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 Flutists have reported musculoskeletal pain from practicing and performing their 

instrument. This study was a statistical approach to investigate potential causal risk factors for 

flute related pain among high school and college students.  The study focused on the relationship 

between flute related pain and musical background or anthropometric measurements including 

size, strength and flexibility. Subjects included thirty high school and college-aged flutists who 

were assessed using a questionnaire, bi-lateral anthropometric measurements of the upper-

extremities, upper-extremity performance tests for range of motion, isometric strength and 

rotation speed, and instrument specific questions.  Four questions regarding pain associated with 

flute playing were treated as dependent variables and used for correlation and regression 

analyses with other independent variables. A six-factor regression model was created and each 

model was statistically significant. 

Results of this study show that strength, flexibility, pain spots, and exposure are risk 

factors for flute related pain.  Both left and right pinch strength and right isometric pronation 

strength were significantly correlated to flutists experiencing pain while playing. Knowledge of 

these factors in relationship to pain is needed in flute pedagogy to help teachers and performers 

understand why flutists report pain during and after playing.  Additional studies are warranted 

for replication of this study and for determining the clinical and pedagogical relevance of these 

findings. 
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INTRODUCTION 
 

As defined by the International Association for the Study of Pain (IASP), pain is “an 

unpleasant sensory and emotional experience associated with actual or potential tissue damage, 

or described in terms of such damage”.1 Pain can be physiological, psychological, or mechanical 

in nature. Physical pain can occur acutely or chronically and vary in intensity from slight to 

severe. Acute pain is confined to a given amount of time and severity, usually less than six 

weeks whereas chronic pain persists over an extended period of time. Mechanical pain refers to 

back or neck pain from tissue damage which is caused by putting abnormal stress and strain on 

the muscles which support the vertebral column.2   Psychological pain is a defense mechanism to 

chronic pain and can actually increase the intensity of pain experienced by an individual. 

Flute playing requires repetition and rapid movement of the fingers, force exertion, and 

assuming an unnatural posture for prolonged periods of time.3  The three primary variables to the 

onset of musculoskeletal problems and pain include repetition, posture and overexertion. Upper-

extremity disorders or injuries are reported as the fastest growing occupational musculoskeletal 

problems in the United States, Canada, Europe, Japan, and Australia.4 In 1991, Statistics Canada 

reported that wrists, hands, and fingers accounted for 21% of all injuries.5  This makes upper-

extremity injuries second to only injuries of the back. 

 

 

                                                
1 H Merskey and N Bogduk, "Part III: Pain Terms, A Current List with Definitions and Notes on Usage," 
[http://www.iasppain.org/AM/Template.cfm?Section=Pain_Definitions&Template=/CM/HTMLDisplay.cfm&Conte
ntID=1728], accessed January 7, 2008.  
2 “Mechanical Pain,” [http://www.thewellingtonpainunit.com/what-is-pain.asp#n4], accessed January 10, 2008. 
3 Dawson, William J.:  “Common Problems of Wind Instrumentalists.”  Medical Problems of Performing Artists, 
Vol. 12, No. 4:  107-112, 1997. 
4 Shrawan Kumar, “A Conceptual Model of Overexertion, Safety, and Risk of Injury in Occupational Settings,” 
Human Factors, Vol. 36, No. 2 (1994):198. 
5 Kumar, “A Conceptual Model of Overexertion, Safety, and Risk of Injury in Occupational Settings,” 199. 
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BACKGROUND 
 

In a national survey conducted by ICSOM, International Conference of Symphony and 

Opera Musicians, it is reported that 76% of orchestral musicians experienced pain severe enough 

to affect their performance.6 An instrument specific study, the University of North Texas 

Musicians Health Survey reported that 32.8% of flutists experience pain in the right hand, 38.6% 

in the right wrist, and 21.6% in the right forearm. The Flute Health Survey, conducted by Spence 

at the 1999 National Flute Association annual convention reported that 22.5% of flutists 

surveyed reported feeling pain in the right hand, 35% in the right wrist, and 25% in the right 

forearm.7 Doctors have reported that the most common presenting symptom of musicians with 

playing related pain and injury is musculoskeletal pain.8 Pain can lead to the onset of cumulative 

trauma disorders including carpal tunnel syndrome, tendonitis, and tenosynovitis.  

Research in performing arts medicine suggests that musicians experience pain and have 

upper extremity musculoskeletal problems, however, no known research has been conducted 

regarding the risk factors for flute related pain.  Previous studies have either grouped flutists with 

the other woodwind instruments or simply reported the prevalence rates of pain among flutists. 

Past reports pertaining to flute related pain include intuitive information on the unique posture of 

holding the flute leading to neck, shoulder, and torso problems, and how rapid finger movements 

can lead to tendon sprains and strains.  

                                                
6 M. Fishbein & S.E. Middlestadt, “Medical problems among ICSOM musicians: Overview of a National Survey.” 
Medical Problems of Performing Artists, Vol.3, No.1 (1988): 1-6.  
7 Cari Spence, “Prevalence Rates for Medical Problems among Flautists: A Comparison of the UNT-Musician 
Health Survey and the Flute Health Survey.” Medical Problems of Performing Artists, Vol. 16, No. 3 (2001):  99-
102. 
8 Alice G. Brandfonbrener, “The Epidemiology and Prevention of Hand and Wrist Injuries in Performing Artists.” 
Hand Clinics, Vol. 6, No. 3 (1990):  365-377. 
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Flute performance involves biomechanical demands that are suspected to cause upper-

extremity musculoskeletal problems among flutists.  The extent of these problems was 

documented as a result of two epidemiologic studies conducted through University of North 

Texas.910  In 2001, Spence conducted a study identifying the prevalence rates of medical 

problems among flutists.  This study compared the data sets from a questionnaire distributed at 

the 1999 National Flute Association convention in Atlanta and the results of the Internet based 

University of North Texas Musician Health Survey. These studies conclude that pain is reported 

in the upper-extremities of flutists and prevalence rates of various locations. Also, Norris 

conducted a pain related survey at the 1991 National Flute Association convention in 

Washington DC.11 This study was not a statistical review, but an observation of the doctor’s 

clinical observations based on the surveys he collected at the convention.   

There are limitations with this literature, and additional investigations are warranted. 

Experts in flute pedagogy have written and discussed the importance of balance, posture, and 

hand position during flute playing; however, there has not been any known research conducted 

pertaining to these variables as possible contributing factors to pain in flute performance. 

Variables such as size, strength, flexibility, exposure, or medical background may be important 

to flute related pain. These issues as well as others should be explored in order to guide 

pedagogical decisions among teachers and performers and ultimately offer effective strategies 

for helping the understanding of how to reduce the risk for these highly prevalent problems. 

                                                
9 Cari Spence, “Prevalence Rates for Medical Problems among Flautists: A Comparison of the UNT-Musician 
Health Survey and the Flute Health Survey.” Medical Problems of Performing Artists, Vol. 16, No. 3 (2001):  99-
102. 
10UNT Musicians Health Survey 
11 Richard Norris, “Clinical Observations on the Results of the 1991 NFA Survey.” The Flutist Quarterly, Summer 
1996, 77-80. 
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As reported by the Health Promotion in Schools of Music (HPSM) Project, schools of 

music and music teachers in general should assist in the prevention of performance injuries even 

before attending college12.  The National Association for Music Education (MENC) has also 

stated that music educators “can contribute to the development of injury-free musicians by 

informing and teaching health-conscious habits to music students.”13 In 2006, Yoshimura, in 

collaboration with the Texas Center for Music and Medicine, conducted a study that contributed 

to the knowledge of risk factors for piano-related pain among college students. This study was a 

statistical approach to investigate risk factors for piano-related pain among college students.14 

The purpose of the current flute study was to apply a similar methodology in order to investigate 

risk factors for flute related pain among high school and college students.   

METHODS 

Following approval from the Institutional Review Board (IRB) of the University of North 

Texas on February 23, 2006, thirty flutists were recruited to participate in the study titled: “Risk 

Factor for Flute Related Pain among High School and College Students.”  Subjects were either 

music majors enrolled at University of North Texas or advanced high school students from the 

Dallas and Fort Worth area.  They were recruited through face to face interaction at the 2006 

Texas Flute Society Annual Flute Festival.  Subjects under the age of eighteen and their 

guardians were required to sign a separate Institutional Review Board consent form for minors.  

All of the subjects who participated in the study were recruited through personal contact by the 

                                                
12 Kris Chesky and William J. Dawson, “Health Promotion in Schools of Music,” Medical Problems of Performing 
Artists,” Vol. 21, No. 3 (2006): 142-144. 
13 Kris Chesky, “ MENC Position Statement on Health in Music Education,” 
[http://www.menc.org/connect/surveys/position/health/html], accessed July 31, 2007. 
14 Eri Yoshimura,  Pamela Mia Paul, Cyriel Aerts, and Kris Chesky, “Risk Factors for  
Piano-Related Pain Among College Students,” Medical Problems of Performing Artist, Vol. 21, No. 3 (2006): 118-
125. 
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investigator and volunteered their time. Once enrolled in the study, each subject was referred to 

as a number to maintain confidentiality. 

After reviewing and signing the consent form, subjects were given a questionnaire to 

answer.  The questionnaire was divided into five sections: 1) Demographics and Music 

Background, 2) Practice Habits, 3) Medical Background, 4) Anthropometrics and Basic 

Elements of Performance (BEP), and 5) Flute Questions.  The questionnaires were distributed at 

the University of North Texas and took less than an hour for each subject to complete. 

