open and close the 
basic keys therefore were performed primarily by 
the metacarpophalangeal joints, which moved in a 
pure flexion-extension arc; no significant lateral or 
rotatory motions were observed during this 
activity. Most ranges of joint motion were quite 
small, with only three left finger joints describing 
flexion arcs of 10 degrees or more. Combined 
extension motions of the interphalangeal joints 
were significant only in the left index finger (13 
degrees) and the left little finger (22 degrees), the 
other two digits describing much smaller arcs.  
The left index finger is required to operate two 
side keys in addition to covering its primary key; 
this additional activity requires a lateral rocking or 
rotating motion which was accomplished 
primarily by increased forearm pronation, not by 
pronation of the index metacarpophalangeal joint. 
 The fingers of the right hand do not lie at a 
right angle to the instrument barrel, but rather 
form an acute angle with the fingertips pointing 
away from the performer’s body. This position 
requires greater forearm pronation and wrist ulnar 
deviation, as well as greater pronation of the index 
metacarpophalangeal joint, than is necessary on 
the left hand. Depressing the side keys, an action 
performed by the right index finger, also requires 
a significant degree of interphalangeal joint 
extension. The oblique position of the digits 
mandates more than the usual arc of finger 
flexion-extension to move the basic keys. Rapid 
alternating up-and-down motions of the index 
finger, such as in performing a trill, necessitate a 
major contribution of interosseus muscle activity 
at the metacarpophalangeal joint. Using this 
combination of intrinsic and extrinsic muscles is 
mechanically less efficient, and may be the cause 
of hand strain in some performers who must play  
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rapid and repeated musical passages with the right 
hand in this often uncomfortable posture. 
 The observed ranges of finger joint motion 
in the right hand were slightly larger than in the 
left; five performers demonstrated arcs of ten 
degrees or more.  Combined finger joint ranges 
usually included a combination of flexion at one 
joint and simultaneous extension of the adjacent 
joints. The maximum interphalangeal joint 
extension arc of 45 degrees, which was observed 
in the right index finger, was accompanied by an 
11 degree arc of metacarpophalangeal joint 
flexion. Most of the other finger joints exhibited a 
similar combined range, but generally with smaller 
arcs in each direction. 
 A specialized type of fingering, which is seen 
commonly in playing the oboe but much less 
often in other woodwind instruments, is the fork 
fingering. This technique requires the closure of 
keys by the index and ring fingers of one hand, 
while the long finger is lifted off its key, keeping it 
open. On the oboe, fork fingerings are more 
commonly employed by the right hand than by 
the left. The musical tone produced by this type 
of fingering often lies in the middle of a series of 
notes which require sequential opening and 
closing of adjacent keys, and therefore the digital 
motions involved tend to be somewhat awkward. 
Rapid changes back and forth from these fork 
fingerings often are accompanied by an increase in 
the arc of long finger extension; this phenomenon 
was observed in five of the ten oboists evaluated, 
with a mean extension of 21 degrees. 
 The oboe has a unique and characteristic 
sound, with an intensity and color which easily 
penetrate the overall sound of an orchestra or a 
band. Its musical range is in the upper, or soprano 
register, and it is employed primarily as a “color” 
instrument, frequently playing specialized 
melodies or harmonies for musical emphasis. It 
often is called upon to play many rapid notes in 
succession, and quite often these are not adjacent 
to one another on the musical scale. These 
technical demands, coupled with the oboe’s  
 
 

 
 
 
complex key arrangement and unusual fingerings, 
require many frequently cumbersome and difficult 
patterns of finger motion. 
 The ten instrumentalists evaluated on the 
oboe exhibited a wide variation of joint ranges, 
not only in their static postures but also in the 
arcs of movement needed to play music. There 
was a greater variation seen in the right hand than 
in the left; individual differences of greater than 
30 degrees were measured in 19 of 30 joints in the 
right upper extremity, as compared with 15 of 30 
joints in the left.  This variation suggests (and has 
been found with other instruments) that 
individual differences in upper extremity position 
and motion do not reflect adversely on the 
performer’s skill and artistry. 
 
“FAMILY MEMBERS” 
 
 The oboe is the second smallest of five 
similar modern double reed instruments, the 
others being the very uncommonly utilized 
musette oboe, the oboe d’amore and bass oboes, 
and the rather more common English horn. Each 
of these variants has essentially the same key 
arrangements as the oboe but differs primarily in 
size and pitch. The English horn is pitched a 
major fifth (five notes) lower than the oboe and is 
approximately 60 percent longer, while the bass 
oboe is twice as long and sounds one musical 
octave (eight full tones) lower. The oboe d’amore 
lies between the oboe and English horn in length 
and pitch. All of these three larger family 
members have a slightly wider spread between 
their keys, but the ranges of digital motion 
required for key movements are not significantly 
greater than for the oboe. Although the larger 
keys and wider spread may not allow the 
performer to play multiple notes as quickly as on 
the standard oboe, the potential difference in 
speed of playing is somewhat compensated for by 
the slightly less demanding requirements of the 
music, especially in the cases of the English horn 
and bass oboe.  
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Oboe, left upper extremity 
 
 

Motion Mean start position  
(range min — max) 

Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction       1     (0 — 5)       1     (0 — 5) 0 

               flexion     28     (15 — 45)     29     (15 — 45) 1 

               abduction     17     (0 — 30)     17     (0 — 30) 0 

               int. rotation     41     (30 — 50)     36     (5 — 50) -5 

Elbow flexion   118     (105 — 130)   119     (105 — 130) 1 

           pronation     25     (0 — 40)     33     (0 — 55) 8 

Wrist flexion    -12     (-30 — 10)    -12     (-45 — 10)   0 

          radial deviation      -8     (-25 — 5)        -16     (-35 — 5) -8 

I    CMC abduction     39     (20 — 50)     38     (20 — 45)     -1 

     CMC flexion       1     (-10 — 10)      -3     (-20 — 5) -4 

     MP flexion     19     (5 — 40)     18     (5 — 25) -1 

     IP flexion       2     (-10 — 20)       5     (-15 — 35) 3 

II   MP flexion     21     (0 — 35)     24     (0 — 35) 3 

     MP abduction     10     (0 — 15)       3     (-5 — 15) -7 

     MP pronation     14     (0 — 35)       4     (-10 — 30) -10 

     PIP flexion     54     (35 — 70)     46     (5 — 65) -8 

     DIP flexion     35     (20 — 50)     30     (5 — 40) -5 

III  MP flexion      30     (10 — 45)     29     (15 — 50) -1 

      MP radial deviation       0     (-5 — 5)       1     (0 — 5) 1 

      PIP flexion     53     (35 — 60)     52     (40 — 65) -1 

      DIP flexion     34     (15 — 45)     38     (25 — 50) 4 

IV  MP flexion     43     (30 — 55)     39     (25 — 65) -4 

      MP abduction       2     (0 — 5)       2     (0 — 5) 0 

      PIP flexion     21     (5 — 40)     20     (-5 — 60) -1 

      DIP flexion     12     (0 — 20)     18     (5 — 55) 6 

V  MP flexion     25     (0 — 50)     22     (0 — 45) -3 

     MP abduction       6     (-5 — 15)     15     (0 — 25) 9 

     MP pronation       1     (0 — 10)       3     (0 — 10) 2 

     PIP flexion     28     (5 — 55)     11     (-5 — 20) -17 

     DIP flexion     18     (0 — 35)        15     (0 — 35) -3 
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Oboe, right upper extremity 
   

 
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction       0     (0 — 0)       0     (0 — 0) 0 

               flexion     24     (10 — 45)     24     (10 — 45) 0 

               abduction     17     (0 — 35)     17     (0 — 35) 0 

               int. rotation     33     (10 — 45)     33     (10 — 45) 0 

Elbow flexion     98     (80 — 110)     97     (80 — 105) -1 

           pronation     25     (0 — 50)     30     (5 — 60) 5 

Wrist flexion    -18     (-30 — 0)    -18     (-30 — 0) 0 

          radial deviation       5     (-10 — 20)       8     (-10 — 25) 3 

I    CMC abduction     39     (25 — 45)     40     (25 — 45) 1 

     CMC flexion       5     (-5 — 10)       5     (-5 — 10) 0 

     MP flexion     24     (0 — 45)     25     (0 — 50) 1 

     IP flexion      -9     (-20 — -5)      -5     (-20 — 10) 4 

II   MP flexion     16     (0 — 35)     27     (0 — 50) 11 

     MP abduction     10     (-5 — 20)     12     (0 — 25) 2 

     MP pronation     14     (0 — 25)     15     (0 — 35) 1 

     PIP flexion     53     (20 — 70)     32     (0 — 55) -21 

     DIP flexion     41     (5 — 55)     17     (0 — 50) -24 

III  MP flexion      35     (20 — 55)     25     (10 — 50) -10 

      MP radial deviation       1     (-5 — 15)      -1     (-10 — 0) -2 

      PIP flexion     49     (35 — 70)     52     (25 — 70) 3 

      DIP flexion     33     (20 — 40)     36     (15 — 50) 3 

IV  MP flexion     43     (30 — 65)     36     (15 — 70) -7 

      MP abduction       4     (0 — 10)       3     (-5 — 15) -1 

      PIP flexion     26     (5 — 45)     29     (0 — 60) 3 

      DIP flexion     15     (10 — 20)     21     (5 — 40) 6 

V  MP flexion     28     (10 — 45)     31     (10 — 55) 3 

     MP abduction     15     (5 — 25)     24     (20 — 30) 9 

     MP pronation       3     (0 — 20)       3     (0 — 20) 0 

     PIP flexion     19     (5 — 60)       6     (-10 — 30) -13 

     DIP flexion     15     (5 — 30)     11     (0 — 20) -4 
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CHAPTER 7 
 
 

BASSOON 
 
 
INSTRUMENT DESIGN 
 
 The bassoon is the longest of the basic 
woodwind instruments, measuring about 135 cm 
(53 in) from the top of the bell to the metal cap at 
its base. It weighs approximately 3 Kg (6 lb 11 
oz), depending on the number of keys present.  It 
is a rather bulky instrument, and the span of the 
performer’s hands can reach only a small 
percentage of its length. The bassoon is 
constructed as a folded tube about 270 cm (106 
in) in length; it usually is made of maple wood and 
has a number of holes drilled along its length. The 
pitch of its notes is changed by opening and 
closing these holes in various combinations, using 
all ten of the performer’s digits.  Three types of 
holes are utilized: 1) a plain hole which is closed 
directly by the pad of the fingertip;  2) a hole with 
a surrounding metal ring, both of which are 
covered by the finger in a fashion similar to a 
plain hole; downward pressure on the ring causes 
levers to move a distant key which covers or 
uncovers an additional hole; and 3) flat metal keys 
which operate an often complex series of 
articulated levers and pads to open and/or close 
holes which lie beyond the reach of the 
performer’s fingers. 
 Although the six basic finger holes lie all in a 
line, instrument development in the past three 
centuries has led to the addition of many keys, 
which are utilized to increase the instrument’s 
musical range and to provide alternate fingerings 
for various notes. Two distinct and quite complex 
systems of keys and fingerings have evolved over 
the years. The German, or Heckel, system is seen 
most commonly in the United States and many 
other countries, while the French system 
instruments are played primarily in Europe.   
 
 
 
 
 
 
 

INSTRUMENT SUPPORT 
 
 Three basic methods of instrument support 
can be employed. (1) A padded neck strap or 
harness attaches by a clip to a ring on the 
midsection of the instrument, supporting virtually 
all the bassoon’s weight. This method is employed 
most commonly when the instrument is played 
from a standing position, usually during solo 
performance. A modification of this suspension, 
used with great success by the author and others, 
is to loop the strap around the left shoulder 
instead of the neck. This variation produces less 
stress on the performer’s neck and transfers the 
weight of the instrument slightly to the left. It 
does not interfere with breathing or left upper 
extremity motions but does require a slightly 
greater degree of support by the left hand than if 
the strap were placed around the neck. 
 (2) The most common suspension method is 
used when the bassoonist is seated. A 5 cm wide 
strap is placed across the width of the chair seat, 
and the performer sits on it. The strap’s free end 
extends off the chair to the right and attaches to 
the metal cup on the bottom of the instrument, 
thereby supporting the great majority of the 
bassoon’s weight. 
 

             
 
         Figure 7. Bassoonist, right oblique view 
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               Figure 8. Bassoonist, side view 
  (3) An uncommon but useful method of 
support is by means of a metal peg or spike 
attached to the cup at the bottom of the bassoon; 
the end of the peg rests on the floor in the same 
manner as that employed by the cello, double 
bass, or bass clarinet. This accessory is seen most 
often as a custom option which is added at the 
time of instrument manufacture. 
 All three methods of support do not 
completely balance the bassoon in the performer’s 
hands, however. The normal angled position of 
the instrument requires some of its weight to be 
borne by the left palm, specifically over the index 
metacarpophalangeal joint. In the sitting position, 
this pressure can be decreased by moving the seat 
strap to the front of the chair, thus producing a 
more upright position of the bassoon. In addition, 
by its nature, the support peg also keeps the 
instrument in an almost vertical position. There is 
an inverse relationship between the verticality of 
position and the weight supported by the left 
hand. 
 An accessory support for the right hand is 
employed by some bassoonists. This is a carved 
wooden crutch, which is attached near the middle 
of the instrument and holds the right thumb web 
space away from the barrel; with this accessory, 
the hand is encouraged to maintain a rather fixed 
position while at the same time permitting full 
freedom of finger motion. This crutch is used 
most commonly by students, although many 
highly skilled performers prefer its additional 
support and control as well. 
 Specific static positions which are needed to 
hold the bassoon correctly include significant 
degrees of adduction and internal rotation of the  
 

 
 
 
 
left shoulder, and both flexion and supination of 
the left elbow. Dynamic instrument support is 
provided by flexion force at the left elbow and 
wrist, although both these joints were found to 
move somewhat during actual playing. The right 
shoulder must be retracted and extended to 
achieve optimal right hand position on the keys at 
the lower end of the instrument. Both thumbs 
must be held in wide abduction to permit the 
hands to fit around the barrels of the instrument; 
the minimum distance required between the pads 
of the thumb and index finger is 6 cm for the 
right hand, 7 cm for the left. 
 All ten bassoonists measured exhibited a 
rather wide variation of basic positions in a 
number of their joints. No specific relationships 
could be determined between height, hand size 
and finger positions. Significant reciprocal 
motions were present between the pairs of 1) right 
shoulder abduction and right wrist flexion and 2) 
right shoulder abduction and internal rotation. 
These variations were related to individual custom 
or comfort while playing, not to the performer’s 
level of skill or years of instrumental experience. 
 The bassoon employs a curved metal pipe, or 
bocal. The reed is attached to the smaller end, 
while the larger one is inserted into the smaller of 
the two instrument barrels at the level of the 
performer’s face. The bocal has a small hole on 
one side which must at times be covered by a 
padded key; the position of this hole determines 
the bocal’s rotational position on the instrument 
and, therefore, the position of the instrument in 
the performer’s hands. The location of this hole 
varies from one bocal to another by a few degrees. 
When the position of the hole causes the bocal tip 
to be aligned slightly to the right of the 
performer’s lips, the instrument must be rotated 
in a  clockwise direction to achieve correct reed 
positioning. This rotation is accomplished by an 
increased flexion of the left wrist and a reciprocal 
extension of the right wrist. The opposite 
situation, that of counterclockwise rotation, also 
may be necessary, accompanied by a consequently 
greater left wrist extension and right wrist flexion; 
the necessary degree of counterclockwise rotation 
can require as much as 45 degrees of right wrist 
flexion in some performers. Excessive amounts of 
wrist flexion, especially for prolonged periods, are 
known to produce median nerve compression and 
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have been implicated in the development of carpal 
tunnel syndrome. Obviously, a position of 
intermediate flexion in both wrists is to be desired 
for comfort, efficient playing, and safety. 
 
