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Abstract 

The expectation that warming up before physical activity reduces the risk of injury 

is widely accepted. While the potential value of warm-up appears to be generally 

understood, definitions of warm-up are neither consistent across disciplines nor within 

disciplines. While it is well-understood that warm-up reduces injury among athletes 

there is very little information on the definition or application of warm-up in the 

discipline of music, particularly as it applies to injury prevention. 

A review of the literature relating to warm-up in athletics is presented. This allows 

the development of a novel framework for the definition of warm-up including passive 

warm-up, active warm-up and specific warm-up. Active warm-up has three compo

nents: aerobic exercise, stretching and repetition of movement. Specific warm-up has 

two components: repetition of movement and visualization. With the framework of 

the definition in place, a review of the limited and scattered information relating to 

warm-up in music is positioned within the now-defined framework of warm-up in ath

letics. A modification of the framework to accommodate the use of related movements 

in addition to repetition of movements is presented. A small data sample from mu

sic students regarding their attitudes toward warm-up was gathered and considered 

within the framework of the definition of warm-up in music. 

A synthesis analysis of the definition and effects of warm-up for both disciplines is 

presented using qualitative and quantitative data. The synthesis analysis combined 

with the framework of the definition of warm-up, shows that musicians actually follow 

much of the methodology of warm-up demonstrated in athletics. Also, aerobic warm-

up, a normal component in athletics, is not a typical component of the warm-up 

routine in music. The role of aerobic exercise in athletics is well understood and it is 

recommended that light aerobic exercise may be equally beneficial in music, reducing 

the risk of injury and increasing the quality of the performance. 

in 



Acknowledgments 

I would like to acknowledge my supervisors Professor Moyra J. McDill and Professor 

Donald L. Russell for their support and encouragement. Their guidance and insightful 

comments inspired me a lot during my research work. I can not express enough my 

appreciation to my wonderful husband, Sina who has always been beside me with all 

his love and support. I also want to thank my lovely parents, brother and family-in

law who encouraged and supported me emotionally throughout my studies. I would 

also like to thank my little son, Diyaco whose birth motivated me through the last 

stage of my research. 

IV 



Table of Contents 

Abstract iii 

Acknowledgments iv 

Table of Contents v 

List of Tables vii 

List of Figures viii 

1 Introduction 1 

1.1 Introduction 1 

1.2 Warm-Up Definition 1 

1.3 Physiological Effects of the Warm-Up Routine 2 

1.4 Psychological Effects of the Warm-Up Routine 3 

1.5 Problem Statement and Purpose of Study 3 

2 Physiological and Psychological Effects of Warm-Up on Athletes 5 

2.1 Introduction 5 

2.2 Definitions of Warm-Up in Athletics 5 

2.3 Types of Athletic Warm-Up 6 

2.4 Physiological and Psychological Aspects 17 

2.5 Warm-Up and Injury Prevention 18 

3 Physiological and Psychological Effects of Warm-Up on Musicians 22 

3.1 Introduction 22 

3.2 Definitions of W^arm-Up in Music 23 

3.3 Types of Music Warm-Up 24 

v 



3.4 Physiological and Psychological Aspects 27 

3.5 Warm-Up and Injury Prevention 28 

4 Warm-Up from the Perspective of Music Students 34 

4.1 Informal Survey of the Attitude of Music Students 34 

4.2 Survey Results 42 

5 Synthesis 44 

5.1 Introduction 44 

5.2 Methods and Materials 45 

5.3 An Analysis of Published Opinions on Warm-Up 46 

5.4 Synthesizing the Role of Warm-Up in Injury Prevention 54 

5.5 Summary 64 

6 Contributions 66 

6.1 Discussion 66 

6.2 Recommendations 67 

6.3 Future Work 68 

List of References 69 

VI 



List of Tables 

5.1 Variation in Warm-Up Definitions 49 

5.2 Effective Factors on W^arm-Up Routine 56 

5.3 Warm-Up and Injury Prevention from Perspective of Athletes . . . . 57 

5.4 Injury Risk Factors from Perspective of Music Teachers 59 

5.5 Warm-Up and Injury Prevention from Perspective of Music Students 60 

5.6 Time Spent by Music Teachers on Injury Prevention in a Lesson . . . 61 

5.7 Injury Prevention Strategies from Perspective of 42 Music Teachers [11 63 

5.8 Treatments Offered by 105 Music Teachers 64 

vn 



List of Figures 

2.1 A Framework for the Definition of Warm-Up in Athletics 6 

2.2 Passive Stretching 9 

2.3 Static Stretching 10 

2.4 Isometric Stretching 11 

2.5 Ballistic Stretching 12 

2.6 PXF Stretching 13 

2.7 Typical Viscoelastic Behavior of Muscle 14 

2.8 Sarcomeres 15 

2.9 Cycle of Muscle Contraction 20 

3.1 A Framework for the Definition of Warm-Up in Music 24 

3.2 Carpal Tunnel 31 

3.3 Focal Dystonia in the Right Hand 32 

3.4 Tendinitis 33 

4.1 Forearm Stretching 35 

4.2 Arm Stretching 35 

4.3 Back Stretching 36 

4.4 Neck Stretching 36 

4.5 Stretching Described by Student A and Student F 37 

4.6 Finger Stretching Described by Student B 38 

4.7 Hand Stretching Described by Student B 38 

4.8 Hand Stretching Described by Student C 39 

4.9 Finger Stretching Described by Student C 39 

4.10 Stretching Described by Student G 40 

4.11 Hand Stretching Described by Student I 41 

4.12 Back Stretching Described by Student I 42 

5.1 A Framework for the Definition of Warm-Up and its Effects 47 

5.2 Comparison of Warm-Up Types 48 

vm 



3 Active Warm-Up Components: Musicians and Athletes 52 

4 Active Warm-Up Components: Musicians and Music Students . . . . 53 

5 Specific Warm-Up Components: Musicians and Athletes 54 

6 Specific Warm-Up Components: Musicians and Music Students . . . 55 

IX 



Chapter 1 

Introduction 

1.1 Introduction 

The expectation that warming up before physical activity reduces the risk of injury 

is widely accepted. For example, the Arthritis Society of Canada recommends the 

following, [2] "Always be sure to stretch and warm-up before working in the garden. 

This will reduce stiffness and decreases your risk of injury." While the potential value 

of warm-up appears to be generally understood, definitions of warm-up are neither 

consistent across disciplines nor within disciplines. In general, warm-up refers to a 

period, prior to some specific physical activity, which prepares an individual in body 

and mind, for the event [ \]. 