The Demographics and Music Background section focused on each subject as an 

individual and their musical background as a flutist.  Questions pertained to age, gender, race, 

amount of sleep per night, average amount of weekly exercise, and years of instruction in private 

lessons and college instruction.  The second portion of the Demographics and Music Background 

section focused on practice habits.  Subjects were asked to notate their weekly practice, 

rehearsal, performance and teaching hours, and the location of their practice. The following 

questions were asked pertaining to individual practice habits: 

1. Do you warm-up before you practice? 

2. Do you take breaks during practice? 

3. Do you stop daily practice because you feel physical fatigue? 

4. Do you stop daily practice because you feel mental fatigue? 

Subjects were asked to respond to questions on a ten centimeter visual analogue scale (VAS) 

with one side stating never and the other side stating always. Subjects were asked to draw a 

straight vertical line at the place between the two descriptors that best represented their 
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responses. The VAS is reliable and a valid approach for measuring pain.15   The response of each 

subject was then measured with a millimeter ruler to obtain the index. 

In the third section of the questionnaire, Medical History and Background, subjects were 

asked to answer the following four questions that focus of pain while playing the flute: 

1. Do you experience pain when playing? 

2. Do you experience pain after playing? 

3. Does pain stop you from playing the flute? 

4. How much of your playing is affected by pain? 

Each of these questions was represented by a ten centimeter visual analogue scale (VAS) with 

one side stating never and the other side stating always. Dorsal and palmer body and hand 

graphics were distributed in the Medical Background section of the questionnaire to determine 

the amount and location of pain sites. Each subject was asked to mark on the body and hands 

where they experience pain. A section related to non-musculoskeletal pain was also included in 

this section and asked about such non-musculoskeletal problems including: acute anxiety, 

asthma, depression, headache, fatigue, and stage fright. Responses to each issue were circled as 

either no problem, mild, or severe. 

After completion of the questionnaire, extensive anthropometric measurements of the 

upper-extremities were taken including: upper arm length, forearm length, hand length, wrist 

circumference, and index finger circumference at the proximal interphalangeal joint.  

Anthropometric measurements were recorded to the millimeter using a measuring tape and 

followed the guidelines in the study completed by Yoshimura of thirty-five pianists.16 Upper arm 

length was measured from the tip of the acromion to the lateral joint interspace of elbow. 

                                                
15 J Scott and EC Huskisson, “Graphic Representation of Pain,” Pain 2 (1976), 185-195. 
16Yoshimura, Paul, Aerts, and Chesky, “Risk Factors for Piano-related Pain Among College Students,” 118-125. 
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Forearm length was measured from the lateral joint interspace of the elbow to the lateral joint 

interspace of the wrist.  Hand length was measured from the dorsal joint interspace of the wrist to 

the tip of phalange number three. Wrist circumference was measured along the line connecting 

distal portions of the ulna and radius.  All of these measurements were recorded in millimeters in 

the Anthropometric section of the questionnaire.  Right and left index finger measurements were 

taken using an industry standard ring size.   

Hand volume, hand span and active digit to digit span were also measure in the 

Anthropometric section.  Left and right hand volume was measured by using the displacement 

method after inserting each hand into a volumeter of water to the ulna head. Hand span was 

measured to the millimeter on a flat ruler placing the thumb at zero and stretching the right pinky 

as far as possible. Active digit to digit span of both hands was measured using a digital camera.  

Four photographs of each hand were taken to measure maximum active digit to digit span 

between thumb and index finger, digits 2-3, digits 3-4, and digits 4-5. Span angles were 

measured on the printed photograph using a protractor to measure the angle after a straight line 

was drawn through the center of each digit (Illustration 1). 

 

Illustration 1: Example of Left Digit 2-Digit 3 Span (47°) 
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In Section 4 of the questionnaire, Basic Elements of Performance, a series of bilateral 

upper-extremity performance tests for wrist range of motion, rotation speed, isometric strength, 

and pinch strength were conducted. The elements of performance were measured bilaterally 

using the HPM Basic Elements of Performance XII System software and standardized protocol 

(Human Performance Measurement, Inc., Arlington, TX.)  Left and right pronation and 

supination for range of motion, rotation speed, isometric strength, and pinch strength were 

measured. Pronation is the clockwise motion of the wrist and supination is counter-clockwise.  

Range of motion was measured in degrees, rotation speed was measured in degrees per second, 

isometric strength in Newton, and pinch strength in Newton-meters.   

The final section of the questionnaire, Flute Questions, focused on instrument specific 

questions pertaining to the individual make and model of flute used by each subject. Questions 

focused on brand, metal of the flute, weight, inline or offset-G, enhancements, and any 

personally added devices to facilitate comfort while playing. 

After the thirty subject questionnaires were complete, the collected data was entered into 

SPSS 14.0 software for statistical analyses. All statistical analyses were done using SPSS. The 

following statistical procedures were followed: 

1. Descriptive statistics for the questionnaire, anthropometric data, and Basic 
Elements of Performance data. 

 
2. To find statistical significance in the collected data, cross-correlations 

were found when the four pain questions from the questionnaire were 
treated as dependent variables and the rest of the variables were treated as 
independent variables. 

 
3.  Inter-correlations, or a connection between two or more variables, were 

categorized into a six factor set of independent variables significantly 
correlated with one or more dependent variables. 
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4.  Factor development for regression modeling by grouping together 
independent variables based on cross and inter-correlations with 
dependent variables were determined by highest statistical significance 
and inter-correlations.  

 
5. Regression analysis was used to determine statistical significance for each 

dependent variable using one independent variable from each factor.  
Independent variables with the highest correlation were entered into 
regression modeling 

 

 

RESULTS 

 A total of thirty subjects participated in the study, “Risk Factors for Flute-Related Pain 

Among High School and College Students.” They ranged in age from fifteen to thirty years old, 

with an average age of 20.97.  As shown in Table 1, 90% of the subjects were female and 73.3% 

indicated Caucasian ethnicity. The average starting age for playing the flute was 11 and subjects 

averaged 8.7 years of private flute instruction.     

 As shown in Table 2, subjects reported an average practice time of eleven hours per 

week. Based on the VAS scale, 66% of subjects reported that they participate in a musical warm-

up of scales, long tones, or etudes before practice for an average of twenty-three minutes per 

practice session.  On average, a nine minute break was taken every fifty-three minutes. It was 

also reported that 42% of subjects stopped practice due to physical fatigue and 49% stopped due 

to mental fatigue.  Table 2 indicates that subjects use their hands for other non-flute related 

activities about nine hours per week. 
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Table 1: Demographics and Music Background     
 

Gender Frequency Percentage 
Male 3 10 
Female 27 90 

 
Marital Status Frequency  Percentage 
Single 28 93.3 
Married 2 6.7 

 
 

Race Frequency  Percentage 
Asian 4 13.3 
Caucasian 22 73.3 
Hispanic 4 13.3 

 
     

Hand Dominance Frequency  Percentage 
Right 26 86.7 
Left 3 10.0 
Missing 1 3.3 
 
 
Variables Minimum Maximum Mean SD 
Age 15 30.0 20.97 4.156 
Number of Children 0.0 0.0 0 0 
Average sleep (hours per day) 5.0 9.0 7.083 .9921 
Average exercise (hrs per week) 0.0 10.0 3.70 2.3178 
Average travel (days per month) 0.0 10.0 8.0 2.11 
Age started playing flute 9.0 18.0 11.0 1.554 
Years of private lessons 1.0 18.0 8.733 4.1910 
Years of college instruction 0.0 9.0 3.080 2.8013 
Size of hands (subjective) * 0.7 8.6 4.2467 2.1792 
* Subjects answered on VAS (0-10 cm) 
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Table 2:  Practice Habits 
 

Variables Minimum Maximum Mean SD 
Practice (hrs/week) 2.0 28.0 11.033 6.2765 
Performance (hrs/week) 0.0 2.0 .683 .77106 
Warm-up before practice* 2.0 100.0 66.183 29.706 
Physical warm-up time (min) 0.0 10.0 1.2833 2.2655 
Psychological warm-up time (min) 0.0 15.0 1.2333 3.6358 
Musical warm-up time (min) 5.0 80.0 23.500 16.776 
Rehearsal (hrs/week) 0.0 13.0 5.400 4.0373 
Teaching (hrs/week) 0.0 15.0 1.7500 3.7433 
Breaks during practice* (%) 9.0 100.0 67.97 28.19 
Length of breaks (min) 1.5 30.0 8.867 6.9592 
Frequency of breaks (hrs) 0.3 2.0 .888 .4490 
Stop practice for physical fatigue? * 2.0 100.0 42.283 30.977 
Stop practice for mental fatigue? * 1.5 100.0 49.483 26.049 
Primary hand activities (hrs/week) 0.0 35.0 8.983 8.4888 
* Subjects answered on VAS (0-10 cm) 

Table 3 indicates the responses to the four pain questions and responses to non-

musculoskeletal problems from the Medical Background section of the questionnaire. It was 

reported that an average of 42.77 % of subjects experienced pain while playing, 33.68% 

experienced pain after playing, and 29% of subjects reported that pain caused them to stop 

playing the flute.  Based on the data collected, over 31% of each subject’s practice and 

performance time was affected by pain. The Non-Musculoskeletal Problems section reported that 

36.7% of subjects reported mild acute anxiety, 33.3% reported mild depression, 53.3% reported 

mild fatigue, and 53.3% reported mild stage fright. Subjects reported an average of 5.5 Non-

musculoskeletal problems. 
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Table 3:  Medical Background 
 

Pain Questions 
 Minimum Maximum Mean SD 
Do you experience pain 
while playing? 