MOVEMENT PATTERNS 
 
 The bassoonist’s initial hand posture places 
the fingers on, or just above, the open holes and 
certain keys; the thumbs usually rest lightly on 
various keys but do not depress them. This 
arrangement allows the fingers to assist in 
supporting the instrument, thus relieving some of 
the pressure taken by the left palm. 
 Eight of the performer’s ten digits are called 
upon to play more than one key; only the left ring 
and right long digits are exempt from this 
requirement. The thumbs are especially active in 
this regard, with the left required to operate a 
maximum of 12 keys, and the right, “only” five. 
To complicate matters further, the left thumb 
occasionally must play as many as four keys at one 
time. Some of these keys overlap, permitting 
pressure on one to also move another, but rapid 
changes of pitch often require rather cumbersome 
transitions and can necessitate depressing as many 
as three separate keys simultaneously. Smooth, 
rapid movements among several other sets of keys 
are facilitated by small rollers which are built into 
the adjacent sides of key pairs and act to decrease 
the sliding friction of fingertip motions on metal 
keys. 
 A number of small keys are located between 
the finger holes. These are called trill keys and are 
used to perform rapid repeated movements 
between two closely separated musical notes; each 
one is operated by an adjacent digit which must be 
moved laterally from its usual position. These keys 
also are employed in producing several of the 
higher notes on the instrument and participate in 
some alternate fingering patterns, utilizing both 
right and left hands. 
 As complex as the bassoon’s basic key 
arrangement seems to be, a number of additional 
custom keys are also available for the demanding 
performer. Their use facilitates changes between 
certain notes, as well as being required for some 
alternate fingerings. The thumbs are called upon 
to operate the majority of such special keys, which 
are located among the existing keywork and do  
 
 

 
 
 
not add further to the measured ranges of joint 
motion. 
 The bassoon is an instrument of musical 
color in the band and orchestra.  Both humor and 
dark or mysterious effects are possible throughout 
its wide range of tones, and it also produces the 
bottom, or bass, note of the woodwind choir. Its 
characteristic sounds and timbre in all its musical 
registers have encouraged composers to write a 
wide variety of compositions for it, in varying 
degrees of speed and difficulty; rapid passages are 
frequent but not constant, as is more common in 
the case of a melody instrument. The key 
arrangement often forces the performer to utilize 
a number of awkward hand and finger positions 
and motions to play some of these musical 
passages. 
 The greatest ranges of extremity motions 
measured on the bassoon were in the left hand 
and wrist, occurring during playing of the lowest 
C# (C-sharp) note.  This act required a marked 
increase in forearm supination and wrist flexion, 
as well as extension and adduction of the thumb 
carpometacarpal joint. The next greatest range for 
the left hand is to play two of the highest notes on 
the instrument, Eb (E-flat) and E. Fingering these 
notes requires wide abduction of the left index 
and little metacarpophalangeal joints, and 
performers demonstrated a similar increase in the 
spread of all the right fingers. In addition, a 
secondary increase in extension of the left long 
finger metacarpophalangeal joint was necessary; 
this peculiarity is related to the conjoined 
arrangement of the extensor tendons in the hand 
and occurs when both interphalangeal joints of 
the little finger must be fully extended. 
 Larger arcs of finger motion were observed 
on the performers’ left hands than on the right. 
This difference was due to the greater reach 
required for the left-hand keys and also to the left 
hand’s greater participation in alternate fingerings. 
In addition, the need to play multiple keys with a 
single digit often required that digit to move in 
several directions from its basic resting position, 
which usually was within a cluster of keys, not at 
the periphery. Because of this requirement, the 
musician had to move the active digit in  multiple 
arcs of motion from its starting point, a 
phenomenon which has been demonstrated in 
playing most woodwind instruments. The two  
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thumbs were the most likely digits to produce 
these composite motions, given the large number 
of keys they are required to operate; the ranges for 
the left thumb were correspondingly larger than 
those for the right (12 possible keys versus five). 
These combined ranges were seen more often 
during fingering of rapid and repetitive musical 
passages. Smaller ranges usually were observed 
during slow playing or during a one-finger trill. 
 As has been found with most woodwind 
instruments, a wide individual variation in both 
static and moving positions was observed. 
Significant individual joint variances included: 
 
 65°  –  left I  IP flexion    
 60°  –  left V  PIP flexion   
 50°  –  left wrist radial deviation 
 60°  –  left elbow supination  
 50°  –  left II  PIP flexion 
 50°  –  left III  PIP flexion 

 55°  –  right II  MP flexion 
 60°  –  right I  IP flexion    
 60°  –  right III  PIP flexion 
 
 During the centuries that the bassoon and its 
complex key arrangements were developed, many 
special fingering combinations were devised to 
produce many notes, both singly and as a part of 
musical phrases. Alternate fingerings for a number 
of notes are possible throughout the instrument’s 
musical range, involving unusual combinations of 
keys and holes; these place great demand on the 
flexibility and reach of all ten digits.   
 The left index finger, which usually covers a 
simple hole, often must perform a specialized 
action known as half-hole fingering. The upper half  
 
 

 
 
 
of the hole must be opened to play some specific 
notes, while the lower half remains closed.  This is  
done by supinating and adducting the index 
metacarpophalangeal joint, a rolling motion which 
is not difficult to perform, but which often must 
be done in a repetitious and rapid fashion.   
 A unique action required of bassoonists is 
the use of snip keys or speaker keys, a venting 
technique useful to facilitate the beginning of 
certain notes. This technique requires rapid 
flexion of the left thumb sideways over one or 
more of the five keys located farthest from its 
usual position, momentarily pressing and releasing 
it/them as the note is begun with the performer’s 
breath or tongue. Snip keys are especially useful 
for sounding several adjacent notes in the middle 
range of the instrument, and their use requires 
flexion motions of all three joints of the left 
thumb. 
 
“FAMILY MEMBERS” 
 
 The contrabassoon is the longest and deepest-
sounding member of the double reed family; it is 
twice as long as the standard bassoon and is 
pitched one octave (eight full tones) lower. Its 5.4 
m (17.6 ft) of tubing is arranged in multiple coils 
to maintain a compact overall structure and to 
bring the fingers relatively close to the holes 
needed for sound production. The key 
arrangement is similar to that of the bassoon, with 
the addition of two octave keys and the deletion 
of several keys used for the very high notes on the 
smaller instrument. The keys are spaced more 
widely, but the resulting decrease in facility for 
rapid changes is generally  compensated by a 
proportionate decrease in the technical demands 
of the music written for the contrabassoon.

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

 

29 

7 - Bassoon 

 
 

Bassoon, left upper extremity 
 
 

Motion Mean start position  
(range min — max) 

Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction       5     (0 — 10)       5     (0 — 10) 0 

               flexion     19     (10 — 30)     19     (10 — 30) 0 

               abduction       8     (0 — 30)       8     (0 — 30) 0 

               int. rotation     54     (25 — 70)     55     (30 — 70) 1 

Elbow flexion     98     (85 — 105)     89     (75 — 105) -9 

           pronation    -16     (-65 — 0)    -30     (-65 — -5) -14 

Wrist flexion    -12     (-30 — 15)       4     (-20 — 25) 16 

          radial deviation      -2     (-10 — 10)     11     (-5 — 45) 13 

I    CMC abduction     38     (20 — 50)     25     (0 — 45) -13 

     CMC flexion      -7     (-35 — 5)    -12     (-30 — 5) -5 

     MP flexion     14     (0 — 30)       4     (-15 — 25) -10 

     IP flexion     10     (-5 — 30)       7     (-15 — 50) -3 

II   MP flexion       3     (-5 — 30)       2     (-10 — 15) -1 

     MP abduction       4     (-15 — 15)       5     (-15 — 15) 1 

     MP pronation       5     (0 — 20)       6     (0 — 20) 1 

     PIP flexion     52     (40 — 60)     40     (15 — 65)  -12 

     DIP flexion     21     (5 — 35)     15     (5 — 25) -6 

III  MP flexion      11     (0 — 25)     10     (0 — 30) -1 

      MP radial deviation       0     (-5 — 5)       0     (-5 — 5) 0 

      PIP flexion     56     (30 — 75)     49     (20 — 70) -7 

      DIP flexion     14     (-10 — 40)     21     (10 — 40) 7 

IV  MP flexion     24     (10 — 40)     16     (0 — 40) -8 

      MP abduction       0     (0 — 0)       1     (0 — 10) 1 

      PIP flexion     24     (10 — 40)     24     (10 — 50) 0 

      DIP flexion       6     (0 — 15)       9     (0 — 30) 3 

V  MP flexion     13     (0 — 35)     11     (0 — 25) -2 

     MP abduction       4     (0 — 15)     11     (0 — 25) 7 

     MP pronation       0     (0 — 0)       1     (0 — 5) 1 

     PIP flexion     14     (0 — 45)     13     (-5 — 55) -1 

     DIP flexion     10     (5 — 20)     16     (0 — 40) 6 
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Bassoon, right upper extremity 
 

   
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      -3     (-10 — 0)      -3     (-10 — 5) 0 

               flexion      -6     (-25 — 15)      -6     (-25 — 15) 0 

               abduction     32     (15 — 65)     32     (15 — 65) 0 

               int. rotation     14     (-5 — 55)     14     (-5 — 55) 0 

Elbow flexion     86     (75 — 95)     85     (75 — 95) -1 

           pronation       8     (-5 — 35)       8     (-5 — 35) 0 

Wrist flexion     22     (0 — 45)     23     (0 — 45) 1 

          radial deviation      -2     (-10 — 5)      -1     (-5 — 5) 1 

I    CMC abduction     35     (20 — 50)     35     (20 — 50) 0 

     CMC flexion      -5     (-15 — 0)       3     (-5 — 10) 8 

     MP flexion     14     (0 — 25)     22     (-15 — 35) 8 

     IP flexion      -6     (-30 — 10)       2     (-30 — 30) 8 

II   MP flexion     11     (-25 — 40)       7     (-25 — 30) -4 

     MP abduction       9     (0 — 20)     13     (0 — 30) 4 

     MP pronation       4     (0 — 15)       5     (0 — 15) 1 

     PIP flexion     25     (0 — 50)     20     (0 — 40) -5 

     DIP flexion     20     (0 — 35)     17     (5 — 35) -3 

III  MP flexion      22     (-5 — 40)     16     (-5 — 35) -6 

      MP radial deviation      -3     (-10 — 0)      -2     (-10 — 0) 1 

      PIP flexion     21     (0 — 45)     28     (0 — 60) 7 

      DIP flexion     13     (5 — 20)      12     (0 — 20) -1 

IV  MP flexion     16     (0 — 30)       8     (-5 — 25) -8 

      MP abduction       3     (0 — 15)       1     (-5 — 10) -2 

      PIP flexion       9     (0 — 20)     12     (0 — 30) 3 

      DIP flexion       7     (0 — 20)       8     (0 — 15) 1 

V  MP flexion       4     (0 — 10)       2     (-5 — 15) -2 

     MP abduction       5     (0 — 10)     17     (0 — 30) 12 

     MP pronation       0     (0 — 0)       0     (0 — 0) 0 

     PIP flexion       8     (0 — 20)       7     (-5 — 20) -1 

     DIP flexion     11     (0 — 25)     10     (0 — 25) -1 
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CHAPTER 8 
 
 

SAXOPHONE 
 
 
INSTRUMENT DESIGN 
 
 The Eb (E-flat) alto saxophone is the basic 
instrument of the saxophone family and is the 
model played most commonly in both bands and 
orchestras; it is also the instrument most often 
used by a beginning saxophone student. Its overall 
height is 66 cm (26 in), and it weighs about 2.44 
Kg (5 lb 6 oz). The sax’s metal tubing is conical in 
shape and is usually constructed with a double 
curve or bend at either end; the smallest of the 
family members, the soprano instrument, is also 
manufactured in a straight configuration. Pitches 
or musical notes are changed by opening or 
closing holes in the instrument barrel in various 
combinations, thus changing the length of the air 
column. These holes are covered by metal-backed 
soft pads; the fingers themselves do not close the 
holes directly but press down upon a key attached 
to the metal plate. Two types of keys are 
employed: those where the finger presses directly 
over a padded hole, and those which actuate a 
series of articulated levers to open or close a hole 
which lies at a distance to the musician’s finger. 
Some keys, when depressed, will affect more than 
one hole at a time. Various side keys are located 
adjacent to the index fingers and other digits; 
more will be said about them later. 
 Compared to other woodwind instruments, 
the saxophone’s key arrangement is relatively 
simple. The key arrangement is similar in many 
ways to that of the clarinet, which allows 
performers to play both instruments (“doubling”) 
with minimal physical or mental adaptation and 
with equal facility. 
 
INSTRUMENT SUPPORT 
 
 The weight of the saxophone is supported 
around the performer’s neck by a strap or harness 
which attaches to a ring on the mid-portion of the 
instrument. Correct instrument position and 
balance is achieved by using both hands for 
control. It is held in a diagonal direction across 
the front of the musician’s body, the left hand 

uppermost. Left fingers must flex to pull the 
upper portion of the instrument toward the 
player, while the right thumb pushes it away from 
the hip and pelvic area. This requires pressure 
against both the instrument barrel and a curved 
metal thumb rest. No differences in support 
postures were observed whether the instrument 
was played while standing or sitting.   
 