1.2 Warm-Up Definition 

In the discipline of athletics, definitions of warm-up vary from author to author, 

but all carry a similar meaning. For example in Hedrick [4], warm-up is defined as 

"a period prior to performance which prepares an athlete physiologically and psycho

logically for athletic performance." Similarly, Roetert [5] defined warm-up as "low 

intensity exercise that elevates tissue temperature, increases heart rate and actively 

prepares the athlete for exercise." Other authors [3,6-8] have a range of definitions 

sharing similar ideas to that of Hedrick [4] and Roetert [5]. In contrast, warm-up is 

not well defined in the discipline of music and there is no clear definition of warm-up 

and its components. 

1 
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Warm-up can be categorized in different ways such as passive warm-up, active 

warm-up sometimes called general warm-up, and specific warm-up [3,7,9-11]. In 

this interdisciplinary study, passive warm-up refers to increasing the temperature 

of a superficial part of the body by some external means; such as a hot shower, 

massage, or heating pads. Active warm-up refers to a period prior to exercise and it 

has three stages: exercising aerobically, stretching, and moving specific parts of body 

regarding to the subsequent event. Finally specific warm-up refers to a two stage 

preparation which includes movements that are related to the actual performance 

and visualization of the activity. More detail on warm-up in athletics is presented in 

Chapter 2. 

In athletics it is widely but not universally accepted that warm-up prior to exercise 

decreases the risk of injury and improves performance [4,6,7,12,13]. Although there 

are different descriptions of warm-up routines, the available literature provides little 

information concerning the appropriate duration or the intensity of warm-up. Neu-

berger [13] stated that the intensity of the warm-up procedure is an important factor 

and attributed a vigorous warm-up to better physical performance when compared 

to moderate, short warm-ups. Depending on the type of sport, suggested warm-up 

routines can be different, i.e. some sports, such as tennis [1 i] may require more joint 

rotation while others such as running [ 1] may need more muscle stretching [i6]. The 

range of injuries among musicians suggests there is incomplete understanding about 

the abilities of the human body and the applications of proper warm-up that could 

reduce the risk of injury. 

1.3 Physiological Effects of the Warm-Up Routine 

It has been reported [7,11] that warm-up improves athletic performance and de

creases the risk of injury by increasing muscle flexibility. As Taylor suggested [17], 

improvement in muscle flexibility is attributed to changes in the mechanical properties 

of the muscle. Active warm-up, or general warm-up, increases the muscle tempera

ture and this elevation improves the range of motion [6,18]. It was suggested in [18] 

that a more flexible muscle-tendon unit is more able to sustain external loads and less 

likely to be injured. The observed increase in flexibility may be due to an increased 

stretch tolerance [19], or a change in mechanical properties of the muscle-tendon 
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unit [17]. The mechanical properties of muscle-tendon units are viscoelastic in nature 

and are temperature dependent [20]. This temperature dependence can affect the 

tensile characteristics of the muscle [21]. This will be discussed in detail in Chapter 

2. 

1.4 Psychological Effects of the Warm-Up Routine 

Individuals can improve their performance by including psychological aspects in 

their warm-up routines [22,23]. Visualization improves self-confidence and concen

tration by repetitively previewing the upcoming activity in the mind. Moreover, 

visualization increases an individual's focus during the performance [6,24-26]. It has 

been stated that the physiological aspects of warm-up do not benefit an individual 

greatly if they are not accompanied by psychological preparation [11,22]. 

1.5 Problem Statement and Purpose of Study 

There are many different factors involved in injury in musicians. These include: 

improper techniques, poor posture, too much or too little practice, improper instru

ment size, emotional stress1 and lack of warm-up [27]. Warm-up was seen to be one of 

the factors that has the potential to reduce the risk of injury and also to improve the 

quality of the performance. However, proper warm-up is not well defined in music. 

The purpose of this research is to study the physiological and the psychological ef

fects of warm-up routines in athletics and correlate these to the warm-up routines in 

music. In this study, the effects of warm-up on the human body are first examined for 

athletes. These effects are not restricted to athletes and they may apply to musicians 

as well. In addition, this research emphasizes the combination of both physiological 

and psychological aspects of warm-up that may help improve the quality of playing 

as well as reduce the risk of injury. Finally this interdisciplinary study provides a 

novel framework for the definition for warm-up in the discipline of music. 

In Chapter 2 a review of athletic warm-up is presented. It includes a discussion 

of different aspects of warm-up, different types of warm-up routines used and the 

1Emotional stress refers to a state of being in which emotional factors, perhaps unrelated to music 
performance, result in the inability of the performer to play normally. 
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beneficial effects of warm-up on athletes. A novel framework for the definition of 

warm-up is established. In Chapter 3, the available information and definitions of 

warm-up as understood by musicians are presented and the current factors that may 

be helpful for injury prevention are categorized. The framework for the definition of 

warm-up is then modified to accommodate the variations seen in music. Chapter 4 

includes an informal survey about adolescent attitudes to warm-up. This step was 

considered in establishing the framework for musicians. In Chapter 5, a synthesis 

analysis is presented for warm-up in both disciplines. It is observed that, within 

the established framework, musicians do not include the aerobic portion of warm-up. 

Finally the contributions of the thesis, including the discussion and recommendations 

along with suggestions for future work, are presented in Chapter 6. 



Chapter 2 

Physiological and Psychological Effects of 

Warm-Up on Athletes 

2.1 Introduction 

It is common to see athletes warm-up prior to practice and performance. The 

expectations of this preparatory workout are improvement in the physical performance 

and a reduction in sport-related injuries [b-^,23]. While some studies [29-31] have 

contradictory opinions about the benefits of warm-up for athletes; the main objection 

to warm-up surrounds the stretching component. For example, Shrier [29] presents 

five arguments against stretching. In this chapter, the definition of warm-up, its 

types and effects will be discussed. A framework for the definition of warm-up will 

be developed based on definition variations of warm-up and its effects in athletics. 

2.2 Definitions of Warm-Up in Athletics 

Warm-up is one of the most commonly recommended approaches to injury preven

tion [8] and it is suggested as a way to improve the performance of athletes [6-8]. It 

is useful to review several variations in the definition of warm-up. Frank [7] defined 

warm-up as "some form of moderate activity that athletes do before participating in 

more strenuous exercise." Fradkin [8] defined warm-up as "some form of low intensity 

physical activity in training routines before participating in more strenuous exercise." 

Krista [3] defined warm-up as "a period prior to performance that is intended to de

crease the chance of injury by improving muscle dynamics and also prepares athletes 

for the following performance." Marc [6] defined warm-up as "a way of preparing an 

5 
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athlete's mind, heart,lungs and muscles for athletic activities." 

While many definitions exist, in this interdisciplinary study, a framework for warm-

up for athletics is defined as a period, prior to the event, in which one prepares the 

body and mind through three types of activities: passive warm-up, active warm-

up, and specific warm-up. Figure 2.1 shows a defined framework for athletics and its 

components as used in this thesis. Passive warm-up refers to increasing the superficial 

temperature in a part of body by some external means such as hot shower or massage. 