1.0 
  

80.5 42.767 26.1774 

Do you experience pain 
after playing? 

5  
 

87.5 33.683 29.4921 

Does pain stop you from  
Playing the flute? 

0  95.0 29.283 28.5472 

How much of your playing is 
Affected by pain? 

1.0  83.0 31.333 24.5755 

Subjects answered on VAS (0-10 cm) 
 
Non-Musculoskeletal Problems        
     No Problem  Mild  Severe_ 
Acute Anxiety    19 (63.3%)  11 (36.7%) 0 (0%) 
Asthma    27 (90%)  2 (6.7%) 1 (3.3%) 
Black-outs/Dizziness   23 (76.7%)  7 (23.3%) 0 (0%)  
Chest Discomfort   24 (80%)  6 (20%) 0 (0%) 
Chin Rest Sore   30 (100%)  0 (0%)  0 (0%) 
 
            
     No Problem  Mild  Severe_ 
 
Depression    20 (66.7%)  10 (33.3%) 0 (0%) 
Earaches    23 (76.7%)  7 (23.3%) 0 (0%) 
Eye Strain    17 (56.7%)  11 (36.7%) 2 (6.7%) 
Fatigue    11 (36.7%)  16 (53.3%) 3 (10%) 
Headache    10 (33.3%)  15 (50%) 5 (16.7%) 
Hearing Loss    27 (90%)  2 (6.7%) 1 (3.3%) 
Heart Condition   28 (93.3%)  2 (6.7%) 0 (0%)  
Hemorrhoids    30 (100%)  0 (0%)  0 (0%) 
High Blood Pressure   30 (100%)  0 (0%)  0 (0%) 
Inguinal Hernia   30 (100%)  0 (0%)  0 (0%) 
Irritable Bowel Syndrome  27 (90%)  3 (10%) 0 (0%) 
Loss of Lip  30 (100%)  0 (0%)  0 (0%) 
Mouth Lesions  29 (96.7%)  1 (3.3%) 0 (0%) 
Respiratory Allergies  17 (56.7%)  10 (33.3%) 3 (10%) 
Sleep Disturbances   18 (60%)  9 (30%) 3 (10%) 
Stage Fright    11 (36.7%)  16 (53.3%) 3 (10%) 
TMJ syndrome   22 (73.3%)  6 (20%) 2 (6.7%) 
Ulcer     29 (96.7%)  1 (3.3%) 0 (0%) 
Varicose Veins   29 (96.7%)  1 (3.3%) 0 (0%) 
Weight Problems   23 (76.7%)  7 (23.3%) 0 (0%) 
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To determine the number of pain sites for each subject, dorsal and palmer hand and body 

graphics were distributed in the Medical Background section of the questionnaire. As shown in 

Table 4, 56.7% of subjects reported pain the right hand, 36.7% in the right wrist, and 33.3% in 

the right forearm. It was also reported in Table 4 that 33% of subjects reported pain in the left 

hand, 20% in the left wrist and 20% in the left forearm. Forty-seven percent of subjects reported 

pain in the shoulders.  Subjects reported an average of five musculoskeletal pain spots. 

 
Table 4: Musculoskeletal Pain Spots 

Pain Indicated 
Location Frequency  Percentage of Subjects 
Right Hand Pain Spots 17 56.7 
Right Wrist Pain Spots 11 36.7 
Right Forearm Spots 10 33.3 
Left Hand Pain  10 33.3 
Left Wrist Pain 6 20 
Left Forearm Pain 6 20 
Neck 8 26.7 
Shoulders 14 46.7 

 
 

Number of Pain Spots Indicated 
Left Hand Pain Spots Right Hand Pain Spots 
Number of 
Pain Spots 

Frequency Percentage 
of Subjects 

Number of 
Pain Spots 

Frequency  Percentage 
of Subjects 

0 20 66.7 0 13 43.3 
1 5 16.7 1 5 16.7 
2 2 6.7 2 6 20 
3 2 6.7 3 5 16.7 
4 1 3.3 6 1 3.3 

 
 

Left Wrist Pain Spots Right Wrist Pain Spots 
Number of 
Pain Spots 

Frequency Percentage 
of Subjects 

Number of 
Pain Spots 

Frequency  Percentage 
of Subjects 

0 24 80 0 19 63.3 
1 5 16.7 1 7 23.3 
2 1 3.3 2 3 10 
3 0 0 3 1 3.3 
Table 4 is continued on page 14. 
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Table 4: Musculoskeletal Pain Spots-Continued 

Left Forearm Pain Spots Right Forearm Pain Spots 
Number of 
Pain Spots 

Frequency Percentage 
of Subjects 

Number of 
Pain Spots 

Frequency  Percentage 
of Subjects 

0 24 80 0 20 66.7 
1 3 10 1 1 20 
2 2 6.7 2 2 6.7 
3 0 0 4 4 3.3 
4 1 3.3 5 5 3.3 
 

Neck Pain Spots Shoulder Pain Spots 
Number of 
Pain Spots 

Frequency Percentage 
of Subjects 

Number of 
Pain Spots 

Frequency  Percentage 
of Subjects 

0 22 73.3 0 16 53.3 
1 6 20 1 3 10 
2 2 6.7 2 8 26.7 
3 0 0 4 3 10 
 

 

 Subjects included twenty-seven females and three males who ranged in height from 60 

inches (152.4 centimeters) to 72 inches (182.9 centimeters).  Four photographs of each hand 

were taken to measure maximum active digit to digit span between thumb and index finger, 

digits 2-3, digits 3-4, and digits 4-5. Span angles were measured on the printed photograph using 

a protractor to measure the angle after a straight line was drawn through the center of each digit.  

Table 5 shows that all of digit to digit active spans were greater in the left hand.   
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Table 5: Anthropometric Measures 
            
 _    Minimum Max  Mean  SD  
Height (inches)    60.0  72.0  65.717  3.2897 
Weight (pounds)    72.0  200.0  138.433 29.1011 
Left Upper Arm Length (mm)  264  344  306.87  18.869 
Right Upper Arm Length (mm)  256  350  306.03  22.928 
Left Forearm Length (mm)   223  295  254.60  17.967 
Right Forearm Length (mm)   229  296  258.03  16.236 
Left Hand Length (mm)   150  211  179.90  13.469 
Right Hand Length (mm)   152  297  183.13  24.748 
Left Wrist Circumference (mm)  135  212  158.07  14.217 
Right Wrist Circumference (mm)  136  215  158.97  14.594 
Left Index Finger Diameter (mm)  16.2  20.6  18.083  1.0439 
Left Hand Volume (mL)   .1875  .5000  .3185  .07741 
Right Hand Volume (mL)   .2500  .5000  .322083 .06762 
Left Hand Span (mm)    175  240  200.67  16.162 
Right Hand Span (mm)   169  234  198.07  15.317 
Left Thumb-index span (deg)   44.0  115.0  81.517  15.0994 
Right Thumb-Index span (deg)  57.0  111.0  79.733  13.5842 
Left 2-3 digit span (deg)   21.0  51.5  37.883  8.3858  
Right 2-3 digit span (deg)   21.0  52.5  34.783  8.4524 
Left 3-4 Span (deg)    14.5  43.5  27.600  7.7908 
Right 3-4 Span (deg)    10.0  42.5  27.183  8.1974 
Left 4-5 Span (deg)    25.0  65.0  44.350  10.0010 
Right 4-5 Span (deg)    23.5  67.0  40.683  9.0948  
 
 
 

The Basic Elements of Performance results from the questionnaire are represented in Table 6. 

Range of Motion supination (counter clockwise) and Rotation Speed supination were greater than Range 

of Motion pronation (clockwise) and Rotation speed in both hands. Another characteristic found in this 

section was that pronation Rotation Speed was greater in the left hand and supination Rotation Speed 

was greater in the right hand. These characteristics could be influenced by the position of both wrists 

while holding up the flute.  This theory warrants further investigation. 
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Table 6: Basic Elements of Performance 
________________________________________________________________________ 
    Minimum  Max  Mean  SD  
ROM-left pronation (deg)   66.6  161.8  100.420 22.8713 
ROM-left supination (deg)   102.2  170.1  131.210 19.3236 
ROM-right pronation (deg)   60.1  159.9  97.167  22.4375 
ROM-right supination (deg)   101.3  181.5  136.120 17.1373 
Rotation Speed left pronation*  196  1043  648.80  173.698 
Rotation Speed-left supination*  278  1542  750.57  302.813 
Rotation Speed-right pronation*   205  1006  620.37  184.047 
Rotation Speed-right supination*   499  1293  815.80  216.942 
Isometric Strength-left pronation+  1.8  10.0  5.303  2.1051 
Isometric Strength-left supination+  .9  6.5  2.653  1.2654 
Isometric Strength-right pronation+  1.1  8.9  3.367  1.7800 
Isometric Strength-right supination+  1.7  9.5  5.867  1.7715 
Pinch Strength-right ++   .6  2.6  1.467  .4452 
Pinch Strength-left ++    1.7  2.7  1.660  .5386 
 *   (deg/sec) 
+   (N-m) 
++ (N) 
 
 

The final section of the questionnaire focused on instrument specific flute questions.  