                
 
         Figure 9. Saxophonist, right oblique view 
 

                
 
         Figure 10. Saxophonist, left oblique view 
 



 
 
 

 

 

32 

8 - Saxophone  

 
 
 Significant joint positions which are needed 
to hold the saxophone include marked left elbow 
flexion and wrist ulnar deviation. There was only a 
20 degree variation in each of these joint positions 
among the ten instrumentalists measured. The 
central three digits of the left hand each 
demonstrated a combined interphalangeal joint 
flexion of approximately 70 degrees. On the right 
side, the thumb was held in wide abduction, a 
posture needed to allow the hand to fit around the 
instrument barrel. In addition, the three central 
digits of the right hand had interphalangeal joint 
positions similar to those of the left. All these 
digital postures are mandated by the size and 
placement of keys on the instrument barrel. The 
range of joint positions among the ten 
saxophonists was somewhat less than for those 
instruments having a barrel of smaller diameter, 
such as the clarinet or oboe. Musicians with larger 
hands often required greater degrees of finger 
flexion to reach the keys than those with smaller 
hands. 
 Some specific static forces which are needed 
to maintain the proper playing position include 
flexion of the left elbow and wrist, with additional 
stabilization provided by flexing the metacarpo-
phalangeal joints of the left fingers. The right 
thumb position must be maintained by 
contraction of its adductor, with assistance 
provided by the wrist extensors. The placement of 
the mouthpiece in the performer’s lips (the 
embouchure) does not require any specific additional 
balancing or supporting forces; indeed, this area 
should be devoid of such forces, thus permitting 
correct use of the facial, tongue and throat 
muscles to produce the proper musical sounds.. 
 
MOVEMENT PATTERNS 
 
 The alto saxophone is a comparative 
newcomer to the band and orchestra, having been 
developed in the mid-19th century by a German, 
Adolph Sax. Its primary role is to add tonal color 
to the music, and therefore it is employed 
frequently in solo or small-group passages. Band 
or wind ensemble compositions frequently require 
the saxophone to assist the trumpets or clarinets 
with melody lines, although not usually with the 
rapid notes which are characteristic of much 
clarinet music. As a solo instrument, the sax  
 
 

 
 
demonstrates its full range of technical and artistic 
capabilities in traditional, modern and jazz 
compositions; it also stands out as one of the 
principal solo instruments of jazz or “big” bands. 
 Individual variation in the static postures 
measured in the ten performers was comparatively 
small; this was a result of the rather fixed hand 
positions which permit the fingers to reach the 
keys and are mandated by the overall design of the 
instrument. Exceptions to these small ranges were 
in flexion of the left little finger metacarpo-
phalangeal and proximal interphalangeal joints, 
right elbow pronation and right index, long and 
little finger flexion at the distal interphalangeal 
joints. In addition, different instrumentalists were 
observed to rest their left little fingers on different 
keys, thus producing a wide variety of static 
postures. None of these observed ranges fell 
beyond the normal arcs of motion for the joints 
involved, and no finger placements required 
uncomfortable static hand postures. 
  Playing most notes on the saxophone 
requires relatively simple movement patterns, 
similar for both right and left upper extremities. 
The fingers all move in arcs of flexion and 
extension to open or close the basic keys. Lateral 
motions from these positions are necessary for 
the left thumb, which must move into extension 
at its basal joint to activate the octave key. Two 
secondary keys are located between the primary 
keys, one operated by each hand, and are 
employed principally for rapid, repetitive changes 
from one note to a musically adjacent one, an 
embellishment known as a trill. These keys are 
worked by an adjacent digit which must move 
laterally from its usual position, necessitating 
specific intrinsic muscle actions. Several of the 
instrumentalist’s fingers are called upon to depress 
more than one key, although never more than one 
at a time.   
 The maximum number of keys required for 
any digit to control is four, and this situation 
occurs only for the two index fingers. In addition 
to the basic key located under the usual position 
of each index digit, a cluster or line of three side 
keys is placed to the radial side of each one. 
Reaching these keys requires increased bilateral 
forearm pronation, as well as index finger 
metacarpophalangeal joint pronation and 
abduction. The little fingers must operate two or 
three keys each; smooth lateral movements from  
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one key to another are facilitated by equipping 
several key pairs with small rollers set into 
adjacent sides of the pair, thus decreasing finger 
friction. 
 Many of the finger joints measured exhibited 
a wide individual variation during the playing of 
different musical passages. In general, these 
variations could be attributed to personal styles, as 
well as to the need for several fingers to play 
multiple keys; both of these factors result in wider 
arcs of digital motion. Interphalangeal joint 
variations among musicians were greater than 45 
degrees in the left index and long digits, while all 
three joints of the left little finger had ranges 
greater than 50 degrees. The right upper extremity 
had fewer joints with such wide variations; the 
only proximal motion so involved was forearm 
pronation, which was needed to allow the index 
finger to reach the three side keys. All fingers of 
the right hand exhibited ranges of greater than 45 
degrees in at least one interphalangeal joint, and 
most did so in a second joint as well. 
 More complex arcs of movement were 
measured in three of the four digits which are 
required to depress more than one key. Motions 
of the left little finger generally began from within 
a cluster of keys, not at the periphery. This digit, 
as well as the two index digits, exhibited motions 
in more than one direction from their static or 
starting positions. This phenomenon was 
demonstrated in six of the ten saxophonists 
measured and was more common in the left hand 
(11 joints)  than the right (nine joints). Three 
performers also demonstrated multiple motion 
arcs in rotation of the left elbow/forearm and 
three others in flexion/extension of the left wrist. 
 These individual variations in joint motions 
were observed in multiple joints of five of those 
six performers. One musician demonstrated 
multiple arcs in no fewer than six different joints; 
two each exhibited a similar activity in four joints, 
while one musician each did so in three and two 
joints, respectively. Wide variations in the range of 
individual joint motions were observed, with 
ranges from 15 to 80 degrees. One of the ten 
instrumentalists demonstrated very large 
composite ranges — 55, 65, 75 and 80 degrees — 
in four joints, but possessed no specific 
demographic or physical characteristics to account 
for this phenomenon. The greatest ranges of 
motion were seen in the left index finger, which is  
 

 
 
required to reach three radially located but rather 
widely separated side keys; this group of keys acts 
to produce four adjacent high notes on the 
saxophone. 
 As the examiner observed with other 
woodwind instruments, the wider ranges of digital 
motion were demonstrated more often while 
playing fast, or fast and repetitive, musical 
passages. The exact mechanism for this difference 
remains unclear; one possible answer is the effect 
of tempo, or speed of playing, on muscle tension. 
Many performers were noted to lift their fingers 
farther off the keys while playing fast music, a 
situation usually not observed when changes from 
one note to another were performed more slowly. 
 
“FAMILY MEMBERS” 
 
 The saxophones are one of the largest 
families of musical instruments, with six members 
of varying sizes and shapes. The smallest, the Bb 
soprano, is manufactured in both straight and 
curved models, each equipped with the same 
number and arrangement of keys. They are 
approximately 30 percent shorter in total length 
than the Eb alto model. Other commonly 
employed family members are the Bb tenor and 
the Eb baritone; the largest saxophones, the Bb 
bass and the double-Eb contrabass, are rarely used 
nowadays. These latter instruments are 
increasingly larger in both length and diameter, 
with each successive model of the same key being 
exactly twice as long as the one before, and 
producing a sound one musical octave (eight full 
tones) lower. These larger members of the family 
have their tubing arranged in the same basic shape 
as the curved alto model, but with greater areas of 
overlap or doubled tubing and with actual coiling 
or looping of the tube seen on the Eb baritone 
and larger models. 
 As the members of this family increase in 
length, their holes and keys become larger and are 
located proportionately farther from one another; 
this requires the performer to reach progressively 
greater distances with the fingers. The largest 
instruments often utilize a variety of articulated 
levers to operate the keys that, on the smaller 
saxes, lie comfortably under the instrumentalist’s 
fingers. The holes and keys on the larger models 
also have a greater diameter, necessitating greater 
length and complexity of levers and requiring  
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greater mechanical forces to move them. This 
increasingly more cumbersome keywork 
progressively lessens the instrumentalist’s ability 
to play rapid musical passages in a smooth 
manner. These technical difficulties, especially in 
the case of the baritone, bass, and contrabass   
 
 

 
 
 
saxophones, usually are offset by having to play 
somewhat less technically demanding music. A 
significant exception to these conditions is seen 
frequently in solo and jazz repertoire, where 
composers can require the performer’s fingers to 
literally fly over the keys from time to time in 
order to play the written notes correctly.
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Alto saxophone, left upper extremity 
 
 

Motion Mean start position  
(range min — max) 

Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      1     (0 — 5)       1     (0 — 5) 0 

               flexion      4     (-5 — 15)       1     (-10 — 15) -3 

               abduction    12     (0 — 30)     15     (0 — 35) 3 

               int. rotation    43     (30 — 60)     48     (30 — 65) 5 

Elbow flexion  114     (105 — 125)   116     (100 — 130) 2 

           pronation      7     (-5 — 20)      -4     (-35 — 20) -11 

Wrist flexion   -11     (-15 — -10)    -26     (-45 — 5) -15 

          radial deviation   -17     (-25 — -5)    -26     (-40 — 0) -9 

I    CMC abduction    34     (20 — 45)     32     (20 — 45) -2 

     CMC flexion   -12     (-25 — -5)    -11     (-25 — 0) 1 

     MP flexion      4     (-10 — 25)       2     (-10 — 20) -2 

     IP flexion     -1     (-10 — 10)       7     (0 — 15) 8 

II   MP flexion    23     (10 — 35)     20     (0 — 45) -3 

     MP abduction      4     (0 — 15)     13     (-10 — 35) 9 

     MP pronation      3     (0 — 15)     13     (0 — 25) 10 

     PIP flexion    47     (30 — 60)     39     (0 — 65) -8 

     DIP flexion    31     (20 — 60)     31     (0 — 60) 0 

III  MP flexion     33     (20 — 40)     23     (0 — 40)  -10 

      MP radial deviation      0     (0 — 0)       0     (-10 — 10) 0 

      PIP flexion    49     (40 — 65)     43     (0 — 90) -6 

      DIP flexion    19     (4 — 35)     24     (-10 — 55) 5 

IV  MP flexion    29     (20 — 45)     21     (0 — 40) -8 

      MP abduction      0     (0 — 0)       0     (0 — 0) 0 

      PIP flexion    46     (30 — 60)     41     (0 — 90) -5 

      DIP flexion    23     (0 — 40)     21     (-10 — 35) -2 

V  MP flexion    36     (5 — 60)     21     (-15 — 65) -15 

     MP abduction      5     (0 — 25)     12     (-20 — 40) 7 

     MP pronation      0     (0 — 0)      -3     (-35 — 30) -3 

     PIP flexion    26     (5 — 55)     26     (0 — 55) 0 

     DIP flexion    17     (0 — 35)     38     (5 — 60) 21 
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Alto saxophone, right upper extremity 
 

   
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      -3     (-10 — 0)      -3     (-10 — 0) 0 

               flexion    -19     (-40 — -5)    -19     (-40 — -5) 0 

               abduction     18     (10 — 30)     18     (10 — 30) 0 

               int. rotation     31     (20 — 40)     33     (20 — 40) 2 

Elbow flexion     94     (75 — 110)   107     (85 — 130) 13 

           pronation     19     (0 — 55)     50     (20 — 80) 31 

Wrist flexion    -23     (-50 — -10)    -28     (-55 — -10) -5 

          radial deviation      -4     (-15 — 5)    -13     (-25 — 0) -9 

I    CMC abduction     43     (30 — 50)     43     (30 — 50) 0 

     CMC flexion       2     (-5 — 10)       3     (-5 — 15) 1 

     MP flexion     13     (-5 — 25)     13     (0 — 25) 0 

     IP flexion       1     (-10 — 15)       1     (-10 — 15) 0 

II   MP flexion     13     (-10 — 30)     16     (-10 — 30) 3 

     MP abduction       8     (0 — 20)       5     (-15 — 15) -3 

     MP pronation       7     (0 — 20)       3     (0 — 10) -4 

     PIP flexion     42     (15 — 60)     42     (15 — 75) 0 

     DIP flexion     29     (4 — 60)     38     (5 — 70) 9 

III  MP flexion      24     (0 — 40)     28     (0 — 45) 4 

      MP radial deviation       0     (0 — 0)       0     (0 — 0) 0 

      PIP flexion     42     (30 — 55)     49     (30 — 65) 7 

      DIP flexion     27     (5 — 60)     28     (5 — 60) 1 

IV  MP flexion     24     (0 — 40)     24     (0 — 40) 0 

      MP abduction       1     (0 — 10)       1     (0 — 10) 0 

      PIP flexion     34     (20 — 45)     47     (15 — 75) 13 

      DIP flexion     15     (0 — 30)     34     (0 — 50) 19 

V  MP flexion     20     (0 — 40)     13     (-10 — 45) -7 

     MP abduction     14     (0 — 25)     18     (0 — 30) 4 

     MP pronation       0     (0 — 0)       3     (0 — 15) 3 

     PIP flexion     18     (0 — 35)     31     (0 — 90) 13 

     DIP flexion     17     (0 — 60)     24     (0 — 40) 7 
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CHAPTER 9 
 
 

TRUMPET 
 
 
INSTRUMENT DESIGN 
 
 The B-flat (Bb) trumpet is the basic member 
of the small brass family; it measures 56 cm (22 
in) in length and weighs 1.25 Kg (2 lb 12 oz). Its 
long, conical metal tube is formed into a 
rectangular set of coils which makes it quite 
convenient to carry, support and play. The length 
of the tubing (and therefore of its air column) is 
changed to produce various musical notes; this is 
accomplished by operation of three piston valves 
which are inserted along the course of the tubing. 
Each valve, when actuated, opens an additional 
length of pipe which causes the tone to be 
lowered by a specific amount. These valves are 
depressed by the right index, long and ring 
fingertips, and have an average piston travel of 
1.75 cm (11/16 in). The left hand is not static and 
must operate two tuning slides or loops of tubing, 
one each relating to the first and third valves, and 
actuated by the thumb and ring fingers 
respectively. These slides have metal rings 
attached, into which the finger is placed; small 
motions of the digit alter slightly the length of the 
tubing, thus subtly increasing or decreasing the 
pitch of the note being played. 
 The description above is characteristic of the 
American trumpet. A different type of valve, 
which is utilized commonly on European 
trumpets, employs a rotary motion to change the 
length of the tubing and is actuated by finger 
pressure on a flat key attached to the valve 
mechanism. The European trumpet is constructed 
so as to be held with its body rotated sideways 
and thus requires some minor changes in both 
right and left hand postures in comparison to the 
American model. All ten musicians in the current 
study played the American-style trumpet; all ten 
instruments were equipped with a tuning slide for 
the third valve, while eight also had one for the 
first valve.  
 