Active warm-up refers to a period prior to exercise and it has three stages: exercising 

aerobically, stretching, and repeating movements that are similar to the expected 

activity. Finally, specific warm-up refers to a two-stage preparation which includes 

movements that are related to the actual performance and visualization. 

Warm-Up in 
Athletics 

Passive Warm Up Active Warm-Up Specific Warm Up 

Aerobic Exercise Stretching 
Repetition of 
Movement 

Visualization 

Figure 2.1: A Framework for the Definition of Warm-Up in Athletics 

2.3 Types of Athletic Warm-Up 

A more detailed discussion of the various forms of warm-up seen in athletes, is 

necessary if their use is to be considered for application in the discipline of music. 



7 

2.3.1 Passive Warm-Up 

Passive warm-up is a procedure that increases the superficial temperature of the 

skin and/or muscle by some external means, such as a hot shower, a steam bath, 

heating pads and massage [3,5,7,9,11]. Strieker [32] indicated that repetitive passive 

warm-up decreases tension in muscle-tendon units, which results in an increase of 

muscle tolerance towards tearing. Some studies [33-35] indicated that passive warm-

up prior to performance is beneficial and improves the athlete's performance by 1-

26%. Passive warm-up is not usually used alone but is often accompanied by active 

warm-up to get a better result [9]. 

2.3.2 Active Warm-Up 

Active warm-up, also called general warm-up, is any non-specific body movement 

that causes the body temperature to rise [.'5,6,7,9,36]. It is the most common type of 

warm-up used among athletes due to its ability to change deep muscle temperature [.*>]. 

Muscle movements in the aerobic phase increase the body temperature but they are 

not a forced or particular neuromuscular activity1 related to the subsequent event 

[20]. Jogging, jumping, stationary bicycle riding are typical examples of active warm-

up [•*>, ! i]. Perhaps, since active warm-up is not being restricted to any specific body 

movements, some literature refers to this as general warm-up. The active warm-up 

prepares one's body and mind through three stages: exercising aerobically, stretching 

the event-required muscles for the following event, and repetition of movements that 

are similar to the expected exercise. It appears that active warm-up is more common 

[7] than passive warm-up, since active warm-up increases muscle temperature, blood 

circulation, oxygen flow to the muscles and the mobilization of various hormones 

[7,38]. A description of these three stages will be given below. 

2.3.2.1 Aerobic Exercise 

Aerobic exercise is the first component of the active warm-up and is defined [39] 

as "brisk physical activity that requires the heart and lungs to work harder to meet 

the body's increased oxygen demand. Aerobic exercise promotes the circulation of 

oxygen through the blood." By performing aerobic exercise, working muscles require 

1 Neuromuscular activity refers to the activity that is pertained to both nerve and muscle of the 
particular part of body [37] 
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more oxygen compared to muscles at rest. Consequently, the respiration rate and 

the heart rate increase and cardiovascular function increases. With an increase in 

cardiovascular function, the rate of blood flow to arteries increases; therefore, arteries 

dilate and consequently the resistance toward blood flow decreases. By increasing the 

blood flow, more oxygen is available to the working muscle and muscle temperature 

increases. The muscle metabolism increases by taking in more oxygen and giving 

out more waste. This, in turn, causes the hormonal balance to change which, in 

turn, enhances nervous system response, making the athletes more prepared for the 

subsequent activity. At the same time, the elevation in muscle temperature allows 

muscles to contract more rapidly and efficiently when compared to unwarmed muscles, 

which will lead to enhanced performance [16,40,41]. Hill [42] indicated that nerve 

receptors and the transmission speed of nervous impulses are sensitive to temperature. 

When the body temperature is slightly higher than normal, as it is during aerobic 

exercise, the response of the nervous system is enhanced. This enhanced nervous 

system function is very helpful in sports that demand complex movements of different 

parts of body [ 12]. Even though the temperature increase in muscle tissue during 

an aerobic exercise appears small, around 1.13°C [13], it can be enough to trigger 

hormonal and chemical reactions within the body. 

2.3.2.2 Stretching 

While stretching is usually defined as the second component of active warm-up rou

tine, some references [3,16,29,44] treat stretching separately. There does not appear 

to be a formal definition of stretching in the available literature. However, stretching 

is generally viewed to involve increasing muscle length and the range of motion of the 

associated joint(s) [45]. There are contradictory positions on the benefits of stretch

ing. Howell [46] and Dean [47] recommended that stretching follows aerobic exercise 

as stretching improves the range of motion. Some [20,48,49] mention that stretching 

improves the performance and reduces the risk of injury. Others [29, 46,50] state that 

stretching may increase the risk of injury. Furthermore, there are some [51,52] who 

indicate that there is neither an advantage nor a disadvantage to stretching. 

Stretching can be divided into a number of types: passive stretching, static stretch

ing, isometric stretching, ballistic stretching, and propriatoceptive neuromuscular fa

cilitation (PNF) [44]. Athletes may do one or more of the several stretching methods 
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available, depending on the requirements of the sport. A brief description of the 

different types of stretching is presented below. 

• Passive stretching, also called relaxed stretching, involves lengthening a muscle 

by a sustained stretch in a held position as shown in Figure 2.2. In passive 

stretching, the athlete often uses a partner to assist in maintaining the sustained 

hold [44]. 

Figure 2.2: Passive Stretching [53] 

• Static stretching is stretching a muscle to the point of discomfort and then 

holding the muscle at that situation for 15 to 60 seconds. Figure 2.3 shows 

static stretching. Athletes perform the static stretching on their own, without 

a partner [44]. 

• Isometric stretching is a variation of static stretching in which the lengthening 

muscle is held for 15 to 60 seconds using an immobile object such as a wall, as 

shown in Figure 2.4 [44]. 

• Ballistic stretching involves repetitive bouncing motions, as shown in Figure 

2.5. This is the oldest technique of stretching [44]. Craig et al. [16] do not 

recommend bouncing as a safe way of stretching due to creating more tension 

in the muscle. 
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Stretching 

Wrist stretch Upper trapezius stretch 

Quadriceps stretch Standing calf stretch 
Standing hamstring stretch 

Hip (texor stretch piriformis stretch Hip adductor stretch 

TninK rotation Double knee to chest 

CopyngMC200iMcK*HonHHin8i>Vt«n*aC AH right* <n«vwf 

Figure 2.3: Static Stretching [51] 

• Proprioceptive Neuromuscular Facilitation, or PNF, combines passive stretch

ing and isometric stretching [il]. PNF consists of a muscle being passively 

stretched, then contracted isometrically against the resistance while it is in the 

stretched position, as shown in Figure 2.6. This process is repeated several 

times while the required range of motion increases and is intended to improve 

flexibility [44]. 

Flexibility is defined as [58], "the intrinsic property of the body tissues that deter

mines the range of motion achievable without the injury at a joint or group of joints." 