Subjects were asked to answer questions about the brand, material, alignment, and any 

personally added mechanisms to their individual instrument.  Flutes were constructed of silver, 

gold, aurumite, and platinum clad. Over 23% of subjects played on a Miyazawa flute, 76% of 

flutes were made of silver, and 70% were built of a regular wall body. Silver regular wall flute 

tubing is .40 mm in diameter and heavy wall is .45 mm in diameter.  Gold regular wall tubing is 

.015 inches and heavy wall is .018 inches. Platinum heavy wall flutes are .30 mm in diameter.  

The weight of the flute and the diameter of the tube could affect a flutist’s hand position. 

 A section to notate any personally added devices to facilitate comfort was also included 

in this section. As shown in Table 7, subjects indicated that they used the Bo-pep right thumb 

guide, the Bo-Pep left finger rest, and Dr. Scholl’s Molefoam padding under the left index finger 

MCP joint and Dr. Scholl’s Corn Cushion under the right thumb .  
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Table 7: Flute Information 

Flute Brand Frequency Percentage 
Miyazawa 7 23.3 
Yamaha 5 17.2 
Powell 4 13.3 

Emanuel 3 10 
Muramatsu 3 10 

Brannen 2 6.7 
Pearl 2 6.7 

Sankyo 1 3.3 
Emerson 1 3.3 

Gemeinhardt 1 3.3 
 
 

Material of Flute Frequency Percentage 
Silver 23 76.7 
Gold 1 3.3 

Platinum Clad 1 3.3 
Silver Plated 3 10 

Aurumite 1 3.3 
 
 

Weight of Flute Frequency Percentage 
Thin Wall 4 13.3 

Regular Wall 21 70 
Heavy Wall 4 13.3 

 
 

Alignment of Flute Frequency Percentage 
In-line G key 11 36.7 
Off-set G key 18 60 

 
 

Added Mechanisms Frequency Percentage 
C# Trill Key 13 43 

Split E Facilitator 7 23.3 
D# Roller 17 56.7 

 
Table 7 is continued on page 18. 
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Table 7: Flute Information Continued 

Added Devices for 
Comfort 

Frequency Percentage 

Bo-pep thumb guide 1 3.3 
Bo-pep left finger rest 3 10 

Dr. Scholl’s left Molefoam 2 6.7 
Dr. Scholl’s right Corn 

Cushion 
2 6.7 

Flute key modifications 2 6.7 
 
 
 

THE FLUTE AND PAIN 
 

The build of the instrument itself was measured as a potential factor of flute-related pain. 

The diameter of the flute, alignment, and personally added mechanisms from Table 7 were 

calculated in Table 8 to show the mean amount of pain between each mechanism with the four 

pain questions from the Medical Background section of the questionnaire. In Table 8, frequency 

describes the number of subjects playing with that particular flute mechanism and mean indicates 

the average pain score from the subjects playing with the indicated mechanism. 

In the flute diameter section, it was reported that 54% of the surveyed flutists who play 

on a heavy wall flute experience pain while playing, 45% experience pain after playing, and over 

50% of their total percentage of playing time was affected by pain. Subjects who played on 

either thin wall or regular wall flutes reported experiencing pain 39% of the time.  The barrels of 

heavy wall flutes are larger in diameter than thin wall or regular wall.   

 As indicated in Table 8C, 51.7% of subjects who play with a C# trill key on their flute 

reported pain while playing in comparison to the 36% of subjects without the mechanism.  The 

C# trill key is built on the flute next to the Bb Briccialdi key and adds an extra rod and key to the 

flute.  The right hand of the player supports the weight on this side of the flute.  
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Table 8: Mechanisms of the Flute  

8A:  Diameter of Flute 
 Thin 

Wall 
 Regular 

Wall 
 Heavy 

Wall 
 

Mean Frequency Mean Frequency Mean Frequency 
Do you 
experience 
pain when 
playing? 

 
39.9% 

 
4 

 
39.7% 

 
21 

 
54.6% 

 
4 

Do you 
experience 
pain after 
playing? 

 
34.9% 

 
4 

 
29.8% 

 
21 

 
45.4% 

 
4 

Does pain 
stop you from 
playing the 
flute? 

 
21.4% 

 
4 

 
26.6% 

 
21 

 
43.4% 

 
4 

How much of 
your playing 
is affected by 
pain? 

 
29.6% 

 
4 

 
26.1% 

 
21 

 
50.3% 

 
4 

 

 

8B:  Alignment of Flute 
 Inline  Off-Set G  

Mean Frequency Mean Frequency 
Do you 
experience pain 
when playing? 

 
34.5% 

 
11 

 
46.3% 

 
18 

Do you 
experience pain 
after playing? 

 
22.6% 

 
11 

 
38.8% 

 
18 

Does pain stop 
you from playing 
the flute? 

 
29.5% 

 

 
11 

 
27.4% 

 
18 

How much of 
your playing is 
affected by pain? 

 
28.0% 

 
11 

 
31.1% 

 

 
18 

 
Table 8 continued on page 10. 
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Table 8: Mechanisms of the Flute Continued 

 
8C: Added Mechanisms 
 C# Trill Key  No C# Trill Key  

Mean Frequency Mean Frequency 
Do you 
experience pain 
when playing? 

51.7% 13 36% 17 

Do you 
experience pain 
after playing? 

40.6% 13 28.4% 17 

Does pain stop 
you from playing 
the flute? 

 
32.9% 

 
13 

 
26.5% 

 
17 

How much of 
your playing is 
affected by pain? 

 
39.3% 

 
13 

 
25.3% 

 
17 

 

 

 Split E 
Mechanism 

 No Split E 
Mechanism 

 

Mean Frequency Mean Frequency 
Do you 
experience pain 
when playing? 

46.6% 7 41.6% 23 

Do you 
experience pain 
after playing? 

40.9% 7 31.5% 23 

Does pain stop 
you from playing 
the flute? 

 
45.4% 

 
7 

 
24.4 

 
23 

How much of 
your playing is 
affected by pain? 

 
41.5% 

 
7 

 
28.2% 

 
23 
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CROSS-CORRELATIONS 

Cross-correlations between factors were found when the four pain questions from the 

questionnaire were treated as dependent variables and the rest of the variables were treated as 

independent variables. Cross-correlations with independent variables showed many significant 

correlations with the four pain questions as shown in Table 9. Significant correlations were 

determined at the 0.05 and the 0.01 level (two-tailed). The closer each variable was to negative 

or positive 1 indicated the most amount of pain experienced for that variable.  

In general, subjects with less strength and wrist flexibility were inversely correlated with 

the four pain questions and reported having more pain during and after performance. As shown 

in Table 9, several independent variables were significantly correlated with one or more 

dependent variables. 

Using the data from Table 9, independent variables with significant correlations to the 

four dependent pain questions were categorized into six groups of inter-correlations labeled as: 

1) exposure, 2) strength, 3) flexibility, 4) right pain spots, 5) left pain spots, and 6) number of 

non-musculoskeletal problems. Factor 1, Exposure, pertained to the amount of time the subject 

had played the flute, and finger span and range of motion were significantly correlated into 

Factor 3, Flexibility.  Right pain spots and left pain spots were categorized into separate factors 

to determine if subjects reported more pain spots on one side of body versus the other side. 

Based on the data collected, subjects did report more musculoskeletal pain spots in the right 

upper extremities. The six-factor model of inter-correlations is represented in Table 10. 
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Table 9:  Independent Variables Significantly Correlated with One or More 
Dependent Variables 

 
 

 Do you 
experience pain 
when playing? 

Do you 
experience 
pain after 
playing? 

Does pain 
stop you 
from 
playing the 
flute? 

How much 
of your 
playing is 
affected by 
pain? 

Total years of lessons .306 .442* .361 .335 
Isometric strength  
-right pronation 

-.442* -.205 -.247 -.359 

Pinch strength left -.462* -.198 -.265 -.322 
Pinch strength right -.4788** -.226 -.330 -.372* 
Performances (weekly) .254 .091 .458* .353 
Stop for physical fatigue .524** .395* .448* .541** 
Right 2-3 span .409* .374* .277 .231 
Left 3-4 span .243 .445* .314 .244 
Left 4-5 span .154 .396* .314 .161 
ROM left supination -.424* -.133 -.188 -.236 
Pain while playing? NA .728** .650** .799** 
Pain after playing? .728** NA .475** .576** 
% time affected by pain .650** .475** NA .809** 
Right hand pain spots .371* .430* .295 .485** 
Right wrist pain spots .540** .602* .498** .445* 
Left hand pain spots .350 .263 .107 .467** 
Left wrist pain spots .411* .462* .123 .191 
Left forearm pain spots .328 .417* .011 .328 
Neck pain spots .261 -.120 .181 .365* 
**Correlation is significant at the 0.01 level (2-tailed) 
*Correlation is significant at the .05 level (2-tailed) 
  

 
 

 

 

 

 

 



 

 23

Table 10:  Regression Analysis: 6 Factor Set 

 Model 1 
Do you 
experience 
pain when 
playing? 

Model 2 
Do you 
experience 
pain after 
playing? 

Model 3  
Does pain 
stop you 
from playing 
the flute? 

Model 4 
How much of your 
playing is affected 
by pain? 