INSTRUMENT SUPPORT 
 
 The trumpet’s weight is supported by the 
hands, with its long axis held approximately at a 

right angle to the body; the performer’s lips are 
applied gently to the cup mouthpiece and the 
fingertips of the right hand rest lightly on the 
valve covers. The elbows usually are held slightly 
away from the body. The left hand provides the 
greater degree of support; the right is 
comparatively unencumbered to permit actuation 
of the three valves. No differences in upper 
extremity postures were noted whether the 
performer chose to play in a seated or standing 
position.  
 

     
 
       Figure 11. Trumpeter, right oblique view 
 

       
 
       Figure 12. Trumpeter, left oblique view 
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 Active stabilizing forces which are required 
to maintain proper playing posture include 
bilateral elbow flexion to the extent needed to 
position the mouthpiece on the performer’s lips 
without undue pressure. In the right hand, these 
forces are mediated through a metal hook which 
is fixed to the tubing beyond the valves and is 
grasped by the little finger. Flexion of its 
interphalangeal joint and adduction of its 
metacarpophalangeal joint are necessary to 
achieve the proper instrument position, as well as 
to stabilize the performer’s right fingers in the 
correct positions on the valves. In addition, the 
fingers of the left hand must grasp the central 
portion of the trumpet firmly, curling around the 
cylindrical valve casings and engaging the tuning 
slides with the thumb and ring finger. This 
grasping action requires forces supplied primarily 
by the long flexors of the radial four digits. 
 Some unusual hand and arm positions are 
necessary to hold the trumpet correctly. The left 
hand grasp mentioned above requires a significant 
degree of wrist ulnar deviation; the mean value 
measured for this position was 32 degrees, with a 
maximum of 45 degrees. Three of the ten 
instrumentalists demonstrated left wrist ulnar 
deviation of 40 degrees or more. The left index 
finger must be adducted or ulnarly deviated at its 
metacarpophalangeal joint, and a mean of 23 
degrees was observed  at this location. The three 
central digits of the left hand have to be flexed 
significantly in order to reach around the valves 
and hold them securely. The mean combined 
flexion observed for all three joints of the index 
finger was 82 degrees, for the long finger 106 
degrees and for the ring finger 104 degrees. On 
the other side of the cluster of valves, the left 
thumb exhibited a mean extension of 35 degrees 
at its carpometacarpal joint. This combination of 
digital positions produced a span of at least seven 
cm between the left thumb and index finger, an 
amount sufficient to hold the instrument 
effectively.   
 The ten instrumentalists exhibited a wide 
variety of static joint positions, primarily as a 
reflection of their personal preferences in ways of 
holding the trumpet. Fewer joints in the right 
hand demonstrated these variations, principally 
because of that hand’s need to maintain a rather 
fixed position to reach the three valves. Individual  
 

 
 
 
variations of greater than 45 degrees were 
demonstrated in all left finger proximal 
interphalangeal joints, in the distal interphalangeal 
joints of the long, ring and little digits, and in 
themetacarpophalangeal joints of the long and 
little fingers. The right hand, by contrast, showed 
a similar wide variation only in the two distal 
joints of the thumb and the two proximal joints of 
the little finger. 
 Many of the individual differences in other 
joints were dependent upon the position in which 
the trumpet was held. Among the ten performers 
there was a tendency to tip the instrument 
sideways to a variable degree, rotating it clockwise 
with respect to the performer’s mouth. The 
valves, therefore, were tilted to the right, resulting 
in decreased extension of the left wrist and a 
reciprocal increase in right wrist extension. Few 
musicians held the trumpet upright with its long 
axis parallel to the floor and its bell pointing 
straight forward. Some degree of downward tilt 
was demonstrated by most players and reflected a 
variety of positions assumed by their shoulders, 
necks and dorsal spines. These composite 
positions could not be determined and recorded 
with accuracy since they involved so many 
individual spinal segments which defy 
conventional measuring techniques. Another 
cause of instrument tilt was the variety of ways in 
which the performers held the mouthpiece to 
their lips (the embouchure). Many factors 
contributed to this variation, including the shape 
and alignment of the instrumentalists’ upper and 
lower jaws, as well as the number, shape, position 
and condition of their teeth.   
 
MOVEMENT PATTERNS 
 
 The trumpet is an instrument of melody, and 
the broad range of music written for it includes 
martial, dramatic, and lyrical styles. Its melodic 
role, however, is different in various musical 
groups. It is required to play rather continuously 
in most compositions for bands, whether they are 
military, symphonic or jazz in nature. In orchestral 
repertoire it is utilized more intermittently, its 
principal function in this setting is to add tonal 
color to the composition. Because of the short 
ranges of motion needed to depress its valves, 
rapid note changes are relatively easy; some 
composers take advantage of this by writing music  
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which may require the performer to play as many 
as 30 notes per second. 
 The basic motions of depressing the valves 
or moving the tuning slides are not complex; they 
primarily involve short arcs of flexion and 
extension for both the right and left hands. The 
first valve, operated by the right index finger, was 
shown to require a mean combined flexion arc of 
19 degrees, most of which was performed by the 
metacarpophalangeal joint (seven of the ten 
trumpeters moved this joint, with an average arc 
of 12 degrees) and by the distal interphalangeal 
joint (an average of 15 degrees was seen in eight 
of the ten). However, the examiner observed a 
broad range of digital patterns, including two 
subjects who extended their index metacarpo-
phalangeal joint; the ten trumpeters exhibited a 
full spectrum of motions (flexion, extension and 
no change) in their proximal interphalangeal 
joints. 
 The second valve is depressed by the right 
long finger; a mean combined flexion arc of 13 
degrees was measured for this action. All 
movements were performed by the two inter-
phalangeal joints, with proximal joint flexion 
averaging 11 degrees in eight of ten performers. 
The distal joint showed a variable pattern, with 
four musicians flexing and four extending that 
joint, while two demonstrated no motion. 
 The third valve is worked by the right ring 
finger and usually is played in combination with 
either the first or second valve. It rarely is used 
alone, since the same notes it produces can often 
be played by depressing the first and second 
valves together. Movement of this third valve 
required a mean flexion arc of 19 degrees. All ten 
performers demonstrated some flexion at their 
ring finger metacarpophalangeal joints (a mean of 
14.5 degrees) but used their interphalan-geal joints 
in varying degrees of flexion and extension. 
 The left hand showed movements during 
normal playing, despite its primary function in 
instrument support. The thumb metacarpo-
phalangeal joint extended an average of 16 degrees 
in six of the eight musicians whose instruments 
were fitted with a first valve tuning slide; the slide 
moved a maximum distance of 1.6 cm (5/8 in). 
This joint exhibited all varieties of motion, with 
no one consistent pattern predominating. Moving 
the third valve slide with the ring digit 1.4 cm   
(9/16 in) required extension  
 

 
 
of both interphalangeal joints and usually was 
accompanied by smaller degrees of extension in 
the adjacent long and small fingers. This 
combined extension motion was a reflection of 
the anatomic structure of the extensor tendons to 
the ring finger, with one tendon slip arising from 
the long digit and one from the little digit. 
 Hyperextension of several digital joints was 
observed during measurement. This phenomenon 
was seen most commonly in the interphalangeal 
joints of the thumbs. Its extent seemed to be 
related directly to the degree of each performer’s 
natural ligamentous laxity and not because of 
weakness in any specific muscle or muscle group. 
However, muscle weakness was implicated in 
extension of the distal interphalangeal joint of the 
right ring finger. This extension pattern was seen 
in six of the ten trumpeters when the third valve 
was depressed and exhibited a mean measurement 
of 11 degrees. It may be secondary to the known 
relative weakness of that digit’s flexor profundus, 
which originates from a common muscle belly 
that also sends tendons to the long and little 
fingers. 
 Hyperextension also occurred quite often in 
the right long finger when the first and third 
valves were played simultaneously. As the index 
and ring metacarpophalangeal joints flexed to 
depress these valves, the long finger assumed a 
position of relative hyperextension to keep that 
digit from depressing the second valve at the same 
time. This adaptive pattern appeared to involve all 
three finger joints and did not seem to be related 
to poor fingering techniques or to years of playing 
experience. 
 
“FAMILY MEMBERS” 
 
 A number of related instruments make up 
the remainder of the trumpet family. Models are 
pitched in the keys of C, D and A and are 
occasionally required for specialized symphonic 
repertoire. These models are built in the same 
configuration as the Bb trumpet and require the 
same basic upper extremity positions and motions 
to hold and play. This also is true for two other 
closely related instruments. The cornet is slightly 
shorter in its overall dimensions but utilizes the 
same three right-hand valves. The Fluegelhorn has 
its coils arranged in a larger rectangle and is 
equipped with a somewhat larger bell, but also 
requires the same basic finger motions. 
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 A family member possessing greater 
differences is the piccolo trumpet, whose overall 
dimensions are approximately 40 percent smaller 
than the standard Bb model. Since its size places 
the valves closer to the performer’s mouth, 
greater bilateral elbow flexion is required, but 
other joint positions are comparable to those of 
the standard  
 
 
 

 
 
trumpet. Additionally, the piccolo trumpet usually 
is equipped with a fourth piston valve, located 
next to the third, which most often is played by 
the performer’s right little finger. In some 
instances, perhaps as a reflection of personal 
preference, this valve may be operated by the left 
index finger; this situation requires some minor 
changes in the posture of the performer’s left 
hand, but it produces no great changes in most 
joint positions. 
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Trumpet, left upper extremity 
  
  

Motion Mean start position  
(range min — max) 

Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      1     (0 — 5)      1     (0 — 5) 0 

               flexion    43     (30 — 70)    43     (30 — 70) 0 

               abduction    14     (0 — 30)    14     (0 — 30) 0 

               int. rotation    36     (20 — 55)    36     (20 — 55) 0 

Elbow flexion  106     (95 — 115)  106     (95 — 115) 0 

           pronation   -14     (-35 — 0)   -14     (-35 — 0) 0 

Wrist flexion   -12     (-25 — 0)   -12     (-25 — 0) 0 

          radial deviation   -32     (-45 — -25)   -33     (-45 — -25) -1 

I    CMC abduction      7     (-5 — 30)      4     (-5 — 25) -3 

     CMC flexion   -35     (-50 — -20)   -38     (-60 — -15) -3 

     MP flexion    18     (0 — 45)    19     (0 — 35) 1 

     IP flexion    29     (10 — 55)    20     (-5 — 55) -10 

II   MP flexion    34     (15 — 55)    35     (15 — 55) 1 

     MP abduction   -23     (-35 — 0)   -21     (-35 — 0) 2 

     MP pronation     -4     (-20 — 0)     -4     (-20 — 0) 0 

     PIP flexion    42     (10 — 80)    39     (10 — 55) -3 

     DIP flexion    40     (20 — 60)    37     (10 — 60) -3 

III  MP flexion     44     (15 — 75)    28     (0 — 75) -16 

      MP radial deviation     -3     (-15 — 0)     -4     (-5 — 0) -1 

      PIP flexion    61     (40 — 90)    23     (0 — 50) -38 

      DIP flexion    45     (20 — 75)    22     (0 — 45) -23 

IV  MP flexion    16     (-5 — 35)    12     (0 — 50) -4 

      MP abduction      0     (-5 — 10)     -1     (-5 — 0) -1 

      PIP flexion    50     (15 — 95)    27     (0 — 55) -23 

      DIP flexion    54     (20 — 95)    15     (0 — 55) -39 

V  MP flexion    28     (-10 — 95)    22     (-10 — 95) -6 

     MP abduction      5     (-5 — 30)      3     (-5 — 30) -2 

     MP pronation      2     (0 — 20)      2     (0 — 20) 0 

     PIP flexion    36     (10 — 70)    21     (0 — 70) -15 

     DIP flexion    43     (0 — 75)    21     (0 — 70) -22 

Trumpet 
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Trumpet, right upper extremity 
 

       
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      1     (0 — 5)      1     (0 — 5) 0 

               flexion    44     (35 — 55)         44     (35 — 55) 0 

               abduction    23     (10 — 30)    23     (10 — 30) 0 

               int. rotation    36     (15 — 60)    32     (5 — 60) -4 

Elbow flexion  103     (95 — 120)  103     (95 — 120) 0 

           pronation      5     (0 — 10)      5     (0 — 10) 0 

Wrist flexion   -15     (-40 — 10)   -15     (-40 — 10) 0 

          radial deviation      1     (-5 — 10 )      1     (-5 — 10) 0 

I    CMC abduction    44     (35 — 55)    44     (35 — 55) 0 

     CMC flexion     -6     (-20 — 5)     -5     (-20  — 10) 1 

     MP flexion    34     (10 — 70)    34     (10 — 70) 0 

     IP flexion      8     (-60 — 65)      8     (-60 — 65) 0 

II   MP flexion    28     (20 — 40)    34     (10 — 50) 6 

     MP abduction      3     (0 — 20)      2     (0 — 20) -1 

     MP pronation      1     (0 — 10)      1     (0 — 10) 0 

     PIP flexion    43     (20 — 55)    43     (25 — 55) 0 

     DIP flexion    25     (10 — 40)    38     (10 — 55) 13 

III  MP flexion     25     (10 — 40)    24     (10 — 55) -1 

      MP radial deviation      0     (0 — 0)      0     (0 — 0) 0 

      PIP flexion    48     (35 — 60)    59     (55 — 65) 11 

      DIP flexion    30     (10 — 45)    32     (15 — 65) 2 

IV  MP flexion    16     (5 — 25)    32     (15 — 55) 16 

      MP abduction      0     (0 — 0)      0     (0 — 0) 0 

      PIP flexion    39     (20 — 55)    41     (20 — 55) 2 

      DIP flexion    21     (15 — 35)    21     (10 — 40) 0 

V  MP flexion    21     (5 — 55)    20     (0 — 55) -1 

     MP abduction    11     (0 — 25)    10     (0 — 25) -1 

     MP pronation      0     (0 — 0)       0     (0 — 0) 0 

     PIP flexion    23     (5 — 55)    24     (5 — 55) 1 

     DIP flexion    17     (5 — 35)    20     (5 — 35) 3 
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CHAPTER 10 
 
 

FRENCH HORN 
 
 
INSTRUMENT DESIGN 
 
 The French horn is a mid-sized member of 
the brass family of instruments. Its long, narrow, 
conical metal tube is arranged in a circular 
configuration and ends in a large, flaring bell 
which has an average diameter of 30.5 cm (12 in). 
The diameter of its coils is 33 cm (13 in), and it 
weighs an average of 2.58 Kg  (5 lb 11 oz). Sounds 
are produced by blowing air into the tubing 
through a metal cup mouthpiece. 
 The horn produces its varied musical notes 
partially by altering the length of the air column. 
This is accomplished by opening up additional 
segments of tubing to the flow of air, thus 
lowering the pitch of the notes played. Rotary 
valves are incorporated into the primary tubing 
mechanism, and their operation admits air to the 
additional lengths of tubing; they are actuated by 
fingertip pressure on a flat metal key attached to 
the valve mechanism. Each valve key moves an 
average distance of 6 mm (1/4 in) to open or 
close its section of tubing. The first, second and 
third valves are operated by the left index, long 
and ring fingers, respectively.   
 There are two basic types of French horns. 
The single horn has three valves and usually is 
played by beginning horn students, whether they 
are learning it as their first brass instrument or 
transferring to it from another member of the 
brass family. The double horn is played by more 
advanced students and by most professionals and 
serious amateurs. In addition to the usual three 
valves, it is built with a fourth rotary valve, 
operated by the left thumb and engaging an 
additional length of tubing. Use of the fourth 
valve allows the standard three valves to sound an 
additional series of notes, extending the horn’s 
musical range downward by more than half an 
octave (more than four full tones). 
 