There are two types of flexibility: static flexibility which refers to the degree to which 

a joint may be passively moved to the end points of the range of motion [29,44,59], 

and dynamic flexibility which refers to the degree which a joint can be moved as 

a result of muscle contraction, usually passing through the midrange of movement. 

The dynamic range of motion is generally greater than static range of motion due 

to enhanced tissue elasticity and "reciprocal inhabitation" leading to relaxation of 

opposing muscles during physical activity [29,44,59]. 
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Figure 2.4: Isometric Stretching [55] 

Proper stretching contributes to increasing the flexibility of joints [7]. A short-term 

increase in flexibility after stretching, can be attributed to: a decrease in muscle-

tendon unit stiffness [Jh]; an increase in muscle tissue temperature [6]; and an increase 

in the muscle tolerance to stretching [29]. According to [60], an increase in flexibility 

through stretching decreases the incidence of muscle and tendon injuries and also 

diminishes muscle soreness and improves athletic performance [61-63]. Jones [61] 

stated that it is possible that too much or too little flexibility and in some cases 

increasing flexibility, may increase the risk of injury. 

2.3.2.3 To Stretch or N o t t o Stretch 

As indicated earlier, there is some debate over the value of warm-up, particularly as 

it applies to stretching. Given the explanation of flexibility, it is easier to understand 

this debate. Some studies, such as [6,11,65] stated that stretching is beneficial for 

athletes by improving the performance and reducing the risk of injury. Others [28,29] 

have argued that stretching may increase the risk of injury, these injuries may even 

occur during the stretching. This dilemma might be related to mechanical properties 

of muscle as a connective tissue. Muscle is strain rate sensitive [66] and its behavior 

will depend on the size of the applied load and the rate at which the load is applied. 

With momentary changes or elastic deformation, the muscle is able to return to its 

original length [67]. Permanent changes are such that a muscle is not able to return 

to its original length [67]. Viscoelastic changes in structure depend on duration and 

the rate at which the load is applied [17]. Typically, there is an initial elastic response 
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Figure 2.5: Ballistic Stretching [56] 

followed by a viscous response, as shown in Figure 2.7. Stretching may involve elastic, 

plastic and viscoelastic responses in the muscle fiber. The duration and the amount 

of applied force influence the nature of the response [67]. 

In [29], Shrier presented five arguments refuting the value of stretching as a factor 

in injury reduction and performance improvement. His arguments relate to compli

ance of the muscle, whether active or passive, energy absorption, correct stretching 

techniques, and pain threshold of the athlete. 

Shrier's [29] first concern is the compliance of the muscle tissue. Compliance, C, is 

defined as the change in length, AL, due to the applied force, F: 

Compliance is not related to the muscle tissue resistance towards injury. An increase 

in muscle compliance is associated with a decrease in the energy absorption of the 

muscle. It is stated [29] that if in vitro the muscle compliance increases, by warming 

from 25 °C to 40 °C, the muscle ruptures at a longer length. This however, is not 

beneficial because the muscle actually ruptures at a lower force [29]. This concern is 

refuted by Noonan [69] where it is stated that an increase in temperature causes an 
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Figure 2.6: PNF Stretching [57] 

increase in failure length and failure load. Noonan [69] mentioned that an increase 

in temperature, increases the length of muscle to failure and increases the amount of 

load to failure. 

Shrier's second concern relates to the idea that injury happens because the muscle 

tissues absorb a certain amount of energy or because the muscle tissue exceeds a 

certain length. Shrier [29] refutes the argument in [20, h9] in which the muscle is 

thought to be injured after absorbing a certain amount of energy. Ian [29] stated 

that injury happens because of excessive lengthening of the sarcomeres due to the 

applied force. Figure 2.8 shows how a sarcomere functions when a muscle is relaxed 

and during contraction. Injury happens when the sarcomeres are stretched and actin 

filaments and myosin filaments are no longer overlapped, therefore the applied force 

travels through cytoskeleton of the muscle fibres and those muscle fibres are damaged. 

Shrier's hypothesis [29] is that "it is the sarcomere length that is related to most 

exercise related muscle strains rather than muscle length." Under this hypothesis, an 

increase in total muscle compliance is irrelevant. This hypothesis is not supported by 

biology since lengthening a muscle is related to lengthening a sarcomere. Lengthening 

of the sarcomeres results in total muscle lengthening. 

Shrier's third concern deals with how stretching relates to the compliance of active 

muscle and passive muscles. In general, injuries happen when the muscle is active; 
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Figure 2.7: Typical Viscoelastic Behavior of Muscle [6.s] 

therefore, compliance of an active muscle should be more important than the com

pliance of a muscle at rest. Compliance of the active muscle is related to the number 

of actin and myosin cross-bridges. However, compliance of the passive muscle is due 

to the muscle cytoskeleton. In addition, while active muscle has a lower compliance 

than passive muscle, it absorbs more energy. These two points do not support the 

statement in [20] that an increase in compliance is related to reducing the risk of 

injury. 

Shrier's fourth concern is the difficulty in defining the correct stretching techniques. 

He mentioned that overstretching a muscle definitely leads to injury. However, even 

strains as small as 20% beyond the resting fibre length can produce damage. There

fore, defining the correct stretching technique is harder than previously thought. 

Shrier's final concern is that an increase in the range of motion is related to an 

increase in pain threshold rather than a benefit of stretching. It is required in PNF 

and in static stretching, to stretch until the point of discomfort. He believed this 

frequently experienced pain supports the position that stretching increases the pain 



15 

Actin filament 

\ 

Myosin {lament 

Relaxed 

Partially 
contracted I 

/«#-

Fiily 
contracted I 

Figure 2.8: Sarcomeres [i0] 

threshold rather than changing the compliance characteristic of the muscle tissues. 

While this chapter refers to athletics, it is useful at this juncture to discuss Shrier's 

arguments with respect to a pianist. It is necessary to mention not all his arguments 

are related to piano playing. For instance, the stretching required to prepare pianists 

for performance is less demanding than most sports-related stretching, as a result the 

amount of energy absorption in stretching is less of an issue for pianists. In addition, 

the level of stretching required for playing piano is low enough that lengthening does 

not exceed the critical length of muscle. Exceeding the critical length may cause 

injuries. Preparation for playing piano does not involve great energy absorption, 

excessive lengthening of muscle nor a great range of motion in joints. Nevertheless, 

co-contraction and compliance of active and passive muscles are issues for the pianist 

and these are mentioned by Shrier [29]. 