Factor 1 
Exposure 

 Total number 
years of 
private 
lessons 

Performance 
time (hours 
weekly) 

 

Factor 2 
Strength 

Pinch 
Strength 
Right 

  Pinch Strength Left 

Factor 3 
Flexibility 

Range of 
Motion left 
pronation 
(deg) 

Left 3-4 digit 
span 

  

Factor 4 
Right pain spots 

Right wrist 
pain spots 

Right wrist 
pain spots 

Right wrist 
pain spots 

Right hand pain 
spots 

Factor 5 
Left pain spots 

Left wrist 
pain spots 

Left wrist 
pain spots 

 Left hand pain 
spots 

Factor 6 
Non-MS 
problems 

Number of 
non-MS 
problems 

   

 
 

Factor identification for the regression modeling resulted in a six factor set of predictor 

variables for each of the four dependent variables.  The independent variables with the highest 

significant correlation to the four pain questions were selected from Table 9 to best represent 

each of the six factors. The variables selected for each of the four models was not the same for 

each model.  Independent variables were selected for the regression modeling by: 1) highest 

significant correlations in relation to the four pain questions from Table 9 and 2) if the 

independent variable was significantly cross-correlated with the other six factors for each model. 

 Regression analysis was conducted on the six-factor set and showed that each model was 

statistically significant. Model 1, Model 2, and Model 3 of Table 11 were statistically significant 

at p<0.0005 and model 4 was p<0.005.  The adjusted R squared indicated that the variance 
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accounted for was over 60% in Model 1, over 50% in Model 2, over 40% in Model 3, and over 

27% in Model 4. Factor 6, Non-musculoskeletal problems, was not statistically significant to the 

four pain questions in the regression analysis.   

The beta weight for Factor 4, right wrist pain spots, was the strongest factor in Models 1, 

2, and 4. The flexibility factor of Model 1, range of motion left pronation, was the second highest 

factor.  Model 1 beta weights indicated that subjects with more right wrist pain spots and less left 

pronation range of motion responded to the four pain questions with a higher percentage on the 

VAS scale.  Model 2 indicated that subjects with more Left digit 3-4 span and subjects who had 

participated in private lessons for more total years experienced more pain after playing the flute. 

Model 4 beta weights indicated that subjects with less pinch strength in the right hand had more 

total percentage of their playing affected by pain. 

Table 11: Regression Data-6 Factor Set  

 Predictors Beta Adjusted R² F p<vale 
Model 1   .616 12.611 .000 
Factor 2 Pinch Strength Right -.277    
Factor 3 Range of Motion left 

pronation 
-.330    

Factor 4 Right wrist pain spots .530    
Factor 6 Number of non-MS 

problems 
.295    

 
 
 
 Predictors Beta Adjusted 

R² 
F P 

p<value 
Model 2   .527 11.754 .000 
Factor 1 Total years of private 

lessons 
.250    

Factor 3 Left 3-4 span (degrees) .394    
Factor 4 Right wrist pain spots .481    
 
 
Table 11 continued on page 25. 
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Table 11: Regression Data-6 Factor Set  

 
 Predictors Beta Adjusted R² F p<value 
Model 3   .403 10.78

5 
.000 

Factor 1 Performance time 
(hrs/weekly) 

.485    

Factor 4 Right wrist pain spots .427    
 
 
 Predictors Beta Adjusted R² F p <value 
Model 4   .270 6.357 .005 
Factor 2 Pinch Strength Right -.350    
Factor 4 Right hand pain spots .427    
 
 
 

Follow-up analysis on the regression data was conducted.  The six factors from the 

original regression data were changed to include right side pain spots and left side pain spots as 

one factor; musculoskeletal pain spots, as shown in Table 12. In this revised regression model, 

factors were inter-correlated into a five factor set categorized as: 1) exposure, 2) strength, 3) 

flexibility, 4) musculoskeletal pain spots, 5) and non-musculoskeletal pain spots. 

As shown in Table 12, the adjusted R squared numbers in Model 1, Model 2, and Model 

3 of the revised data were all less in comparison to the original Regression Data found in Table 

11.  Model 4 was the only model with an increase in the adjusted R squared number when all 

musculoskeletal pain spots were treated as one variable. The adjusted R squared of Model 4 

increased from .270 in the original analysis to .311 in the revised analysis.  The statistical 

significance of Model 4 increased from p<0.005 in the original data to p <0.001 in the revised 

data. As in the original regression analysis, non-musculoskeletal problems were not statistically 

significant to the four pain questions in Model 4. 
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Table 12: Regression Data of the Revised 5 Factor Set 

 Predictors Beta Adjusted 
R² 

F p <value 

Model 1   .412 6.082 .001 
Factor 2 Pinch Strength Right -.294    
Factor 3 Range of Motion left 

pronation 
-.175    

Factor 4 Musculoskeletal pain spots .338    
Factor 5 Number of non-MS 

problems 
.297    

 
 Predictors Beta Adjusted 

R² 
F p <value 

Model 2   .404 7.542 .001 
Factor 1 Total years of private 

lessons 
.314    

Factor 3 Left 3-4 span (degrees) .383    
Factor 4 Musculoskeletal pain spots .322    
 
 Predictors Beta Adjusted 

R² 
F p <value 

Model 3   .181 7.422 .011 
Factor 1 Performance time 

(hrs/weekly) 
.458    

 
 Predictors Beta Adjusted 

R² 
F p <value 

Model 4   .311 7.547 .002 
Factor 2 Pinch Strength Right -.263    
Factor 4 Musculoskeletal pain spots .481    
 
 
 

SUMMARY 
 
 This study was a statistical approach to investigate potential causal risk factors for flute 

related pain among high school and college students.  The study focused on the relationship 

between flute related pain and musical background or anthropometric measurements including 

size, strength and flexibility. Knowledge of these factors in relationship to pain is needed in flute 

pedagogy to help teachers and performers understand why flutists report pain during and after 
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playing. The information found in this study can be applied toward the development of effective 

preventative strategies and clinical responses to pain. 

 Results of this study show that strength, flexibility, pain spots, and exposure are risk 

factors for flute related pain.  Both left and right pinch strength and right isometric protation 

strength were significantly correlated to flutists experiencing pain while playing. Subjects who 

had less pinch strength in both the right and left wrists also experienced more pain while playing 

and had a greater percentage of practice and performance affected by pain.  Also, subjects with 

less isometric strength in the right wrist experienced more pain when playing the flute. These are 

important findings because decreased wrist strength leading to flute related pain has not been 

reported in any previous studies that have been conducted.  The 2001 comparison survey 

conducted by Cari Spense identified prevalence rates of medical problems among flutists17, but 

did not investigate lack of strength as a potential risk factor for flute related pain.   

 The hand position a flutist uses while holding up the flute involve both thumbs being 

placed underneath the flute with the fingers placed on the keys above. When a flutist pushes up 

with the right thumb to support the weight of the flute, the right hand fingers press the keys 

downward creating a grip force. Based on the data of less wrist strength leading to more pain, it 

is possible that this constant force in both hands could be causing flutists to exert their strength 

during practice and performance.  This theory of biomechanics and force direction warrants 

further investigation.  

 Flexibility was another risk factor for flute related pain. Based on Model 1 of the 

regression analysis (Table 12), range of motion pronation in the left wrist was the second highest 

predictor. Model 1 depicted how range of motion, right pinch strength, right wrist pain spots, and 

                                                
17 Spense, “Prevalence Rates for Medical Problems among Flautists: A Comparison of the UNT-Musician Health 
Survey and the Flute Health Survey,” 99-102. 
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the number of non-musculoskeletal pain spots accounted for 61% of the variance in the 

dependent variable: Do you experience pain while playing?  The adjusted R squared of this 

model was .616.  

This study also indicates that flutists have more pain spots located in the right upper-

extremities, particularly the wrist, hand, and forearm. Right wrist pain spots was the highest 

factor for pain during and after playing in Model 1 and Model 2, and right hand pain spots was 

the highest factor for total percentage of time affected by pain in Model 4. In the Spence survey, 

it was notated that 22.5% of flutists reported feeling pain in the right hand, 35% in the right 

wrist, and 25% in the right forearm.18  Even though both of these studies document the apparent 

importance of right side pain spots leading to flute-related pain, they do not indicate what is 

causing these pain spots.  Factors such as posture, force direction, and biomechanics need to be 

investigated to answer these questions.  

CONCLUSION 

Risk Factors for Flute-Related Pain Among High School and College Students, 

documents right pinch strength, left range of motion pronation, right wrist pain spots, and 

number of non-musculoskeletal problems as strong contributors to the overall variance 

associated with flute related pain while playing.  Even though Model 1 of the regression analysis 

accounted for 61% of pain while playing, 39% of the variance for subjects who experience pain 

while playing remains unaccounted for. As highlighted by Dawson, the transverse posture 

involved in holding up the flute can lead to neck, shoulder, and torso problems.19 Nyfenger wrote 

about an effort to release the right pinky from balancing duties by redesigning the flutist’s right 

hand position and using less pinky force in the Rockstro position and the modified Rockstro 

                                                
18 Spense, “Prevalence Rates for Medical Problems among Flautists: A Comparison of the UNT-Musician Health 
Survey and the Flute Health Survey,” 99-102. 
19 Dawson, “Common Problems of Wind Instrumentalists,” 107-112. 
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position.20 (Illustration 3 and 4)  Debost wrote that flute stability is the prerequisite of healthy 

and efficient playing and discussed fulcrums and tri-dimensional isometrics in flute posture.21 

The individual position and posture of the right thumb may influence the magnitude and 

direction of force generated while playing the flute.  

 

 

 

 

 

 

 

 
 
 
 
 
 

Illustration 2: Thomas Nyfenger’s “Usual” Way of Holding the Flute 
 

                                                
20 Thomas Nyfenger, Music and the Flute:  with a foreword by Samuel Baron.  Closter:  NJ:  Paul     

Nyfenger (1986): 46. 
21 Michel Debost, The Simple Flute From A to Z.  Oxford:  Oxford University Press (2002), 140-141. 
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Illustration 3: Thomas Nyfenger’s “Modified Rockstro” Tripod Position. 