INSTRUMENT SUPPORT 
 
 The horn’s weight n is supported by the 
performer’s hands, its cup mouthpiece resting 

comfortably on the lips. The left little finger is 
hooked around a curved support attached to the 
instrument’s tubing, pulling the instrument 
upwards and toward the player’s mouth. Static 
stabilizing forces for this action are concentrated 
on the ulnar collateral ligaments of the little finger 
metacarpophalangeal and proximal interp-
halangeal joints. Active stabilizing forces are 
produced by flexion of the left shoulder and 
elbow, and by flexion and adduction of the left 
little finger.   
 The right upper extremity participates in one 
of two ways, depending on the performer’s 
method of holding the instrument; approximately 
half the performers evaluated held it one way, half 
the other. When the horn is played “off the knee,” 
its weight is supported primarily by the 
instrumentalist’s right hand, which is placed inside 
the bell and helps lift the instrument to the 
performer’s lips. Passive supporting forces are 
concentrated primarily on the thenar and 
hypothenar muscle groups, while dynamic 
stabilizing forces are provided by the shoulder 
abductors and external rotators, as well as by the 
elbow and wrist flexors.  
 

           
 
 Figure 13. French hornist, playing “off the knee” 
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 The second support technique is described as 
“on the knee,” which means that the weight of the 
instrument is taken on the distal portion of the 
right thigh. The right hand plays a much smaller 
supportive role in this technique; its primary 
function is to help position the instrument 
correctly on the performer’s lips and to alter the 
air column for sound modification.  
 

          
 
Figure 13. French hornist, playing “on the knee,” 
right oblique view 
 

        
 
Figure 14. French hornist, playing “on the knee,” 
left oblique view 

 
 
 
  Several specific, unusual postures are 
required to hold and play the French horn 
correctly. The left thumb must be separated 
widely from the fingers to reach its valve on the 
double horn, with the carpometacarpal joint 
extended (radially abducted) a mean of 29 degrees 
in the ten performers measured; the variation 
from one musician to another was large, ranging 
from 50 degrees of extension to 25 of flexion. 
Because of this position, the two distal thumb 
joints were held in flexion, with a mean combined 
position of 39 degrees. Composite flexion of all 
left hand finger joints was necessary to place the 
finger pads of the three central digits on the keys 
and to hold the little finger against its supporting 
ring. The mean flexion totals for these joints were 
106 degrees for the index finger, 116 for the long, 
102 for the ring and 126 for the little. 
 Right hand positions of significance include 
the “intrinsic plus” posture of the fingers, 
consisting of flexion of the metacarpophalangeal 
joints and somewhat less than full extension of all 
interphalangeal joints. The thumb also assumed 
this posture, usually being held in flexion at its 
metacarpophalangeal joint and extension at its 
distal joint. This attitude allowed the performer to 
place the hand correctly inside the bell of the 
horn, accommodating to its progressively 
decreasing diameter away from the bell’s opening. 
In addition, those musicians who played their 
horn on the knee demonstrated more right 
shoulder flexion and less abduction than those 
who played off the knee. 
 There was a wide individual variation in the 
measured static joint positions, especially seen in 
the left hand. Ranges of 50 degrees or more were 
measured for internal rotation of the left shoulder, 
metacarpophalangeal joint flexion of all digits 
except the index and distal interphalangeal joint 
flexion in the ulnar three digits.  By contrast, the 
right upper extremity was more constrained 
because of its position inside the horn’s bell; only 
elbow/forearm pronation and wrist flexion 
exhibited static variations greater than 50 degrees. 
 
MOVEMENT PATTERNS 
 
 The French horn plays distinctly different 
musical roles in the orchestra and in the wind 
ensemble or band. In the former, it produces a  
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specific musical sound color, both as a member of 
the horn choir and as a middle voice within the 
entire brass ensemble. It occupies a similar role in 
wind ensemble repertoire, especially when the 
traditional four horn parts are played together. 
Military bands employ the French horn not only 
in this latter mode but also as an instrument of 
rhythm; the “offbeat” notes of marches and other 
compositions traditionally are played by the horn 
section. Some of the horn’s roles are an outcome 
of the mechanical nature of its valves. The rotary 
valve operates indirectly through a string 
connection between the key and the rotating air 
deflection mechanism, while the piston valve is 
moved directly by finger pressure on the valve 
pad. Thus, the more slowly acting rotary valve is 
not able to play quite as many notes per second as 
the piston valve, so the blazing speed and 
technical facility of the trumpet cannot easily be 
duplicated by the French horn. 
 The horn’s four valves are operated by 
flexion of the left thumb and fingers; no lateral or 
rotational movements are required. All ten 
musicians measured exhibited these comparatively 
simple patterns, although they demonstrated a 
wide range of individual variation. 
 The thumb valve is depressed primarily by 
flexion of the interphalangeal joint; this action was 
demonstrated by eight of the ten musicians, with a 
mean observed arc of 21 degrees. Two 
instrumentalists extended that joint but of 
necessity also flexed their metacarpophalangeal 
joints to move the valve fully.  Five of the ten 
flexed the latter joint an average of 14 degrees; the 
associated interphalangeal joint movements were 
flexion in two performers (as mentioned above) 
and extension in three. Four other instru-
mentalists extended their metacarpophalangeal 
joints, with a mean measurement of six degrees; 
these four also flexed their interphalangeal joints 
an average of 24 degrees.  All ten hornists 
exhibited a mean combined flexion arc in all three 
thumb joints of 25 degrees. 
 The first valve is operated by the left index 
finger. The ten performers exhibited all varieties 
of  motion at the metacarpophalangeal joint, 
including hyperextension; this latter motion was 
observed in three musicians, with a mean arc of 
25 degrees. The proximal interphalangeal joint 
was flexed a mean of 19 degrees by eight of the 
ten, and the distal interphalangeal joint by six of  
 

 
 
 
the ten, with a mean of 21 degrees. Four 
perfomers flexed both joints while depressing this 
valve, producing a mean combined arc of 31 
degrees. Two others, who flexed their proximal 
interphalangeal joints for this action, actually 
extended their distal joints at the same time, thus 
producing a functional boutonniere pattern. 
Combined flexion arcs for the three joints of the 
index finger described an individual variation of 
ten to 40 degrees, with a mean of 21 degrees.   
 Movement of the second valve also 
produced a variable pattern of long finger 
metacarpophalangeal joint motion, with extension 
demonstrated by half the performers; the mean 
extension arc was 16 degrees. The one joint which 
exhibited a consistent pattern of motion was the 
proximal interphalangeal, with nine of the ten 
hornists flexing it an average of 18 degrees. Distal 
interphalangeal joint motions were variable, with a 
wide individual range observed; four of the ten 
extended this joint while five flexed it. The 
combined flexion arcs for the three joints of the 
long finger had a wide individual range, from five 
degrees of extension to 35 of flexion, with a mean 
measurement of nine degrees of flexion. The 
negative combined values which were observed 
for this digit indicate that other upper extremity 
joints (especially the wrist) must have participated 
in the overall motion to achieve the flexion 
movement required to depress this valve.   
 The third valve is not employed by itself very 
often but usually is played in combination with 
the first and/or the second. The same lowering of 
the tone by the third valve is duplicated by 
depressing the first and second valves 
simultaneously, an action which often is more 
convenient. As has been observed with other 
digits on other valves, the ring finger 
metacarpophalangeal joint moved in a variety of 
directions. Four of the ten performers extended it 
with a mean motion of 15 degrees, while another 
five did not move it at all. The proximal 
interphalangeal joint was flexed a mean of 21 
degrees by eight of the ten, and the distal by a 
mean of 14 degrees by a different eight musicians; 
six of these demonstrated flexion of both joints. 
Individual variation while depressing this valve 
resulted in a range of the combined arcs of finger 
flexion from 15 degrees of extension to 60 of 
flexion, with a mean of 15 degrees of flexion. As 
reported previously regarding the second valve,  
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combined negative flexion ranges also were 
exhibited for the third; this phenomenon also 
reflected the contribution of flexion by adjacent 
joints in accomplishing this task.   
 Additional variations in movement patterns 
were observed in a number of other joints in the 
left upper extremity. Ranges greater than 45 
degrees were documented for internal rotation of 
the left shoulder and for flexion at the following 
areas: thumb carpopmetacarpal joint, all fingers’ 
metacarpophalangeal and distal interphalangeal 
joints, and the proximal interphalangeal joints of 
the long and ring digits. 
 The right hand is not static while the French 
horn is played. It serves not only to support and 
position the instrument but to assist in altering its 
tone. The effect of this alteration is known as the 
stopped horn and is achieved by inserting the right 
hand farther into the horn’s bell, thus closing the 
sound hole somewhat; this action produces a 
more muffled, choked or “stuffy” sound which is 
required in certain musical compositions. Several 
specific motions were observed consistently 
during the right hand’s change from the standard 
position to that of the stopped horn, including 
increases in flexion and adduction of the thumb 
carpometacarpal joint. The fingers also moved 
into a greater “intrinsic plus” position, with more 
flexion observed in all metacarpophalangeal joints 
and extension in the interphalangeal joints. Wide 
individual variation in the ranges of these 
movements was measured in only three joints of 
the right upper extremity: forearm pronation of 70 
degrees, and flexion of 55 degrees at the wrist and 
the thumb interphalangeal joint. This lack of 
variation emphasizes the rather fixed positions of 
instrument support required of the right hand, 
with few individual options available to the 
performer. 

 
 
 
“FAMILY MEMBERS” 
 
 The French horn is unique among brass 
instruments in its construction and in its left-
handed valve arrangement. It is the modern 
version of the original hunting horn, which had 
no valves and which exists today in the form of 
the natural horn. This uncommonly played 
instrument, like its predecessor, has no valves; all 
its musical notes are produced by changes in the 
position and tension of the performer’s lips on 
the mouthpiece (the embouchure) and by changes in 
the position of the performer’s right hand within 
the instrument’s bell. Support of the natural horn 
is on the knee, freeing the right hand for its 
movements inside the bell. The left hand acts 
basically to hold the mouthpiece against the 
performer’s lips.  
 The only other instrument which can be 
considered as a family member is the mellophone, 
which is employed primarily in marching bands 
and by beginning horn students who previously 
have played trumpet or another piston valve 
instrument. The mellophone is constructed in a 
reverse configuration to that of the French horn, 
with its bell located to the performer’s left side, 
and employs three piston valves which are 
operated by the right hand (the same as for the 
trumpet or baritone horn). Some models, which 
are designed primarily for use in marching bands, 
are constructed with the bell facing directly 
forward. Upper extremity positions used to 
support the mellophone are almost a mirror image 
of those observed for the French horn, while the 
right hand motions required to actuate the valves 
are virtually the same as for the trumpet (see 
Chapter 9).
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French horn, left upper extremity 
 

   
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      6     (0 — 20)      6     (0 — 20) 0 

               flexion    43     (25 — 70)    43     (25 — 70) 0 

               abduction    12     (0 — 25)    12     (0 — 25) 0 

               int. rotation    34     (10 — 75)    34     (10 — 75) 0 

Elbow flexion    92     (75 — 105)    92     (75 — 105) 0 

           pronation     -3     (-10 — 0)     -3     (-10 — 0) 0 

Wrist flexion   -17     (-35 — 10)   -17     (-35 — 10) 0 

          radial deviation      3     (-5 — 10)      4     (-5 — 15) 1 

I    CMC abduction    28     (0 — 50)    28     (5 — 50) 0 

     CMC flexion   -29     (-50 — 25)   -26     (-45 — 25) 3 

     MP flexion    25     (0 — 50)    31     (0 — 45) 6 

     IP flexion    14     (0 — 40)    30     (0 — 45) 16 

II   MP flexion    49     (25 — 65)    44     (5 — 65) -5 

     MP abduction      1     (0 — 10)      1     (0 — 10) 0 

     MP pronation      1     (0 — 5)      1     (0 — 5) 0 

     PIP flexion    34     (20 — 60)    49     (30 — 80) 15 

     DIP flexion    23     (10 — 55)    34     (-5 — 55) 11 

III  MP flexion     47     (20 — 75)    41     (5 — 65) -6 

      MP radial deviation      0     (0 — 0)      0     (0 — 0) 0 

      PIP flexion    43     (30 — 70)    59     (40 — 80) 16 

      DIP flexion    26     (10 — 65)    25     (-5 — 65) -1 

IV  MP flexion    39     (10 — 70)    34     (5 — 55) -5 

      MP abduction      0     (0 — 0)      0     (0 — 0) 0 

      PIP flexion    42     (30 — 70)    54     (35 — 75) 12 

      DIP flexion    21     (0 — 55)    29     (0 — 65) 8 

V  MP flexion    35     (10 — 65)    30     (10 — 65) -5 

     MP abduction      8     (0 — 20)      9     (0 — 20) 1 

     MP pronation      5     (0 — 25)      5     (0 — 25) 0 

     PIP flexion    42     (25 — 60)    36     (5 — 60) -6 

     DIP flexion    49     (15 — 70)    50     (15 — 80) 1 
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French horn, right upper extremity 
 