2.3.2.4 Guidelines for Stretching 

As mentioned previously, there is a fine line between stretching a muscle correctly 

and obtaining the desired result, and overstretching and tiring a muscle by holding it 



16 

in stretched position for too long [16]. In order to reduce the risk of injury; a number 

of guidelines have been proposed: 

• stretching has to be done at least 15 to 20 minutes before exercise and also after 

exercise [16,28,48,71], 

• stretching has to be in harmony with the sport requirements [16,71], 

• stretching has to be done carefully and bouncing should be avoided [16], 

• stretching has to be held for 15 to 20 seconds to get the desired results [16], 

• stretching has to be with a correct intensity to avoid overstretching [16], 

• stretching has to be repeated for each muscle groups 3 to 5 times [16]. 

2.3.2.5 Repetition of Movement 

Repetition of movement is the final component of active warm-up, as defined in 

this thesis and as will be seen it is also part of specific warm-up. In this portion 

of active warm-up, an athlete focuses on mimicking movements similar to the actual 

performance [ 1; ]. This stage concentrates on the neuromuscular portions of the body 

that will be used in the subsequent activity [ti]. For instance, a runner starts to run 

at a moderate or slow speed shortly before the actual race. One of the advantages of 

this component is increasing one's focus by concentrating on the techniques. Because 

an individual focuses on the required techniques for the following event, concentration 

improves. This, in turn, decreases the chance of making errors. The only difference 

between this method and the actual performance is the level of intensity [11]. 

2.3.3 Specific Warm-Up 

Specific warm-up is the most effective warm-up method in many circumstances due 

to its effects on the muscles required for the planned activity which include an increase 

in neuromuscular activity and an improvement in response of the nervous system [3,7]. 

This two-stage of warm-up is composed of mimicking movements similar to the actual 

performance, and for that reason it belongs to both active and specific warm-up, as 

well as visualization of the activity [6]. This form of warm-up is extremely important 

for a sport that requires complex coordination because it allows complex skills to be 

practiced before an event [7]. 
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2.4 Physiological and Psychological Aspects 

An important benefit of a warm-up routine is placing the athlete in an optimum 

condition for the following event both physiologically and psychologically [4,11]. Neu-

berger [13], in a summary of warm-up literature, reported that 14 out of 22 studies 

showed that warm-up has positive impact on improving performance and reducing 

the risk of injury, while 7 out of 22 indicated that warm-up improves the perfor

mance but not significantly and one study showed a decrease in muscular strength 

following passive warm-up, but no effect on muscular endurance. These results will 

be incorporated in Chapter 5, in the synthesis analysis. 

The attitude of athletes toward warm-up appears to be one of the factors that 

may affect the outcome of warm-up. Athletes who believe in the positive effects of 

warm-up profit more from a warm-up routine than those who associate warm-up with 

a negative impact [13,72]. 

2.4.1 Physiological Effects of the Warm-Up Routine 

An active warm-up improves the performance and reduces the risk of injury by 

enhancing the body physiologically [A, 7]. Most of physiological mechanisms that 

happen during the active warm-up routine are temperature dependent [7]. As men

tioned previously, during aerobic exercise muscles require more oxygen compared to 

the muscles at rest. As a result, the lungs take in more air and the heart rate in

creases. This cause dilatation of the blood vessels, an increase of blood volume in the 

working muscle increases and an elevation of muscle temperature [3,4,7,11,73,74]. 

The muscle cell metabolism increases due to an increase in muscle temperature [4]. In 

addition, the sensitivity of nerve receptors and transmission speed nervous impulses 

are affected by temperature. Thus, a slightly higher temperature, on the order of 

1.13°C [43] is believed to improve the function of the nervous system [11]. 

One study [4] indicated that the benefits of an increase of muscle temperature are: 

the rate of abnormal electrocardiorythms decrease due to an increase in the blood 

supply to the heart; the risk of sport-related injury decreases due to both elevation 

in the muscle temperature and a decrease in the viscosity of the muscle fibres; and an 

improvement in performance is associated with the increase in muscle temperature 
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which allows a more forceful and rapid contraction of the muscles [7]. 

2.4.2 Psychological Effects of the Warm-Up Routine 

The benefits of warm-up come not only from the physiological aspects of warm-up, 

but also from the psychological effects of the warm-up [22,23]. Psychological warm-

up makes athletes ready for the performance by improving their concentration [6]. 

For example, repetition of movements similar to the actual performance, enhances 

the nervous system and improves the athlete's focus [6,7]. It can be concluded that 

specific warm-up contributes to improve the performance by increasing the concentra

tion and through repetition and visualization reducing the chance of making errors. 

To demonstrate the importance of the psychological warm-up, Massey [22] showed 

that subjects who apply physiological warm-up and then are hypnotized to "for

get" that they have warmed-up, showed no improvement in physical performance. 

Also, Malareki [23] reported athletes who "imagined" performing warm-up, showed 

improvement in their physical performance. 

2.5 Warm-Up and Injury Prevention 

Shellock [i.] stated that an increase in muscle temperature is responsible for re

ducing the risk of injury. Moreover, it is stated that the range of motion of the 

joint is temperature dependent. At a higher temperature, the joint range of motion 

is improved due to an increase in the extensibility of tendons, ligaments and other 

connective tissues [11,67]. There are a number of factors associated with a change in 

results of the warm-up, including the intensity and the duration of warm-up. These 

are discussed in the section which follows. 

2.5.1 Intensity and Duration of the Warm-Up Routine 

The intensity and duration of warm-up are two factors that can cause warm-up to 

be beneficial, neutral or harmful [3,9,11]. As mentioned in [20], too little warm-up 

is not beneficial because muscles do not achieve the optimal temperature and too 

much warm-up is harmful due to fatigue and overuse injury [20]. Neuberger [13] 

believes that a vigorous and energetic warm-up results in a better performance than 

a moderate and short warm-up [13]. 
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The intensity and duration of warm-up should be correlated to the athlete's con

ditioning [3]. For instance, an athlete in poor physical condition and an athlete in 

good physical condition do not require the same intensity and duration of warm-up to 

reach the same muscle temperature. Hedrick [4] mentioned that the exact intensity 

and duration of the warm-up depend on the surrounding temperature and the amount 

of clothing worn. If the room temperature increases or more clothing is worn, the 

intensity and duration of warm-up can be reduced. It has been argued in [ 1] that the 

beneficial effects of a warm-up routine last for 45 minutes, so it is better to perform 

the warm-up routine in that time frame, otherwise the need for re-warming the mus

cles is required. It should be noted that the literature does not provide much more 

guidance on to the appropriate intensity and duration for warm-up. Finally, warm-up 

routines are extremely sport- and athlete-specific [4]. 

2.5.2 Common Muscular Injuries 

Many factors contribute to muscle injury, for instance: inadequate or no warm-up 

at all, incorrect warm-up including stretching, excessive or incorrect warm-up, poor 

conditioning, undernourished muscle and weakness due to a previous injury [6,75]. 