An individual’s size, strength, and hand position also need to be considered as factors for 

flute related pain.  A flutist with long fingers may be able to reach the keys and cover the open 

tone holes easier than a flutist with short and thin fingers.  Also, a flutist who is stronger may be 

able to hold and balance the flute easier than a weaker player with a heavy wall flute and added 

mechanisms.  The posture of each individual player can vary.  Some flutists keep their flutes 

parallel to the floor causing more tension in the shoulders and right bicep and others tilt the flute 

at a forty-five degree angle towards the floor creating the neck to tilt to the right towards the 

floor.  This posture creates more tension in the neck. The posture a flutist chooses to transversely 

hold the flute depends on the comfort of the player.  The lip plate must remain vertical on the 

bottom lip and the degree of tilt in the neck and right shoulder can be adjusted to accommodate 

the position of the flute on the lower lip. 

Another important factor to consider in relation to flute related pain is the hand positions 

of both the right and left wrists and hands.  Flutists use many different wrist positions depending 

on their size and ability to reach the keys with ease. The left arm muscles hold up the weight of 
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the flute while the right hand and wrist are used to maintain the instrument’s position. The flute 

rests on the left index metacarpophalangeal joint, halfway between the right thumb and the 

embouchure hole of the head joint.  If the left wrist is tilted under the flute in an adduction 

motion, the left thumb becomes positioned against the rods of the instrument. Too much tension 

or grasp in the right hands and wrists can create a large amount of grip force and tension. 

From a young age, flutists are taught to equally distribute the weight of the flute to three 

points on the body: the right thumb, the left index metacarpophalangeal (MCP) joint, and the 

chin. (Illustration 5) Based on the numerous thumb and hand positions observed in this study, it 

appears that the position of the right thumb against the flute and the posture of the three joints in 

the right thumb can vary among flutists.  The individual position and posture of the right thumb 

may influence the magnitude and direction of force generated while playing the instrument.  On 

the condition that the three points of resting the flute on the body are equal, the various positions 

beneath the flute and postures of the thumb may change the magnitude of force against the left 

index MCP.   

 

Illustration 4: Three Balance Points of the Flute 
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The build of the instrument itself is another factor to consider in flute related pain.  An 

individual performing on a specific flute can positively or negatively influence the wrist and 

hand positions.  A flute built with an in-line G key requires more stretch of the left ring finger 

than a flute built with an off-set G key. Individuals have the option to purchase either build of 

flute, however price and availability often play a role in this decision.  A professional silver flute 

can range in price from five-thousand dollars to thirteen thousand and a gold flute has a starting 

price of over sixteen thousand dollars. 

Besides biomechanics and force, other factors such as genetics and outside activities with 

the hands and wrists may be important risk factors for flute related pain.  Subjects reported 

spending up to thirty-five hours per week on an outside activity with their hands, the average 

being 8.98 hours. These issues need objective and scientific insights in order to become practical 

pedagogical tools for teachers and performers and ultimately effective for helping us to 

understand how to reduce the risk for these highly prevalent problems. 

Because of the relevance associated with strength, flexibility, right hand pain spots, and 

non-musculoskeletal problems, this study needs to be replicated with a larger and more diverse 

subject population.  The limitations associated with this study include the small sample size and 

lack of a professional or non-collegiate subject base.  This restricts generalizations from these 

findings. 

This study raises important concerns for the field of performing arts medicine and flute 

pedagogy.  What are the pedagogical and clinical implications for flutists with a lack of strength 

and flexibility in the wrists? What is causing flutists to have less strength and more pain? Also, 

why are flutists reporting more pain spots in the right side upper-extremities than the left side? 

 



 

 33

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

SUBJECT QUESTIONNAIRE 
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Subject Questionnaire 

 

 

 

 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

 

Subject Number: ______________ 

 
Date: _______________________ 
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 Section 1: Demographics and Music Background 

 

1. Age: _____ 

2. Gender  (Circle)  Male  Female 

3. Ethnicity/Race (Circle)  African-American    Asian    Caucasian    Hispanic 

Other_____________________________________ 

4. Marital status  (Circle)   Single   Married    Separated    Divorced   Widowed 

5. Number of children _____ 

6. Average amount of sleep _____ (hours/day) 

7. Average amount of exercise _____ (hours/week) 

8. Average travel (days away from home overnight) _____ (days/month) 

9. Health insurance  (Circle) Yes     No 

10. Approximate age you started playing flute: ___________________________ 

11. Total number of years of private lessons: _____(years) 

12. Years of college instruction in flute: _______(years) 

13.  Highest degree obtained in flute: ______________ 

14. Instrument you play other than flute:  ____________ 

15. Size of your hands:  

        Very small                                                                                           Very large 
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Section 2: Practice Habits 

 

1. Number of hours you spend playing the flute per week:  

Practice                  _______________ (hours/week) 

Chamber music/Ensemble/Gig Rehearsal              _______________ (hours/week) 

Performances           ______________  (hours/week) 

Teaching                 _______________ (hours/week) 

 

2. Where do you practice normally? __________________________________________ 

 

3. Do you warm-up before practice?  

                Never                                                                                                Always 

 

4. Describe your warm-up and time you spend: 

Physical/Non-musical warm-up (i.e., stretch, apply heat) 

__________________________________________ Time spent: ____________ (min) 

Psychological warm-up (i.e., meditation) 

__________________________________________Time Spent: ____________ (min) 

Musical warm-up (i.e., scales, etudes, exercises, slow piece) 

__________________________________________ Time spent: ____________ (min) 

Other ______________________________________________________________ 

Time spent: ____________ (min) 
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5. Do you take breaks during practice?  

               Never                                                                                                            Always 

6. What do you do on your break? 

___________________________________________________________________ How 

long and how often? ______ (min) every _____ (hours) 

7. Do you stop daily practice because you feel physical fatigue?   

               Never                                                                                                                          Always 

8. Do you stop daily practice because you feel mental fatigue?     

               Never                                                                                                              Always 

9. List work, leisure activities or sports in which you regularly participate that use hands or 

arms:  

_______________________________ Time spent ______________ (hours/week) 

_______________________________ Time spent ______________ (hours/week) 

_______________________________ Time spent ______________ (hours/week) 



 

 38

Section 3: Medical History and Background 

Musculoskeletal Problems Associated with Flute 

 

1. Do you experience pain when playing? 

              Never          Always 

2. Do you experience pain after playing? 
          Never            Always 

3. Does pain stop you from playing the flute? 

               Never                                                                                                  Always 

4. What percentage of your practice and performance time is affected by pain? 

                 0 %                                                                                                  100 % 
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 40

 
Non-Musculoskeletal Problems 
Do you experience any of the following? (Circle answer): 

Acute Anxiety    No problem  Mild  Severe    

Asthma    No problem  Mild  Severe 

Blackouts/Dizziness   No problem  Mild  Severe 

Chest Discomfort   No problem  Mild  Severe 

Chin Rest Sore   No problem  Mild  Severe 

Depression    No problem  Mild  Severe 

Earaches    No problem  Mild  Severe 

Eye Strain    No problem  Mild  Severe 

Fatigue    No problem  Mild  Severe 

Headache    No problem  Mild  Severe 

Hearing Loss    No problem  Mild  Severe 

Heart Condition   No problem  Mild  Severe 

Hemorrhoids    No problem  Mild  Severe 

High Blood Pressure   No problem  Mild  Severe 

Inguinal Hernia   No problem  Mild  Severe 

Irritable Bowel Syndrome  No problem  Mild  Severe 

Loss of Lip    No problem  Mild  Severe 

Loss of Seal    No problem  Mild  Severe 

Mouth Lesions   No problem  Mild  Severe 

Respiratory Allergies   No problem  Mild  Severe 

Sleep Disturbances   No problem  Mild  Severe 

Stage Fright    No problem  Mild  Severe 

TMJ Syndrome   No problem  Mild  Severe 

Ulcer     No problem  Mild  Severe 

Varicose Veins   No problem  Mild  Severe 

Weight Problems   No problem  Mild  Severe 

 

 



 

 41

Section 4: Anthropometric Measures 

1. Height  __ ft ___ in 

2. Weight _____ lbs 

3. Hand Dominance  (Circle)         Left  Right 

4. Left upper arm length _____ (mm) 

5. Right upper arm length _____ (mm) 

6. Left forearm length _____ (mm) 

7. Right forearm length _____ (mm) 

8. Left hand length _____ (mm) 

9. Right hand length _____ (mm) 

10. Left wrist circumference _____ (mm) 

11. Right wrist circumference _____ (mm) 

12. Left Index finger diameter _____  

13. Right Index finger diameter _____  

14. Left hand volume _____ (mL=cc) 

15. Right hand volume _____ (mL=cc) 

16. Left hand span _______________  (mm) 

17. Right hand span _______________  (mm) 

18. Left thumb-Index finger active span _____ (deg) 

19. Right thumb-Index finger active span _____ (deg) 

20. Left Digit 2-3: Active span _____ (deg)  

21. Right Digit 2-3: Active span _____ (deg) 

22. Left Digit 3-4: Active span _____ (deg)  

23. Right Digit 3-4: Active span _____ (deg) 

24. Left Digit 4-5: Active span _____ (deg) 

25. Right Digit 4-5: Active span _____ (deg) 

 

 