   
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction     -1     (-5 — 0)     -1     (-5 — 0) 0 

               flexion      3     (-10 — 20)      7     (-10 — 20) 4 

               abduction    24     (10 — 40)    21     (5 — 40) -3 

               int. rotation    19     (0 — 30)    20     (5 — 30) 1 

Elbow flexion    91     (80 — 100)    91     (80 — 100) 0 

           pronation     -9     (-60 — 15)   -21     (-60 — 10)   -12 

Wrist flexion   -10     (-30 — 25)   -27     (-50 — 5) -17 

          radial deviation      9     (-5 — 25)      7     (-5 — 20) -2 

I    CMC abduction      9     (0 — 25)      6     (0 — 25) -3 

     CMC flexion   -20     (-35 — 5)   -13     (-30 — 0) 7 

     MP flexion    36     (20 — 50)    36     (20 — 55) 0 

     IP flexion      8     (0 — 40)    10     (-5 — 50) 2 

II   MP flexion    49     (25 — 65)    57     (25 — 70) 8 

     MP abduction     -3     (-15 — 0)     -4     (-15 — 0) -1 

     MP pronation      0     (0 — 0)      0     (0 — 0) 0 

     PIP flexion    10     (0 — 25)    16     (0 — 35) 6 

     DIP flexion      6     (0 — 20)      7     (0 — 15) 1 

III  MP flexion     50     (30 — 65)    57     (35 — 75) 7 

      MP radial deviation      0     (0 — 0)     -1     (-5 — 0) -1 

      PIP flexion    11     (0 — 25)    12     (0 — 40) 1 

      DIP flexion      3     (0 — 10)         3     (0 — 10) 0 

IV  MP flexion    37     (20 — 50)    48     (25 — 65) 11 

      MP abduction      0     (0 — 0)      0     (0 — 0) 0 

      PIP flexion    15     (0 — 35)    13     (0 — 40) -2 

      DIP flexion      4     (0 — 15)      4     (0 — 15) 0 

V  MP flexion    31     (10 — 45)    40     (15 — 55) 9 

     MP abduction     -1     (-10 — 0)     -3     (-10 — 0) -2 

     MP pronation      0     (0 — 0)      0     (0 — 0) 0 

     PIP flexion    11     (0 — 30)      9     (0 — 35) -2 

     DIP flexion      6     (0 — 20)      5     (0 — 25) -1 
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CHAPTER 11 
 
 

TROMBONE 
 
 
INSTRUMENT DESIGN 
 
 The trombone occupies an intermediate 
position in size and musical range among the 
members of the brass instrument family. Its tube 
is coiled into a long double loop, with a movable 
central segment called the slide, and ends in a 
flared bell which points forward, in line with the 
long axis of the instrument.  Extension of the 
slide by the performer’s right upper extremity 
progressively lengthens the air column and thus 
lowers the musical note. This looped segment of 
tubing can be extended a distance of 56 cm (22 
in), thus adding twice that length (112 cm or 44 
in) to the instrument. Extending the slide to its 
maximum lowers the pitch one-half a musical 
octave, or more than three full tones. The closed 
length of the standard tenor trombone is 117 cm 
(46 in); full extension of the slide to the so-called 
seventh position changes the overall length to 173 cm 
(68 in). The instrument’s weight is about 1.56 Kg 
(3 lb 7 oz). 
 The trombone’s pitch can be lowered further 
by incorporating an additional length of tubing in 
line with the primary configuration. The left 
thumb performs this action by opening a rotary 
valve which admits air to the extra tubing. Six of 
the ten trombonists evaluated played instruments 
equipped with such an F valve.  
 
INSTRUMENT SUPPORT 
 
 The trombone can be played while sitting or 
standing; the musician’s choice of position does 
not affect the artistry of performance or the static 
postures needed to hold the instrument, and it has 
a minimal effect on the movements needed to 
make music (more on this point later). The entire 
weight of the trombone is supported by the 
performer’s hands, which must hold the long axis 
of the instrument parallel to the floor and thus 
permit its cup mouthpiece to rest gently on the 
lips. 
 
 

 

 
 
        Figure 16. Trombonist, right oblique view 
            

 
  
         Figure 17. Trombonist, left oblique view 
  
 Several specific static forces are required to 
maintain this position. Most important is bilateral 
elbow flexion, with the greater force required on 
the left side. The fingers of the left hand have the 
primary responsibility of holding the trombone 
securely, and must maintain a position of 
continuous flexion of the interphalangeal joints to 
achieve this. The extrinsic radial deviators and  
flexor muscles in the forearm also must contract 
continuously. By contrast, right hand forces are 
less intense and not as constant, since this hand 
must function to move the slide in and out.  
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Various special positions are required to hold the 
trombone correctly.  Abduction and external 
rotation of the left shoulder were shown to form a 
reciprocal pair of postures, with increases in 
abduction requiring proportional decreases in 
external rotation to keep the instrumentalist’s 
hand in front of his/her face; naturally, the 
opposite combination was also observed. 
 The performer’s elbows must be flexed 
severely; a mean of 127 degrees of flexion was 
measured for the left side and 120 degrees for the 
right. When the slide is in the closed, or first, 
position, the right hand is held approximately 10 
cm (4 in) from the performer’s mouth. The left 
hand is always positioned just lateral to the left 
cheek. The ulnar three fingers of the left hand 
must be flexed firmly to grasp the tubing and thus 
stabilize the trombone, while the left thumb must 
maintain a position of wide carpometacarpal 
extension (a mean of 42 degrees was measured) 
with no palmar abduction. The left thumb 
interphalangeal joint was held at a mean flexion of 
34 degrees, whether or not the instrument played 
was equipped with an F attachment. Although the 
fingers of the right hand were not required to grip 
the slide with undue force, they still demonstrated 
significant digital flexion when the slide was in the 
closed position. The combined arcs of finger 
flexion measured on the ten trombonists were: 
 
 LT II 69°   RT II 106° 
  III 174°    III 114° 
  IV 181°    IV 107° 
  V 174°    V 98° 
 
The fingers on the left hand did not move from 
their static positions, with the exception of small 
digital movements which were needed to actuate 
the left hand valves. 
 Variations in static positions from one 
trombonist to another reflected their personal 
preferences in holding the instrument. Major 
differences were observed in left elbow/forearm 
pronation, with a 60 degree range, and with 
variations greater than 45 degrees seen in all left 
hand digits except the little finger distal inter-
phalangeal joint. Such wide variations were less 
prevalent in the right upper extremity, with flexion 
ranges more than 45 degrees measured only in the 
proximal interphalangeal joint of the index finger,  
 
 

 
 
 
the proximal two joints of the long finger and in 
all three joints of the little finger. 
 
MOVEMENT PATTERNS 
 
 The trombone plays a variety of musical 
roles, often depending on the group in which it is 
employed. In the orchestra, it furnishes tonal 
color and may impart a sense of drama (both 
bright and dark in timbre), usually in collaboration 
with other brass instruments (e.g. a brass 
ensemble). Music written for concert or military-
type bands frequently requires the performance of 
rapid and lyrical countermelodies, playing 
“against” the melodic lines of both clarinets and 
trumpets. When the trombone is employed as a 
solo instrument, it must be able to perform a 
variety of fast, precise and repeated slide 
movements for the most demanding of classical 
and jazz repertoire. 
 As is true of most brass instruments, the 
greater number and ranges of motions needed to 
play the trombone are performed by the right 
upper extremity; the French horn seems to be the 
sole exception to this situation. The degree of 
difference in function between the right and left 
sides of the body is most marked in the 
trombone. No other wind instrument requires 
such a wide total range of movement in the right 
upper extremity. Great sweeping arcs of motion 
are needed to move the slide among its seven 
positions, a task that often must be done rapidly 
and repetitively.   
 Extending the slide from first to seventh 
positions required movements of the trunk as well 
as the entire right upper extremity and shoulder 
girdle. Although trunk rotation was not measured 
formally in the case of most wind instrumentalists, 
the trombonists proved to be a necessary 
exception. The examiner observed left trunk 
rotation of approximately 10-15 degrees in most 
trombonists, especially those of small stature. 
Although the degree of motion was very difficult 
to estimate in those who played while standing, 
stabilization of the pelvis by sitting allowed 
somewhat more accurate trunk measurements. 
Protraction of the right shoulder, with a mean 
measurement of 20 degrees, was observed in all 
ten trombonists; this range of movement was in 
addition to a mean of 34 degrees flexion and a 
mean external rotation of 16 degrees exhibited for 
that joint. 
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Figure 18. Trombonist playing in seventh 
position, right oblique view 
 
 Distally, the right elbow was found to extend 
completely in all ten musicians, with a mean arc of 
121 degrees from first to seventh positions. This 
amount of extension was needed to move the 
hand and slide away from the body in a straight 
line and was accompanied by other consistent 
changes in right upper extremity joint positions. 
Terminal supination of the elbow/forearm 
measured 47 degrees, during which time the wrist 
was flexed to a mean of nine degrees. All finger 
joints on the right hand moved into varying 
degrees of extension to permit the slide to reach 
the seventh position. However, the instrumentalist 
still had to preserve some control over the slide’s 
travel, and thus a small degree of flexion in 
various finger joints was observed even while the 
slide was fully extended.   
 The left hand was minimally active during 
playing. Operation of the F valve by the left 
thumb required a mean flexion of 34 degrees at 
the interphalangeal joint. Only two of the six 
trombonists utilizing this valve also flexed their  
 
 

 
 
 
thumb metacarpophalangeal joint, and these only 
with a mean of ten degrees; thus, actuation of the 
F valve was achieved primarily by flexion of the 
thumb interphalangeal joint. All other joints of the 
left upper extremity demonstrated no significant 
motions during performance. 
 
“FAMILY MEMBERS” 
 
 The standard tenor trombone is one of a 
small family of similar instruments employed in 
modern musical compositions. The alto 
trombone, approximately 40 percent smaller, 
possesses a higher tone and requires a 
proportionately shorter movement of its slide. 
The much more commonly employed bass 
trombone has the same overall length as the tenor 
model, and its slide extends the same distance.  
However, the diameters of its bore and bell are 
somewhat larger, and it is equipped with an 
additional rotary valve which on some 
instruments is actuated by the performer’s left 
long finger. This movement is accomplished by 
flexion of both interphalangeal joints, with a 
combined measured mean of 22 degrees. In other 
cases, the valve lies adjacent to the F valve and 
can be depressed by the left thumb, using the 
same basic motions. The extra tubing actuated by 
this valve increases the bass trombone’s low 
musical range, and allows it to substitute musically 
for the tuba in some brass ensembles. 
 A less commonly seen family member is the 
valve trombone, a tenor instrument equipped with 
three piston valves similar to those of the 
trumpet, and without a movable slide.  These 
valves are played with the right index, long and 
ring fingers; in addition, there usually is no F 
attachment on the valve trombone. The right 
upper extremity movement arcs for this 
instrument, therefore, are comparable to those 
obtained for the trumpet (see Chapter 9). 
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Trombone, left upper extremity 
   

 
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      1     (0 — 5)      1     (0 — 5) 0 

               flexion    39     (25 — 55)    40     (30 — 55) 1 

               abduction    16     (0 — 30)    13     (-5 — 30) -3 

               int. rotation    36     (15 — 60)    38     (15 — 60) 2 

Elbow flexion  127     (120 — 135)  127     (120 — 135)    0 

           pronation     -5     (-55 — 5)     -5     (-55 — 5) 0 

Wrist flexion     -3     (-15 — 15)     -3     (-15 — 15) 0 

          radial deviation     -1      (-10 — 10)     -1     (-10 — 10) 0 

I    CMC abduction      2     (-5 — 20)      1     (-10 — 20) -1 

     CMC flexion   -42     (-55 — -25)   -43     (-55 — -30) -1 

     MP flexion    16     (-10 — 40)    17     (0 — 50) 1 

     IP flexion    34     (5 — 75)    55     (5 — 80) 21 

II   MP flexion    31     (-5 — 50)    31     (-5 — 50) 0 

     MP abduction      1     (-5 — 5)      1     (-5 — 5) 0 

     MP pronation      2     (0 — 20)      2     (0 — 20) 0 

     PIP flexion      9     (-15 — 50)      9     (-15 — 50) 0 

     DIP flexion    29     (0 — 55)    28     (0 — 55) -1 

III  MP flexion     64     (10 — 90)    64     (10 — 90) 0 

      MP radial deviation     -9     (-20 — 0)     -9     (-20 — 0) 0 

      PIP flexion    78     (45 — 100)    78     (45 — 100) 0 

      DIP flexion    32     (0 — 55)    32     (0 — 55) 0 

IV  MP flexion    80     (30 — 100)    80     (30 — 100) 0 

      MP abduction      1     (0 — 5)      1     (0 — 5) 0 

      PIP flexion    69     (40 — 95)    69     (40 — 95) 0 

      DIP flexion    32     (0 — 60)    32     (0 — 60) 0 

V  MP flexion    78     (25 — 90)    78     (25 — 90) 0 

     MP abduction     -1     (-5 — 0)     -1     (-5 — 0) 0 

     MP pronation      0     (0 — 0)      0     (0 — 0) 0 

     PIP flexion    60     (20 — 80)    60     (20 — 80) 0 

     DIP flexion    36     (15 — 60)    37     (20 — 60) 1 
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Trombone, right upper extremity 
 