Two common causes of muscle injury are strain and fatigue. Muscle strain is 

one of the most common injuries among athletes and it is defined as a partial or 

complete tear in the muscle-tendon unit [20]. Muscle strains and tearing happen when 

the tension on a contracted muscle exceeds the muscle's strength [6, 76]. Tension 

in a muscle-tendon unit is related to intrinsic (active) and the extrinsic (passive) 

components [6]. The intrinsic component is related to the active force production of 

the muscle itself. The amount of active force produced by the muscle corresponds 

to interaction of the contractile proteins and is proportional to the overlap between 

thin and thick filaments [6]. Figure 2.9 shows how a muscle contracts and how thin 

and thick filaments overlap during a muscle contraction. This component is related 

to the connective tissue within the muscle-tendon unit and is present in unstimulated 

muscle or muscle stretched beyond the length in which overlap between thick and 

thin filaments occurs. Tension of the active component, in activated muscle, happens 

in the normal physiological length of the muscle. Beyond that, most of the tension is 

due to connective tissues [6,77]. 
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Fatigue [39] " is the decreased capacity or complete inability of an organism, an 

organ, or a part to function normally because of excessive stimulation or prolonged 

exertion." Fatigue, one of the factors that causes injuries, is the temporary reduction 

in muscle strength or muscle endurance [0]. Although athletes all around the world 

perform warm-up prior to performance, it is vital to warm-up in a manner that avoids 

muscle fatigue. If a poorly conditioned athlete performs an excessive warm-up, it may 

result in early fatigue [6]. Muscles that are capable of producing a great force and a 

faster contraction speed and those that are subjected to a great stretch are thought 

to be more susceptible to injury [6]. Therefore, it is important to warm-up those 

muscles to reduce the risk of injury [3]. 

2.5.3 Cool-Down and Injury Prevention 

Cardiovascular accidents are more likely to occur after a workout [40,79]. This 

can be prevented by a moderate work-out followed by a cool-down period [40,79]. A 

cool-down is essential in order to [80]: 

• remove the lactic acid from working muscles, 

• allow the heart rate, breathing rate, and body temperature return to resting 

levels, 
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• prevent too rapid a drop in blood pressure. 

While cool-down is not studied in this research, it does have a role to play in injury 

prevention, especially in athletics. 



Chapter 3 

Physiological and Psychological Effects of 

Warm-Up on Musicians 

3.1 Introduction 

The role of human anatomy in practice and performance is an interesting topic 

that attracts biomechanical engineers as well as those studying music. However, 

pedagogical recommendations based on anatomy are usually passed on informally 

and often include incomplete or incorrect knowledge about human anatomy [jsl]. It 

was not until the late nineteenth century and early twentieth century that pedagogues 

began to look at piano playing from the biomechanical perspective [M]. Peer advice 

may be helpful in some cases, but often it conflicts with appropriate piano techniques 

[81]. Unlike athletes' injuries, pianists' injuries usually happen because of overuse or 

misuse [82,83]. Two main factors are essential if musicians are to perform at their 

best: first, they must know the instrument and be comfortable with it, and second, 

they should understand the human body, its limitations and its capabilities [84]. The 

goal of this thesis is to study the definition of warm-up in music and examine it asa 

factors that could reduce the risk of injury among musicians. 

Bruser [85] and Frederickson [82] mentioned that pianists are cautious about their 

physical, mental, and emotional health when it is close to a significant performance, 

but this does not happen everyday. In the early stages of learning an instrument, stu

dents typically are taught to focus on the correct posture and preparation techniques. 

However, all this knowledge may be ignored under the demands and urgencency of 

preparation for a concert. Under these conditions, pianists may not take the time 
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required to prepare themselves for the practice session. 

3.2 Definitions of W a r m - U p in Music 

Evidence shows that 30% to 60% of pianists suffer from playing related, overuse 

injuries during their career [24,81,82,86,87]. This can happen because of improper 

warm-up or no warm-up at all. Unlike the definition of warm-up for athletes, warm-

up for musicians has not been defined clearly. Books and journal articles have rarely 

given a clear definition of a warm-up routine for musicians [24,81,82]. Frederick-

son [82] defined warm-up as "the period prior to performance that has three stages: a 

period of light aerobic movements of the required-muscles; a short period of stretching, 

which is considered as a way of preventing injury and improving flexibility; and third, 

a period of time for neuromuscular warm-up." Zaza stated in 1994 [24] that warm-up 

is "a period prior to performance that musicians began their practice routine by play

ing slowly on the instrument or a part of the instrument." Thus, Zaza's definition 

of warm-up in 1994 [2 1] concentrates on neuromuscular warm-up rather than physio

logical warm-up. This means her definition emphasizes the importance of performing 

specific warm-up rather than active or passive warm-up. Zaza stated [24] that there 

are no harmful effects of performing physical warm-up; however, more research was 

required to prove whether or not it is a necessary component of the warm-up routine. 

Comeau [88] concluded from literature review that warm-up is "preparing the muscle 

and mind for musical activity." In the case of musicians, warm-up is defined as [88] 

"period which provides practice of the required-techniques along with playing slowly 

and exercising fingers." Norris [89] defined warm-up as "a period prior to perfor

mance in which to practice musical techniques." But seen in athletics, Norris does 

not include aerobic exercises as a part of warm-up routine for musicians. Paull and 

Harrison [90] defined warm-up as "a procedure to move the muscles gently for a few 

minutes so as to increase blood circulation." Moreover, they indicated that pianists 

should be careful to prevent stress and fatigue in muscles [90]. However, some musi

cians; e.g. winds and string players, perform warm-up before performance, simply to 

warm-up their instrument and make it ready for the performance. 
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3.3 Types of Music Warm-Up 

In the discipline of music, a warm-up routine can be categorized in two stages: 

first the time that musicians spend away from the instrument and second the time 

that musicians spend playing the instrument preparing the body and preparing the 

mind for the subsequent event [91]. Placing the limited available information in music 

into the framework defined for athletics, allows the development of a framework for 

definition of warm-up in music, as shown in Figure 3.1. The framework for definition 

of warm-up for musicians adopted here has three components: passive warm-up, 

active warm-up and specific warm-up. Two types of warm-up are regularly referred to 

when making the body ready for the performance, although not necessarily by name, 

in the discipline of music; specifically passive and active warm-up [82,91,92]. Also to 

increase mental focus a musician may use some form of specific warm-up [82,91,92]. 

As will be discussed, Related Movement, replaces Repetition of Movement found in 

the framework for athletes shown in Figure 2.1. 

Warm Up in 
Musicians 

Passive Warm Up Active Warm-Up Specific Warm-Up 

Aerobic Exercise Stretching 
Related 

Movement 
Visualization 

Figure 3.1: A Framework for the Definition of Warm-Up in Music 
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3.3.1 Passive Warm-Up 

As mentioned in Chapter 2, passive warm-up is defined as increasing the tempera

ture of superficial part of the skin or the required-muscles, by some external means. 