 

 

 



 

 42

Basic Elements of Performance (BEP XII) 

 

Range of Motion 
(deg) Left side Right side 

 Pronation (CW)  Pronation 
(CCW)  

 Supination (CCW)  Supination 
(CW)  

Rotation Speed 
(deg/sec) Left side Right side 

 Pronation (CW)  Pronation 
(CCW)  

 Supination (CCW)   Supination 
(CW)  

Isometric Strength 
(N-m) Left side Right side 

 Pronation (CW)  Pronation 
(CCW)  

 Supination (CCW)  Supination 
(CW)  

 

Pinch Strength (N) Left side Right side 
Standard BEP     
Pseudo-pulp N/A  N/A  
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Section 5: Flute Questions 

Brand of Flute: ____________________ 

Type of Flute  
□Silver  □Gold  □Platinum  □ Silver Plated □ Other: ___________ 
 
 
Weight of Flute 
□ Thin wall tubing (0.14) □ Regular wall tubing (0.16) □ Heavy Wall tubing (0.18) 
 
□ Inline  □ Offset G 
 
□ C # trill key  □ split E mechanism □ D# roller □ C# roller 
 
Use any devices to facilitate comfort while playing the flute 

□ Bo-Pep for right thumb   □ Dr. Scholl’s right thumb cushion 

 □ Bo-Pep for left index finger notch □  Dr. Scholl’s left index notch  

 □ Flute Key modifications   □  Other__________________ 
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ADULT CONSENT FORM 
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University of North Texas 
     Institutional Review Board 

    Research Consent Form 
 

 Subject Name___________________         Date ______________  

Title of Study  
The Biomechanics of Flute Performance  
Principal Investigator Professor Terri Sundberg  
Co-Investigator(s) Dr. Kris Chesky, LeeAnne Thompson  
Before agreeing to participate in this research study, it is important that you read 
and understand the following explanation of the purpose and benefits of the study 
and how it will be conducted.  
Purpose of the Study  
It is known that many flute players experience pain while playing the flute in the right hands 
and wrists. The purpose of this study is to assess a group of flutists through questionnaire, 
anthropometric and performance capacity tests, and biomechanical analyses of flute 
performance, in order to investigate potential causal factors for pain associated with flute 
performance.  

Procedures to be used  
Subjects will fill out a questionnaire to determine musical background and other flute related 
characteristics and a survey assessing individual perceptions of performance ability and 
comfort. Hand and arm measurements will be taken to determine subject's physical size, ranges 
of motion, strength. The questionnaire and measurements will take up to two hours to 
complete.  
A small group of subjects will be asked to participate in a second part of this study that 
measures force generation with fingertip forces sensors. These subjects will receive music after 
filling out the questionnaire. Music will be reviewed and given to subjects with practice and 
performance instructions. Following a few weeks of practice, including some practice time with 
the force sensors, subjects will be asked to perform this music with the force sensors on their 
fingertips. All research activities will take place in the College of Music room 1007. There are 
no known risks associated with fingertip force sensors.  
Description of the foreseeable risks  
No foreseeable risks are involved in this study. 
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Benefits to the subjects or others  
Subjects and other flutists may benefit from the information generated during this study. 
There has been no other research executed in flute pedagogy to investigate potential causal 
factors for pain and biomechanical forces during performance. The data obtained may affect 
flute pedagogy and hand position of flutists.  
 
Procedures for Maintaining Confidentiality of Research Records  
All subject information will be kept confidential. Coding will be used to disconnect subject 
names from research information. Information will be kept in a secure location 
 in College of Music room 1007 and only available to research team members. Subject names 
will not be used in any reports, papers, or presentations.  

Review for the Protection of Participants  
This research study has been reviewed and approved by the UNT Institutional Review Board 
(IRB). The UNT IRB can be contacted at (940) 565-3940 or sbourns@unt.edu with any 
questions regarding the rights of research subjects.  
Research Subject's Rights  
I have read or have had read to me all of the above.  

Terri Sundberg, Kris Chesky or LeeAnne Thompson has explained the study to 
you and answered all of your questions. You have been told the possible benefits 
and the potential risks and/or discomforts of the study.  

I understand that I do not have to take part in this study and my refusal to participate 01 my 
decision to withdraw will involve no penalty or loss of rights or benefits. The study personnel 
may choose to stop my participation at any time.  

If I do have any questions about this study, I understand that I may contact Terri 
Sundberg or Kris Chesky.  

I understand my rights as research subject and I voluntarily consent to participate in this study. I 
understand what the study is about, how the study is conducted, and why it is being performed. I 
have been told I will receive a signed copy of this consent form.  
Signature of Subject      Date   
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For the Investigator of Designee: 
 
I certify that I have reviewed the contents of this form with the subject signing above.  I have 
explained the known benefits and risks of the research.  It is my opinion that the subject 
understood the explanation. 
  

Signature of Principal Investigator    Date    
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APPENDIX C 

 
MINOR CONSENT FORM 

 

 

 

 

 

 

 

 

 

 

 



 

 49

University of North Texas 
Institutional Review Board 

Informed Consent Form for Minors and Guardians 
 
Subject Name _________________________ Date: ________________ 
 
Title of Study:  The Biomechanics of Flute Performance. 
Principal Investigator: Professor Terri Sundberg, University of North Texas College of Music 
Co-Investigators:  Dr. Kris Chesky, LeeAnne Thompson 
 
Before agreeing to your child’s participation in this research study, it is important that you read 
and understand the following explanation of the purpose and benefits of the study and how it will 
be conducted.   

Purpose of the Study: 

You are being asked to allow your child to in participate a research study that will assess a group 
of flutists through a questionnaire dealing with practice, performance, and pain issues related to 
playing the flute.  The purpose of this study is to investigate potential causal factors for pain 
associated with flute performance.  

Study Procedures:  

Your child will be asked to fill out a questionnaire to determine musical background and other 
flute-related characteristics and complete a survey assessing individual perceptions of their 
performance ability and comfort. Finger, hand, and arm measurements will be taken to determine 
your child’s physical size, ranges of motion, and strength while playing their flute.  The 
questionnaire and measurements will take up to one hour. 

 
Foreseeable Risks:  
No foreseeable risks are involved in this study.   
 
 
Benefits to the Subjects or Others: 
Your child and other flutists may benefit from the information generated during this study.  
There has been no other research executed in flute pedagogy to investigate potential causal 
factors for pain during performance.  The data obtained may affect flute pedagogy and hand 
position of flutists. 
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Procedures for Maintaining Confidentiality of Research Records: 

All information obtained from your child and other subjects will be kept 
confidential.  Coding will be used to disconnect names from research information.  
Information will be kept in a secure location in College of Music at the University 
of North Texas in room 1007 and only available to research team members.  
Subject names will not be used in any reports, papers, or presentations. 

Questions about the Study 

If you have any questions about the study, you may contact Terri Sundberg at 
940-565-3756, Dr. Kris Chesky at 940-565-4126, or LeeAnne Thompson.   

Review for the Protection of Participants: 

This research study has been reviewed and approved by the UNT Institutional 
Review Board (IRB).  The UNT IRB can be contacted at (940) 565-3940 or 
sbourns@unt.edu any questions regarding the rights of research subjects.  

Research Participants’ Rights: 

Your signature below indicates that you have read or have had read to you all of 
the above and that you confirm all of the following.  Please return to LeeAnne 
Thompson in room 1007 of the University Of North Texas School Of Music:  

 Terri Sundberg, Kris Chesky, or LeeAnne Thompson explained the study 
to you and answered all of your questions.  You have been told the 
possible benefits and the potential risks and/or discomforts of the study.  

 You understand that you do not have to allow your child to take part in 
this study, and your refusal to allow your child to participate or your 
decision to withdraw him/her from the study will involve no penalty or 
loss of rights or benefits.  The study personnel may choose to stop your 
child’s participation at any time. 

 You understand why the study is being conducted and how it will be 
performed 

 You understand your rights as the parent/guardian of a research participant 
and you voluntarily consent to your child’s participation in this study.   

 You have been told you will receive a copy of this form. 

________________________________                                                             
Printed Name of Parent or Guardian                                      

________________________________    _____________  

Signature of Parent of Guardian  Date      
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For the Principal Investigator or Designee: 

I certify that I have reviewed the contents of this form with the parent or guardian 
signing above.  I have explained the possible benefits and the potential risks 
and/or discomforts of the study.  It is my opinion that the parent or guardian 
understood the explanation.   

______________________________________   _____________                             
Signature of Principal Investigator or Designee     Date 

Child Assent Form 

You are being asked to be part of a research project being done by the University Of North Texas 
Department Of Music.  

This study will assess a group of flutists of all ages through a questionnaire dealing with practice, 
performance, and pain issues related to playing your flute.  

You will be asked to fill out a survey about your musical background, and write about your 
ability and comfort when playing your flute. Finger, hand, and arm measurements will also be 
taken along with some strength tests.  The questionnaire and measurements will take up to one 
hour to complete. 

If you decide to help with this study, please remember you can stop participating any time you 
want. 

If you would like to help with this study, please sign your name below.   

__________________________                                ______________ 
Signature of Child     Date 
 
__________________________                                _______________                                             
Signature of Principal Investigator                             Date  

 

 

 

 

Page 3 of 4 



 

 52

Waiver of Assent 

The assent of  __________________ was waived due to: 

_________ Age 

_________ Maturity 

_________ Psychological State 

_______________________________          ________________                                                                     
Printed Name of Parent/Guardian   Date 

_______________________________                      _________________                                        
Signature of Parent/Guardian                                      Date 
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APPENDIX D 
 

INDEPENDENT VARIABLES NOT SIGNIFICANTLY CORRELATED WITH FOUR PAIN 
QUESTIONS 
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Independent Variables Not Significantly Correlated with Four Pain Questions 
 

 Do you 
experience 
pain when 
playing? 