   
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      3     (0 — 5)    23     (15 — 35) 20 

               flexion    32     (20 — 40)    66     (50 — 75) 34 

               abduction    15     (0 — 40)    13     (-10 — 45) -2 

               int. rotation    52     (35 — 65)    36     (5 — 70) -16 

Elbow flexion  120     (110 — 125)     -1     (-5 — 0) -121 

           pronation     -3     (-15 — 10)   -50     (-70 — 5) -47 

Wrist flexion   -16     (-30 — 0)     -8     (-30 — 5) 8 

          radial deviation     -8     (-25 — 10)     -5     (-20 — 5) 3 

I    CMC abduction    35     (25 — 45)    26     (0 — 40) -9 

     CMC flexion     -6     (-15 — 5)   -12     (-40 — 5)      -6 

     MP flexion    24     (15 — 35)    27     (0 — 40) 3 

     IP flexion    17     (-5 — 35)    10     (-10 — 45) -7 

II   MP flexion    40     (20 — 55)    27     (0 — 50) -13 

     MP abduction     -7     (-25 — 0)     -2     (-10 — 0) 5 

     MP pronation     -1     (-10 — 0)      0     (0 — 0) -1 

     PIP flexion    40     (0 — 70)    20     (0 — 60) -20 

     DIP flexion    26     (15 — 40)    19     (0 — 35) -7 

III  MP flexion     49     (25 — 65)    31     (0 — 50) -18 

      MP radial deviation     -4     (-15 — 0)     -1     (-5 — 0) 3 

      PIP flexion    42     (20 — -65)    17     (0 — 40) -25 

      DIP flexion    23     (10 — 40)    18     (0 — 30) -5 

IV  MP flexion    52     (20 — 70)    36     (0 — 55) -16 

      MP abduction      0     (0 — 0)      3     (0 — 20) 3 

      PIP flexion    40     (0 — 65)    13     (0 — 35) -27 

      DIP flexion    15     (0 — 40)    11     (0 — 20) -4 

V  MP flexion    45     (10 — 70)    27     (10 — 50) -18 

     MP abduction      1     (0 — 10)      1     (0 — 10) 0 

     MP pronation      0     (0 — 0)      0     (0 — 0) 0 

     PIP flexion    35     (0 — 75)    18     (5 — 30) -17 

     DIP flexion    18     (0 — 60)    10     (5 — 20) -8 
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CHAPTER 12 
 
 

TUBA 
 
 
INSTRUMENT DESIGN 
 
 The tuba family includes the largest of all the 
brass wind instruments.  The tuba’s long, conical 
tube is coiled into a roughly rectangular, making it 
much less cumbersome to carry, hold and play. Its 
large flared bell, common to all members of the 
family, extends from the upper end of the 
instrument. There is a wide variability of size, 
shape and weight among the various members of 
this family, and their musical ranges extend from 
the middle notes of the piano to some of the 
deepest bass tones possible for any wind 
instrument. 
 The musical pitch is changed by altering the 
length of the tuba’s air column, which extends 
from its cup mouthpiece to the bell. This is 
accomplished by operating valves interposed in 
the line of the tubing; each valve opens an 
additional length of tubing which lowers the pitch 
of the note being played. Each valve activates a 
different length of tubing, producing a different 
sound or pitch; a combination of valves opened 
simultaneously will have an additive effect on 
lowering the pitch. 
 Many instruments are fitted with rotary 
valves, equipped with an extended key or flat plate 
which is depressed by one of the performer’s 
fingers. Others employ piston valves which use a 
to-and-fro motion; these are depressed by pushing 
down on a pad located directly upon the top of 
the valve stem. All family members are fitted with 
at least three valves, while some have as many as 
six; these may be either the rotary or piston types, 
or a combination of both, and may be operated by 
one or both hands. 
 The orchestral tuba traditionally has four or 
five valves; the first four are operated by the 
fingers of the performer’s right hand. When a 
fifth valve is employed, its placement on the 
instrument determines whether it is to be worked 
by either the right or left thumb. Other 
instruments in the tuba family are constructed 
with varying arrangements of valves; these will be 
discussed later in the chapter. 

 Fine adjustments in the pitch of various 
musical notes can be achieved by the use of tuning 
slides, which are movable segments of tubing 
incorporated into the individual valve’s 
mechanism. These slides are operated by motions 
of the central three rays of the left hand. Opening 
or closing a slide produces subtle changes in the 
pitch of various tones, thus helping to keep the 
instrument “in tune” with others in the ensemble.   
 
INSTRUMENT SUPPORT 
 
 Tubas are held in front of the performer’s 
body while seated, with the majority of the 
instrument’s weight resting on the chair, between 
the musician’s thighs. These instruments require 
significant muscular strength for their support. 
The instrumentalist’s arms grasp or are wrapped 
around the tuba’s coils, holding the instrument 
closely to the body and bringing the valves into 
the proper position to be played by the right hand. 
Most of the upper extremity support is provided 
by the left side, which must control the majority 
of the instrument’s weight including its heavy bell, 
which projects upward and to the performer’s left. 
 

          
 
              Figure 19. Tubist, frontal view 
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           Figure 20. Tubist, left oblique view  
 
 The nature of the forces required to support 
the tuba depend on the holding technique 
employed by the left upper extremity; two basic 
patterns are commonly seen. When the 
performer’s left hand is placed on top of the coils, 
the major stabilizing forces include left shoulder 
abduction and flexion, elbow flexion and flexion 
of all three joints of all fingers. However, when 
the left hand is held against the lower coils, this 
limb must maintain stable flexion forces in the 
shoulder, elbow, wrist and all finger joints. 
 Pertinent right upper extremity supporting 
forces include elbow flexion; this is required to 
position the instrumentalist’s fingers against the 
valves and assists in maintaining a stable position 
of the tuba’s lower coils. In addition, the bulky 
shape and large size of this instrument require 
maintenance of an erect spinal posture for 
instrument support and musical performance, and 
all ten tubists evaluated were able to do so without 
difficulty. However, specific measurements of the 
multiple vertebral joint forces and positions 
necessary to hold and play the tuba correctly were 
beyond the scope of this study and were not 
performed for this or any other instrument. 
 The forces described above are specific for 
playing a rotary valve tuba.  The piston valve 
model, on the other hand, is held much 
differently. Although the valves are played by the 
same right hand fingers, the mouthpiece and its 
leadpipe are placed to the performer’s left of the  

 
 
 
bell, and the bell itself is tipped to the performer’s 
right instead of the left. The right upper extremity 
not only must operate the valves but also must 
control the majority of the tuba’s weight. This 
force is concentrated on the right palm, especially 
the radial side, and on the dorsum of the thumb, 
and requires stabilizing by wrist radial deviation 
and elbow flexion to maintain proper instrument 
position. The left upper extremity functions more 
to pull the instrument up, moving its weight from 
the instrumentalist’s right to the left. This requires 
supination and flexion of the elbow and flexion of 
the wrist. 
 From the above descriptions, it becomes 
obvious that the positions which are required for 
tuba support are dependent upon the size and 
shape of each individual instrument. The ten 
performers measured for this study played 
instruments which varied in size and design, and 
thus  demonstrated a wide range of positions for 
most joints. To assist in the evaluation of a 
performer’s specific physical problem and to plan 
appropriate treatment and rehabilitation, it is 
imperative that he/she be examined with the 
instrument, in both static and playing postures; 
this requirement is important for all 
instrumentalists but is mandatory for the tubist, 
whose instrument has the greatest variation of all 
in size, shape and valve layout.  
 Great differences in static positions were 
observed among the ten tubists measured; 
individual joint variation greater than 45 degrees 
was seen in 16 of 30 left upper extremity 
positions, with a maximum of 105 degrees 
demonstrated for wrist flexion/extension. The 
right side exhibited fewer of these wide ranges, in 
only 11 out of 30 joint positions, with a maximum 
of 120 degrees observed in forearm 
pronation/supination. All these wide ranges 
reflected the great individual differences in 
methods of supporting the tuba, as well as the 
variety of instruments employed. Left-sided joints 
which exhibited the greatest variation in position 
included the shoulder, wrist, basal joint of the 
thumb and all nine interphalangeal joints. In the 
right upper extremity, personal preferences were 
partially responsible for the wide variations also 
measured there; other determinants included the 
particular type of tuba played and the variety of 
valve configurations. Right upper extremity 
positions with large measured ranges included the 
shoulder (internal rotation only), the elbow and  
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wrist, and all interphalangeal joints of the index, 
long and ring digits.   
 Several joint positions were found to be 
common among all ten tubists. The left 
glenohumeral joint showed a mean abduction of 
42 degrees, regardless of the instrument’s specific 
design. The left thumb demonstrated a mean 
carpometacarpal extension of 23 degrees, an 
amount necessary to reach around the large-
diameter tubing of the instrument. Composite 
flexion of the three joints of the left fingers was 
observed in all ten performers, with a mean of 107 
degrees for the index, 128 for the long, 127 for 
the ring and 104 for the little. This combination of 
postures placed the fingertips in a line, distributing 
the instrument’s weight equally on all four digits. 
 
MOVEMENT PATTERNS 
 
 The tuba is the lowest-voiced brass wind 
instrument and provides a strong, powerful 
musical foundation for the wind ensemble and 
band. Its role in these groups is similar to that 
played by the double bass in the orchestra. It is 
played more continuously in wind instrument 
repertoire than in the orchestra; in the latter 
ensemble, it is employed less often, but always to 
add a brass “color” and a solid foundation to the 
music. The tuba is employed infrequently as a solo 
instrument, and then often in a novelty or 
specialty manner. The large size of its mouthpiece 
and its rotary valve mechanisms preclude the 
rapid changes of notes characteristic of the 
trumpet (with its smaller piston valves), although 
on occasion a tubist will play some trumpet solo 
repertoire on a piston valve-equipped instrument. 
 Seven of the ten tubas had rotary valves, 
while three had the piston variety. Each finger of 
the musician’s right hand was required to move 
only one valve, but frequently more than one was 
played or depressed at the same time.   
 The first valve, which is operated by the right 
index finger, required a mean combined digital 
flexion arc of 26 degrees; all three finger joints 
moved toward a position of greater flexion, with 
the metacarpophalangeal joints flexing the most.  
Nine of the ten instrumentalists demonstrated 
flexion of this metacarpophalangeal joint. Seven 
of the ten flexed the proximal interphalangeal 
joint a mean of 12 degrees, while three extended it  
an average of ten degrees. The distal interphalan-
geal joint was flexed by five tubists with a mean  

 
 
 
measurement of 11 degrees, extended by four 
with a mean of ten degrees, and moved in variable 
directions by one performer. 
 The second valve is moved by the right long 
finger; this motion was measured at a mean 
combined arc of 13 degrees, consisting of flexion 
at the two proximal finger joints and extension at 
the distal one. Metacarpophalangeal joint flexion 
was observed in five musicians, with an average 
arc of 25 degrees, while four extended the joint a 
mean of 13 degrees and one showed a variable 
pattern of motion. The proximal interphalangeal 
joint was flexed by six performers with a mean of 
25 degrees, extended by two with a mean of eight 
degrees and had variable motion by two others. 
Distal interphalangeal joint motions included 
extension by seven tubists, averaging 17 degrees; 
one flexed the joint 30 degrees, and two demon-
strated no obvious digital motion on valve 
depression. 
 The third valve, operated by the right ring 
finger, exhibited joint motions following the same 
basic pattern as for the second valve; a mean 
combined flexion arc of 19 degrees was recorded. 
The metacarpophalangeal joint was flexed by 
seven instrumentalists with a mean of 20 degrees, 
while two extended it an average of 22 degrees 
and one did not move it. Proximal interphalangeal 
joint motions included flexion by six, averaging 21 
degrees, extension by three with a 13-degree 
mean, and with no motion exhibited by one 
tubist. The distal interphalangeal joint was 
extended by seven with a mean of 24 degrees, 
extended by two with a four-degree mean and not 
moved by one.  
 All ten instruments evaluated were equipped 
with a fourth valve, and all were operated by the 
performer’s right little finger. The combined 
flexion arc for this digit was seven degrees on 
average, with flexion exhibited by the proximal 
and distal finger joints, and extension by the 
middle one. Four performers flexed the 
metacarpophalangeal joint a mean of 23 degrees, 
four extended it a mean of 19 degrees, and two 
showed no motion. The proximal interphalangeal 
joint was extended by seven tubists, averaging 11 
degrees; flexion of ten degrees was measured in 
one, while two showed no motion. The distal joint 
was flexed by four performers, averaging 28 
degrees, extended by five others with a mean of 
13 degrees and not moved by the tenth person. 
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 The four tubas equipped with a fifth valve 
were of two different configurations: on three 
instruments, this valve was operated by the right 
thumb, while the other one required left thumb 
action. The functioning carpometacarpal joint 
(right or left) was flexed an average of 15 degrees 
by two tubists, extended five degrees by one and 
not moved by the fourth. Metacarpophalangeal 
joint flexion of 25 degrees was measured for one 
person, while the other three did not move that 
joint during valve depression. The interphalangeal 
joint provided most of the motion, with an 
average of 37 degrees flexion seen in three 
performers and extension of ten degrees in the 
other. 
 Combinations of valves frequently played 
together included numbers 1-2, 2-3, 1-3, and 
occasionally 2-4 and 1-2-3. During these 
combined valve movements, some performers 
used finger and hand motions in multiple 
directions from the starting position; this activity 
often differed from the motions needed to 
depress a single valve. The tuba was one of the 
few brass instruments to demonstrate this 
phenomenon, which was seen much more 
commonly in members of the woodwind family. 
This was observed in five performers, four with 
the right hand and one with the left; four also 
demonstrated this combined movement in 
multiple joints, with two performers having four 
such complex motions. 
 Large ranges of individual joint motions were 
exhibited by many tubists, and in many different 
joints. Those ranges of more than 45 degrees 
included 20 of 30 motions in the left upper 
extremity and 13 of 30 in the right. The left hand, 
which usually operated a tuning slide, showed 
these wide variations in the metacarpo-phalangeal 
joints of all four fingers as the digits moved from 
a basic “intrinsic minus” position to that of  
“intrinsic plus.” A greater individual range was 
demonstrated in movements of the right upper 
extremity than in its basic position.  The greatest 
of these ranges were flexion of the distal joint of 
the thumb (especially when moving a valve), 
flexion of the proximal joint of the long finger 
and flexion of both the proximal and distal joints 
of the little finger. 
 