Bruser [93] stated that there are different ways to warm the required muscles: tak

ing a hot shower, washing the hands under warm water or walking for 3 minutes. 

By definition, the first two methods are considered to be passive warm-up. Also, 

when massaging hands, with real or imaginary hand lotion is mentioned as another 

method of warming up passively [91]. The benefits of stretching are more obvious if 

the muscles are warmed [93]. 

3.3.2 Active Warm-Up 

An active warm-up can be interpreted as any light activity that happens before 

the performance. There are many examples of active warm-up in music books, even 

though they may not be called "active warm-up". Bruser [93] mentioned typical active 

warm-up routines including lying down on the floor with arms and legs extended up 

toward the ceiling and moving them in all different directions. The benefit of this 

method is that muscles get warm without supporting the weight of the body [93]. 

Another common method to make the body warm is to stand up and shake the 

limbs [93]. Paull and Harrison [91] described another form of active warm-up in this 

way: "take a short, brisk walk or jog, or trot up and down the stairs a few times." 

3.3.2.1 Aerobic Exercise 

There is no general agreement on whether musicians should perform aerobic exer

cises before playing or not. Zaza in 1994 [24] indicated that aerobic exercises are not a 

mandatory part of the warm-up for pianists. Paull and Harrison [90] mentioned that 

exercising aerobically before playing is helpful in injury prevention because warmed 

muscles are more flexible than cold, unprepared muscles, and that flexibility is a char

acteristic that reduces the risk of tearing, although tearing a muscle by playing an 

instrument, is not a typical injury in musicians. Paull and Harrison further indicated 

that it is easier to play with warm hands; therefore, performing light aerobic exercise 

prior to the performance is beneficial, to increase the blood circulation through mus

cles [91]. It is vital for pianists to understand the athletic approach to warm-up in 

order to be able to determine the best approach to increasing the temperature of the 
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body, but particularly of the hands [91]. Paull and Harrison [91] believed that going 

to the gym and trying to keep the body fit are primary steps in playing well. 

3.3.2.2 Stretching 

Most pianists agree that stretching before playing is beneficial and most injury 

prevention programs include stretching as an important part of their agenda [24]. 

Zaza noted that the effects of stretching on musicians may depend on the musician's 

attitude towards it [24]. Some believe that stretching reduces the risk of injury, while 

others do not believe that stretching prevents injury. Paul and Harrison [90] stated 

two main benefits of stretching: 

• to increase muscle flexibility and maintain a muscle's full extensibility, 

• to be able to lengthen a muscle without the risk of tearing. 

Paull and Harrison [90] gave the following guidelines for stretching in order to 

reduce the risk of injury. It is important to mention these guidelines are similar to 

those seen in athletics: 

• stretching should be done slowly and gently, 

• stretching should not be accompanied by bouncing, 

• stretching should not last until the point of discomfort, 

• stretching should contribute to a reduction, over time, of the tightness and the 

stiffness of muscles, 

• stretching should be repeated 3 to 4 times for maximal effectiveness. 

3.3.2.3 Related Movement 

Based on the framework used in this thesis, the use of related movements is the 

final stage of the active warm-up routine. Here, musicians perform motions similar to 

the ones required for the actual performance [91]. In this case, the warm-up material 

is related to the actual piece of music in terms of techniques to be used [91]. Paull 

and Harrison [91] indicated that musicians can play anything in the last stage of their 

warm-up, as long as they remember to keep the body movements gentle, play a variety 
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of notes, play with moderate speed and have a neutral body position. While these 

related movements are an essential component of warm-up for musicians, careless 

repetition is dangerous and might limit the body to a single position [91]. 

3.3.3 Specific Warm-Up 

A specific warm-up in music is interpreted as playing with the instrument [91]. 

There are different ways of performing this type of warm-up. Musicians can either 

follow a very restricted technical exercise or they can play what they feel comfortable 

with [91]. Both are fine provided that the musician remembers the athletic principle 

that practice should be at a moderate level. Musicians should also play a variety of 

notes in this stage [91]. A specific warm-up can also be interpreted as a neuromuscular 

warm-up which increases the level of coordination and skill [24]. 

3.4 Physiological and Psychological Aspects 

Playing a piece of music, especially using the piano, requires a high level of co

ordination between the hands, the fingers and the mind. Therefore, pianists should 

be physically and mentally ready to be able to perform [82,94]. Frederickson [82] 

mentioned that both physiological preparation and psychological preparation before 

the performance are the most important factors in achieving better performance and 

in preventing injury. 

3.4.1 Physiological Effects of the Warm-Up Routine 

Music students do not view physiological warm-up as an important part of their 

warm-up routine until they suffer a reduction in their physical health [82]. Frederick-

son [82] recommended that music students prevent injuries by physical preparation 

before a performance. Bruser [93] also emphasized that playing with warmed muscles 

reduces the risk of injury when compared to playing with unwarmed muscles. 

3.4.2 Psychological Effects of the Warm-Up Routine 

Visualization before a performance helps music students to perform better [24]. 

Bandura [25, 26] mentioned that when people visualize themselves performing an 
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activity, electromyography of the required-muscle groups for that specific activity 

changes as though they actually performed the activity. Similar to athletics, research 

shows that in a complex skill, such as playing a piece of music, the quality of playing 

increases when physical rehearsal and cognition are combined when compared to 

physical exercise alone [24,25]. 

There are several psychological methods that help musicians perform better. Zaza 

[24] stated that musicians can improve their playing by practicing their hearing skills, 

in a way that they can visualize hearing what they are going to play. Another way is 

try to imagine practicing the material that they want to play. 

Managing both stress and anxiety is an important factor in a musician's career. 

It is vital for music students to be able to control these factors in their preparation 

time before performances. One way to control these factors is by visualizing the 

performance, and in doing so, increase one's confidence [24, >2]. 

3.5 Warm-Up and Injury Prevention 

There is a substantial difference between musicians and athletes in terms of physical 

preparation [91]. Musicians often spend this time alone, while athletes may be pro

fessionally supervised [91]. This solitary nature of a musician's preparation time may 

affect the quality of playing because the right posture and safe habits are less likely 

to be taught and reinforced without supervision [91]. Correct warm-up procedures 

could be one of the factors that music students are not able to learn because of this 

difference in preparation time. Many music students graduate without knowing these 

critical points [91]. Developing safe and efficient practice habits to reduce the risk of 

injury is vital [91]. It may be useful to teach music students to think like athletes 

and to learn to incorporate the principles of sports medicine and psychology [91]. 