Do you 
experience 
pain after 
playing? 

Does pain 
stop you 
from 
playing the 
flute? 

How much 
of your 
playing is 
affected by 
pain? 

Age .286 .353 .147 .179 
Age started playing -.058 -.231 -.135 -.140 
Height .018 .065 .084 .092 
Weight .253 .344 .194 .179 
Left upper arm length .013 .084 -.027 .097 
Rotation speed 
-left pronation 

-.004 .048 .056 .073 

Rotation Speed 
-left supination 

.137 .154 -.057 -.118 

Rotation Speed 
-right pronation 

.026 -.069 -.184 -.022 

Rotation Speed 
-right supination 

-.022 -.037 -.280 -.271 

Isometric strength 
-left pronation 

-.334 -.071 -.321 -.248 

Isometric strength 
-left supination 

-.292 -.227 -.072 -.282 

Isometric strength 
-right supination 

-.159 .014 -.349 -.171 

ROM right pronation -.199 .169 -.077 -.134 
ROM right supination -.327 -.161 -.285 -.264 
ROM left pronation -.349 -.102 -.252 -.213 
Average sleep(hrs/night) -.037 -.012 .061 .118 
Exercise (hrs/week)  .115 -.095 .084 .034 
Days away from home .068 -.053 -.238 .071 
College lessons .151 .292 .117 .136 
Weekly practice hours .037 .213 .191 .225 
Stop for mental fatigue .286 .102 .299 .179 
Teaching (hrs/week) .066 .205 .063 .161 
Right upper arm length -.100 -.057 -.160 .054 
Left upper arm length .013 .084 -.027 .097 
Left forearm length .101 .120 .276 .150 
Right forearm length .044 .061 .177 .163 
Left hand length .150 .071 .276 .317 
Right hand length .083 -.088 .083 .191 
Table continued on page 61. 
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Independent Variables Not Significantly Correlated with Four Pain Questions Continued 
 

Left wrist circumference -.193 -.051 -.192 -.239 
Right wrist circumference -.243 -.102 -.174 -.229 
Right index finger diam. -.120 -.105 -.014 -.194 
Left hand volume .042 -.046 -.051 .063 
Right hand volume -.144 -.174 -.098 -.022 
Left hand span .021 .128 .102 .083 
Right hand span -.033 .123 .168 .061 
Left thumb-index span .006 .004 -.076 -.173 
Right thumb-index span .212 .274 .220 .159 
Left 2-3 span .081 .252 -.037 -.050 
Right 3-4 span .158 .277 .063 .031 
Right 4-5 span .110 .282 .125 .024 
ROM left pronation -.149 -.102 -.252 -.213 
ROM left pronation -.149 -.102 -.252 -.213 
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APPENDIX E 

DETERMINING THE SIX FACTORS FOR REGRESSION ANALYSIS 
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Determining the 6 Factors for Regression Analysis 
_________________________________________________________________ 
Factor 1 Exposure 

1. Private lessons 
2. Performance time (hours weekly) 

a. Significantly correlated to flexibility factors 
Factor 2 Strength 

1. Isometric right pronation 
a. Significantly correlated to range of  motion left pronation 

2. Pinch Strength (left) 
a. Significantly correlated to range of motion left pronation 

3. Pinch Strength (right) 
a. Significantly correlated to range of motion left pronation 

Factor 3 Flexibility 
1. Right 2-3 span 

a. NO correlations to other variables significant with pain 
2. Left 3-4 span 

a. NO correlations to other variables significant with pain 
3. Left 4-5 span 

a. Significantly correlated to isometric strength 
4. ROM left pronation 

a. Significantly correlated to isometric strength right pronation 
b. Significantly correlated to left hand pain spots 

Factor 4 Right Pain Spots 
1. Right Hand Pain Spots 

a. Significantly correlated to left hand pain spot 
b. Significantly correlated to left wrist pain spot 
c. Significantly correlated to left forearm pain spot 

2. Right Wrist Pain Spots 
a. Significantly correlated to left wrist pain spots 

3. Right Forearm Pain Spot 
a. Significantly correlated to left wrist pain spots 
b. Significantly correlated to left forearm pain spots 

Factor 5 Left Hand Pain Spots 
1. Left Hand 

a. Significantly correlated to right hand pain spots 
b. Significantly correlated to range of motion left pronation 

2. Left Wrist 
a. Significantly correlated to right hand pain spots 
b. Significantly correlated to right wrist pain spots 
c. Significantly correlated to right forearm pain spots 

3. Left Forearm 
a. Significantly correlated to right hand pain spots 
b. Significantly correlated to right forearm pain spots. 
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APPENDIX F 

REGRESSION ANALYSIS: 5 FACTOR SET 
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Table 12: Regression Analysis: 5 Factor Set 

 Model 1 
Do you 
experience pain 
when playing? 

Model 2 
Do you 
experience pain 
after playing? 

Model 3  
Does pain 
stop you 
from 
playing the 
flute? 

Model 4 
How much of 
your playing is 
effected by pain? 

Factor 1 
Exposure 

 Total number 
years of private 
lessons 

Performance 
time (hours 
weekly) 

 

Factor 2 
Strength 

Pinch Strength 
Right 

  Pinch Strength 
Left 

Factor 3 
Flexibility 

Range of 
Motion left 
pronation (deg) 

Left 3-4 digit 
span 

  

Factor 4 
Musculoskeletal 
Problems 

Number of 
Musculoskeletal 
pain spots 

Number of 
Musculoskeletal 
pain spots 

 Number of 
Musculoskeletal 
pain spots 

Factor 5 
Non-MS 
problems 

Number of non-
MS problems 

   

 

 

 

 

 

 

 

 

 

 

 

 



 

 60

REFERENCE LIST 

Brandfonbrener, Alice G: “The Epidemiology and Prevention of Hand and Wrist Injuries  
in Performing Artists.” Hand Clinics, Vol. 6, No. 3 (August 1990): 365-377. 

 
Brandfonbrener, Alice G., Peter Amadio, and Robert Kalish: “Thumb Pain in an  

Instrumental Musician.” Medical Problems of Performing Artists, Vol. 19, No. 4 
(December 2004):181-185. 

 
Chesky, Kris S., George Kondraske and Bernard Rubin: “The Biomechanics of  

Clarinet Performance.”  The Clarinet, 29 (March 2000): 34-36. 
 
Chesky, Kris, William J Dawson, and Ralph Manchester: “Health Promotions in Schools  

of Music.” Medical Problems of Performing Artists, Vol. 21, No. 3, 142-144, September 
2006. 

 
Dawson, William J.:  “Common Problems of Wind Instrumentalists.”  Medical Problems  

of Performing Artists, Vol. 12, No. 7 (1997):  107-112. 
 
Debost, Michel.  The Simple Flute from A to Z.  Oxford:  Oxford University Press, 2002. 

Fishbein, M. & Middlestadt, S. E.: “Medical Problems Among ICSOM Musicians:  
Overview of a National Survey.” Medical Problems of Performing Artists, Vol.3, No.1 
(1988): 1-6. 

 
Fjellman-Wiklund, Anncristine and Kris Chesky: “Musculoskeletal and General Health  

Problems of Acoustic Guitar, Electric Guitar, Electric Bass, and Banjo Players.” Medical 
Problems of Performing Artists, Vol. 21, No. 4, (December 2006): 169-176. 
 

Floyd, Angeleita S.  Finding Balance: Position, Posture, and Presentation.  The Flutist’s  
Handbook:  A Pedagogy Anthology:  A Publication in Celebration of the 25th  
Anniversary of The National Flute Association, Inc.  Santa Clarita, CA: The National 
Flute Association:  1998. 

 
Galway, James. The Flute.  Yehudi Menuhin Music Guides.  New York, NY:  Kahn and  

Averill, 1990 
 
Kumar, Shrawan: “A Conceptual Model of Overexertion, Safety, and Risk of Injury in  

Occupational Settions.” Human Factors, Vol. 36, No. 2 (June1994): 197-209. 
 
Norris, Richard: “Clinical Observations of the Results of the 1991 NFA Survey.” The  

Flutist Quarterly, Summer 1996: 77-80. 
 
Norris, Richard. The Musician’s Survival Manual:  A Guide to Preventing and Treating  

Injuries in Instrumentalists.  St Louis:  MMB Music Inc., 1993. 
 



 

 61

Nyfenger, Thomas. Music and the Flute:  with a foreword by Samuel Baron.  Closter:   
NJ:  Paul Nyfenger, 1986. 

 
Spence, Cari: “Prevalence Rates for Medical Problems among Flautists: A Comparison of  

the UNT-Musician Health Survey and the Flute Health Survey.” Medical Problems of 
Performing Artists, Vol. 16, No. 3 (2001):  99-102. 

 
Stevens, Roger S. Artistic Flute:  Technique and Study.  Hollywood, Ca: Highland Music  

Company, 1967. 
 
Yoshimura, Eri, Pamela Mia Paul, Cyriel Aerts, and Kris Chesky: “Risk factors for  

Piano-related Pain Among College Students.” Medical Problems of Performing Artist, 
Vol. 21, No. 3 (September 2006): 118-125. 
 

 