“FAMILY MEMBERS” 
 
 

 
 
 
 Members of the tuba family vary widely in 
size and musical range, as well as in their valve and 
bell configurations. The smallest commonly 
employed varieties are the baritone horn and 
euphonium, both of which are about one-half the 
total size of the tuba and produce sounds one 
musical octave (eight full tones) higher; both can 
be cradled rather comfortably in the performer’s 
arms. Their bells face upward or forward, 
depending on the curve of the instrument’s 
smaller tubing, and they are equipped with three 
or four piston valves. These instruments are 
utilized primarily in bands and wind ensembles, 
and have a musical role comparable to that of the 
cello in the orchestra. The baritone and 
euphonium are held in a more upright position 
than the tuba and require a greater degree of right 
elbow flexion; the additional four performers who 
were evaluated on these instruments exhibited a 
mean of 105 degrees flexion.    
 Both the euphonium and baritone horn 
required the same patterns of right hand motions 
during valve depression as for the orchestral tuba. 
Combined digital flexion arcs averaged 23 degrees 
for the index finger, 13 for the long, three for the 
ring and 12 for the little.  In addition, the left 
thumb was required to adjust a tuning slide, 
during which the greatest amount of flexion was 
observed at its interphalangeal joint. Some 
euphonium models are constructed with the 
fourth valve located in a lower position and 
operated by the left index finger; the flexion 
ranges for this digit during valve depression were 
comparable to those of the right index finger. 
Considering their smaller size, finger movements 
can be more rapid than for the orchestral tuba, 
permitting playing of more notes per second. 
 Other full-sized members of the tuba family 
include the now-uncommon upright tuba or 
recording bass, whose bell faces forward and whose 
weight usually is supported by a floor stand. No 
stabilizing forces are required of the performer, 
who sits behind it to play. This instrument usually 
is equipped with three or four piston valves which 
are operated by the fingers of the right hand 
andrequire ranges of motion similar to those for 
the standard piston valve tuba. 
 A special variety of tuba is designed to be 
carried and played while the performer is standing 
or marching; this instrument is called 
theSousaphone and is named for the former great 
bandmaster John Philip Sousa. Its coiled tubing is  



 
 
 

 

 

58 

12 - Tuba    
 
 
arranged in a circular configuration and includes a 
large central opening which allows the instrument  
to be placed over the performer’s head and 
shoulders. The instrument’s entire weight rests 
onthe left shoulder and its bell faces forward. The  
 
 

 
 
 
performer’s left hand provides the primary 
stabilization for the Sousaphone, while the right 
hand operates three piston valves which are 
located on the lower coils at the front of the 
instrument. 
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Tuba, left upper extremity 
   

 
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      4     (0 — 20)      5     (0 — 25) 1 

               flexion    27     (0 — 65)    28     (0 — 65) 1 

               abduction    42     (15 — 95)    41     (15 — 95) -1 

               int. rotation    10     (-15 — 45)      9     (-30 — 45) -1 

Elbow flexion    89     (70 — 110)    84     (50 — 110) -5 

           pronation   -18     (-50 — 20)   -18     (-70 — 20) 0 

Wrist flexion      5     (-35 — 70)    10     (-35 — 70) 5 

          radial deviation   -11     (-30 — 10)   -13     (-30 — 10) -2 

I    CMC abduction      8     (-15 — 35)      9     (-15 — 35) 1 

     CMC flexion   -23     (-60 — 10)   -18     (-60 — 10) 5 

     MP flexion    13     (-5 — 25)    14     (-5 — 25) 1 

     IP flexion    17     (-5 — 60)    17     (-5 — 60) 0 

II   MP flexion    32     (15 — 50)    31     (0 — 60) -1 

     MP abduction     -1     (-5 — 0)     -1     (-5 — 0) 0 

     MP pronation      0     (0 — 0)      0     (0 — 0) 0 

     PIP flexion    44     (20 — 70)    47     (25 — 70) 3 

     DIP flexion    31     (0 — 65)    33     (-5 — 60) 2 

III  MP flexion     43     (25 — 60)    47     (15 — 65) 4 

      MP radial deviation      0     (0 — 0)      0     (0 — 0) 0 

      PIP flexion    47     (25 — 75)    40     (5 — 75) -7 

      DIP flexion    38     (-5 — 75)    35     (5 — 75) -3 

IV  MP flexion    40     (20 — 65)    48     (10 — 80) 8 

      MP abduction      0     (0 — 0)      0     (0 — 0) 0 

      PIP flexion    51     (30 — 100)    45     (10 — 110) -6 

      DIP flexion    36     (10 — 70)    29     (5 — 70) -7 

V  MP flexion    38     (20 — 65)    43     (0 — 75) 5 

     MP abduction      1     (0 — 10)      3     (0 — 15) 2 

     MP pronation      0     (0 — 0)      0     (0 — 0) 0 

     PIP flexion    34     (5 — 85)    35     (5 — 80) 1 

     DIP flexion    32     (10 — 60)    30     (5 — 60) -2 
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Tuba, right upper extremity 
 

   
Motion Mean start position  

(range min — max) 
Mean end position  
(range min — max) 

Total arc 
(mean) 

--------------------------------- ------------------------------ ------------------------------ -------------- 
Shoulder protraction      5     (0 — 15)      5     (0 — 15) 0 

               flexion    33     (5 — 50)    33     (5 — 50) 0 

               abduction    25     (10 — 50)    25     (10 — 50) 0 

               int. rotation    30     (-5 — 50)    30     (-5 — 50) 0 

Elbow flexion    96     (70 — 120)    97     (70 — 120) 1 

           pronation     -9     (-50 — 70)   -10     (-50 — 70) -1 

Wrist flexion    16     (-10 — 40)    20     (5 — 40) 4 

          radial deviation   -21     (-40 — 0)   -22     (-40 — 0) -1 

I    CMC abduction    10     (-10 — 40)    10     (-10 — 40) 0 

     CMC flexion   -27     (-40 — 0)   -25     (-40 — 0) 2 

     MP flexion      8     (0 — 30)    10     (0 — 30) 2 

     IP flexion    20     (-5 — 40)    31     (-5 — 60) 11 

II   MP flexion      9     (0 — 30)    26     (5 — 45) 17 

     MP abduction     -1     (-20 — 10)      2     (0 — 15) 3 

     MP pronation      1     (0 — 5)      3     (0 — 20) 2 

     PIP flexion    30     (10 — 60)    36     (5 — 65) 6 

     DIP flexion    21     (5 — 60)    24     (0 — 50) 3 

III  MP flexion     14     (0 — 35)    24     (0 — 55) 10 

      MP radial deviation     -2     (-10 — 0)     -2     (-10 — 0) 0 

      PIP flexion    33     (5 — 65)    47     (5 — 85) 14 

      DIP flexion    20     (0 — 65)      8     (-15 — 65) -12 

IV  MP flexion    17     (0 —35)    44     (35 — 65) 27 

      MP abduction      2     (0 — 20)      3     (0 — 20) 1 

      PIP flexion    24     (0 — 55)    34     (0 — 60) 10 

      DIP flexion    15     (0 — 50)     -3     (-15 — 5)   -18 

V  MP flexion    16     (0 — 45)    21     (-5 — 50) 5 

     MP abduction    10     (0 — 30)      9     (0 — 30) -1 

     MP pronation      1     (0 — 10)      4     (0 — 40) 3 

     PIP flexion    12     (0 — 45)      5     (-5 — 20) -7 

     DIP flexion    12     (0 — 25)    20     (-5 — 55) 8 
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Abduction, palmar — Movement of the thumb 

away from, and at right angles to, the 
plane of the palm. 

Abduction, radial — Movement of the thumb 
away from the index finger in a direction 
parallel to the plane of the palm. 

Beat — A metrical pulse, indicating the speed of 
playing a piece of music. 

Bell — The opening of a wind instrument at the 
end opposite the mouthpiece. 

Bocal — On the bassoon, a curved metal tube to 
which the reed is attached; also crook. 

Brasses — A family of tubular wind instruments, 
most often made of brass; common 
members include trumpets, horns, 
trombones and tubas. 

Conical (tubing) — Metal tubing used for brass 
instruments, having a smaller internal 
diameter (bore) near the mouthpiece and 
gradually increasing in diameter toward 
the bell. 

Contra — A lower octave; extra-low voiced 
(sounding). 

Crutch — A shaped wooden or plastic device 
attached to a bassoon, supporting the 
right hand in a proper position; also, 
handrest. 

Doubling — Capable of playing two or more 
different instruments. 

Embouchure — The placement of the lips, jaws 
and facial muscles for playing a wind 
instrument. 

Fork fingering — A pattern of digital placement 
on the oboe, with the index and ring 
fingers pressing down on keys and the 
long finger uplifted. 

Horn, natural — A type of French horn without 
valves; pitches are changed by varying the 
tension on the player’s lips and by 
changing hand position within the bell. 

Horn, stopped — The sound made by a French 
horn when played with the performer’s 
right hand closing off the opening of the 
bell. 

Hypermobility — A condition of joints which 
possess a range of motion greater than 
normal. 

 

 
 
Key — A movable lever used to open or close a 

hole on a woodwind instrument, or to 
move a valve on a brass instrument. 

Key, octave  — A key on some woodwind 
instruments which, when depressed, 
raises the pitch of the played note by at 
least one musical octave. 

Key, offset — A key placed out of the normal line 
of keys, usually on the flute. 

Key, side — A key placed away from the usual 
row of keys on the barrel of a woodwind 
instrument and operated by the side of 
the index finger. 

Key, snip — On the bassoon, one of several keys 
played with a rapid sideways motion by 
the left thumb, momentarily opening a 
tone hole as a note is begun.  Also, speaker 
key 

Key, trill — Any key on a woodwind instrument 
used specifically (but not necessarily 
exclusively) for the production of a trill. 

Leadpipe — On brass instruments, the metal 
tubing which connects the mouthpiece to 
the rest of the instrument. 

Note — (1) A symbol used in musical notation to 
represent the duration of a sound, and 
often its pitch.  (2) A musical tone. 

Octave — An interval of sound bounded by two 
pitches with the same pitch names and 
with the higher having twice the 
frequency of the lower. 

Off the knee — A technique of playing the 
French horn in which the instrument bell 
is supported only by the performer’s right 
hand and does not touch the thigh. 

Offbeat — A musical beat occurring after a 
metrically stronger beat; also, afterbeat 

On the knee — A technique of playing the French 
horn in which the instrument bell is 
permitted to rest on the performer’s right 
thigh. 

Open hole — On some woodwinds, a hole in the 
barrel not covered by a metal key, and 
designed to be closed by the pulp or tip 
of the finger. 

Passage — Any section of a musical composition. 
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Pitch — The perceived quality of a sound that is 

primarily a function of its frequency 
(measured in oscillations per second, or 
Hertz). 

Reed — A thin elastic strip, fixed at one end and 
free at the other, set into vibration by 
moving air. 

Ring — A circular metal lever surrounding an 
open hole on a woodwind instrument, 
and articulating with a distant key. 

Rollers — Small metal or polypropylene cylinders 
set into adjacent sides of two keys, and 
built to roll under the performer’s finger 
during movements from one key to 
another. 

Slide — A U-shaped segment of cylindrical 
tubing, fitted over two straight segments 
of tubing in such a way as to be able to 
move in and out easily, thus changing the 
instrument’s effective length, and with it, 
the pitch of the note being played. 

Slide, tuning — A slide having a very short range 
of movement; used to make minor 
adjustments in the pitch of a note. 

Soprano — The high-voiced or high-pitched 
member of an instrument family. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Tempo — The speed at which music is 

performed. 
Timbre — Tone color. 
Trap drums — A set of drums, cymbals and other 

percussion devices arranged closely to 
one another and played by one seated 
musician. 

Trill — A musical ornamentation or 
embellishment consisting of the rapid 
alteration of a note with the one next 
above it. 

Valve, piston — A mechanical device consisting 
of a piston moving up and down within a 
cylindrical casing, producing a change in 
the sounding length of the instrument. 

Valve, rotary — A mechanical device utilizing a 
rotor which rotates own its own axis 
within a cylindrical casing, producing the 
same effect on an instrument’s sound as 
does a piston valve (c.f.). 

Woodwinds — A family of wind instruments 
characterized by an enclosed, vibrating 
wind column set into motion by a reed or 
by blowing across or through an aperture 
in the barrel; the family includes flutes, 
clarinets, oboes, bassoons and 
saxophones.
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INDEX 
 
 
Baritone horn — see Horn, baritone     
Bassoon      6, 25-30  
Bocal      26 
Brass (winds)     ii, 7, 37, 43, 45, 46, 49-51, 54, 56, 57 
Clarinet      5, 6, 15-19, 20, 31, 32, 50 
     alto      17 
     bass      17, 26 
     contra-alto     17 
     contrabass     17 
     E-flat (Eb) soprano   17 
Contrabassoon    28 
Cornet      39  
Crutch       26 
Double bass     26, 56 
Doubling        31 
Dupuytren’s contracture   1 
Dystonia, focal     1 
Embouchure     15, 32, 38, 46 
Euphonium     57 
Fingering(s)     16, 22, 25, 27, 28, 39 
     alternate     16, 25, 27, 28 
     fork      22 
     half-hole     20, 28 
Fluegelhorn     39 
Flute      10-14, 16   
     alto      12 
     bass      12 
Fork fingering — see Fingering, fork   
French system (bassoon)   25    
German system (bassoon)  25 
Hole(s)       10, 12, 15-17, 20,25-28, 31, 33, 46 
 Half-hole (bassoon)   28 
                        (oboe)   20 
Heckel system (bassoon)   25 
Horn       
     baritone     46, 57 
     double     46, 44 
     English     22 
     French     6, 43-48, 50 
     natural     46 
     single      43 
     stopped     46 
Hyperextension    6, 9, 11, 21, 39, 45 
Hypermobility     6, 11 
Inflammation     1 
Key(s)      5-8, 10-12, 15-17, 20-22, 25-28, 31-34, 37, 39, 43-45, 54 
     octave      28, 32 
     offset      10, 12 
     rollers on     11, 27, 33 
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     side      21, 31-33 
     snip      28 
     speaker     28   
     trill      17, 20, 27, 32 
Ligament(s)     6  
     ulnar collateral    11, 15, 20, 43 
Mellophone     46 
Nerve compression    1, 2, 26 
Oboe      6, 20-24, 32 
     bass      22 
     d’amore     22 
     musette     22 
Overuse      1, 2, 15 
Peg, support     26 
Performing arts medicine  ii, 1-3 
Piccolo      12 
Reed(s)      ii, 15, 20, 22, 26, 28     
Saxophone     6, 31-36 
       soprano     31, 33 
   alto      31 
     tenor      33 
     baritone     ii, 33, 34 
     bass      26, 34 
     contrabass     26, 34 
Slide       5, 6, 8, 49-51 
     tuning      6, 37-39, 54, 57 
Sousaphone     57, 58 
Strain, muscle     1, 15, 21 
Strap       
     neck      15, 20, 25, 31 
     seat      25, 26 
Tendinitis     1 
Tenosynovitis     1 
Trauma      1 
Trill       17, 20, 21, 28, 32 
Trombone     6, 49-753 
     alto      51 
     bass      51 
     valve      51 
Trumpet      7, 32, 37-42, 45, 46, 50-52  
     piccolo     40 
Tuba      5-7, 51, 54-60 
     upright     57 
Tumor(s)      1 
Valve      5-8, 37-40, 43-49, 49-51, 54-58 
     “F’      49, 51 
     Piston      37, 40, 45, 46, 51, 54, 55, 56-58 
     Rotary      37, 43, 45, 49, 51, 54-56 
Woodwinds     6, 7, 15, 22, 25, 27, 28, 31, 33, 57 
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