3.5.1 Intensity and Duration of Practice 

It is impossible to provide a guideline to indicate exactly how much practicing is safe 

for an individual. Bruser [95] stated that practice time differs between amateur and 

professional musicians. Amateur musicians may need more time to get comfortable 

with a piece of music when compared to professional musicians. 
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It should be noted that one of the risk factors contributing to injury is bad posture 

[24,82]. Music teachers should teach their students the right posture and how to 

maintain it through the entire session [82]. Teaching the right posture is vital in 

playing piano and usually the first section of a piano course is allocated to this, "The 

human body is capable of fulfilling all pianistic demands without any harm and pain. 

Insecurity and lack of technical control are symptoms of uncoordination rather than 

a lack of practice, intelligence or talent" [96]. 

Breaks during practice may avoid fatigue, overuse and stiffness [82,97]. Bruser 

believes it is crucial to take breaks during practice time to relieve the load on the 

required muscles [97]. In addition, he suggests that the brain needs to rest for 10 to 

15 minutes after each 45-minute practice session [97]. During the break, musicians 

can perform light activities, such as walking, lounging on a comfortable couch or 

drinking tea [97]. Heavy activity is to be avoided. A "break" does not mean leaving 

the practice area since even changing the position related to the instrument can be 

considered as "break" for the body [91]. 

The quality of the practice session is key to playing well. To have higher quality 

in playing, practice should be performed during the time of day that the musician 

feels fresh and stress-free [97]. A sudden increase in the duration of playing is one of 

the main causes of injury. Thus, musicians must learn how to increase their practice 

sessions, especially before auditions, competitions and performances, without the risk 

of injury [24]. 

In playing the piano, arms and shoulders perform a variety of motions. Some of 

these motions will be repeated in a playing session. This repetition might be the 

reason that arms and shoulders are usually sources of pain [84]. Nevertheless, injury 

is not always a result of inappropriate techniques [81]. Genetic factors also play a 

major role in injury development. Some individuals seem to become injured more 

easily than others [81]. 

A variety of injuries among pianists may be attributed to incorrect practicing 

and/or performance [81]. As will be seen, muscular pain syndrome, carpal tunnel 

syndrome, focal dystonia, tendinitis, and tendon entrapment are some examples of 

injuries often attributed to incorrect practicing. 
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Pianists should change the way they look at injury and try to be aware of the early 

signs of injury. Amateur students should learn from the beginning not to neglect any 

pain or uncomfortable condition [98]. Obviously, it is easier to treat a potential injury 

in primary stages rather than once it is in an advanced and developed stage [82]. 

Wristen [81] stated that the most important factor in injury prevention is to avoid 

a sudden increase in the intensity of practice. In addition, warming up the mus

cles allows them to reach their optimal functional temperature, and function better. 

Nevertheless, cooling down after practice is recommended to prevent injury [81]. 

3.5.2 Common Muscular Injuries 

Clearly, for pianists, injuries to the hands are particularly concerning. According 

to Mason [99], "The hand is a highly complex structure with 27 bones, 18 joints, and 

39 intrinsic and extrinsic muscles with over 20 degrees of freedom. Movement of 

the fingers requires a coordinated interplay of both extrinsic and intrinsic muscles."l 

The complexity of this delicate structure is the cause of many injuries. Mark [100] 

mentioned the following factors as contributing to injuries among pianists: 

• awkward position 

• excessive force 

• co-contraction 

• static muscular tension 

3.5.2.1 Carpal Tunnel Syndrome 

The carpal tunnel is the bony canal on the palm side of the wrist through which 

messages of the median nerve passes [37]. Carpal tunnel injury is a type of nerve 

entrapment that occurs in the wrist [37]. The carpal tunnel is surrounded by a band 

of fibrous tissue, which is responsible for supporting the joints. As shown in Figure 

3.2, carpal tunnel injury causes irritation and compression of the median nerve in the 

wrist. In this injury, the nerve is compressed within the carpal tunnel. The signs 
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Figure 3.2: Carpal Tunnel [101] 

of carpal tunnel syndrome include numbness of the hand, tingling, wrist pain, and 

weakness in the grip [37]. 

3.5.2.2 Overuse Syndrome 

Overuse syndrome is the most common injury among musicians and has been re

ported for over 100 years [102]. While there are different definitions of "overuse", 

they all refer to continuous and excessive use of certain muscle groups in performing 

a certain activity [102]. Overuse is associated with the occurrence of muscle spasms 

and pain in those muscle groups [102]. Overuse syndrome occurs as a result of specific 

hand motions made during playing [87]. 

Common symptoms of overuse syndrome include pain, weakness, swelling, loss 

of response and loss of control [102]. A recent study indicated that immobilization, 

which is the traditional treatment, is not the best treatment for overuse syndrome [84]. 

intrinsic muscles are in the hand while extrinsic muscles are in the forearm. 
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Physiotherapists no longer advocate total rest from playing. Instead, musicians are 

encouraged to play with the instrument in a manageable but restricted timeframe [84]. 

3.5.2.3 Focal Dystonia 

Focal dystonia is defined as a disorder in which there are irregular movements in a 

muscle or a group of muscles. Figure 3.3 shows a typical focal dystonia in the right 

hand of patient. It usually affects the parts of the body that are subject to constant 

use in an activity. In this situation, the affected part does not respond to the required 

task, but acts normally in other activities [100]. Twitches and repetitive posture tics 

are observed in the affected parts. Focal dystonia is recognized as a loss of motor 

control of one or two fingers [103]. In this injury, the brain's ability to control those 

fingers is reduced. 

Figure 3.3: Focal Dystonia in the Right Hand [104] 

3.5.2.4 Tendinitis 

Tendons are fibrous tissues that connect muscle to bone, as shown in Figure 3.4. 

Tendinitis is a painful inflammation, and irritation of a tendon. Tendinitis is a com

mon result of overuse and is usually accompanied by significant pain. Joint movement 
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is associated with the smooth motion of tendons. Common causes of tendinitis in

clude repeated motion of the tendon over a long period of time, overuse and sudden 

movements [100,105]. 

Neravsl tendtan 

and tcndott sheath < ww. m* 

Figure 3.4: Tendinitis [106] 

3.5.3 Cool-Down and Injury Prevention 

While the focus of this thesis is warm-up, having a period of time for cool-down is 

an important part of injury prevention [81]. For example, Zaza [24] mentioned that 

having a stretching period after playing can be considered to be one of the primary 

requirements for reducing the risk of injury. Musicians should include a cool-down 

time with the instrument after finishing the practice time to cool down. The material 

that musicians can play during a cool-down time period can be the same as material 

of warm-up time [107]. 



Chapter 4 

Warm-Up from the Perspective of Music 

Students 

4.1 Informal Survey of the Atti tude of Music Stu

dents 

The author was informed that string players from an Ontario high school were 

assigned the task of describing the warm-up procedures they follow prior to playing. 

Permission to attend the students' presentations on the subject was obtained from 

their teacher. The students' descriptions of their warm-up routines were noted; how

ever, the individual responses of the 10 students remain anonymous. The average age 

of the students was 15. 

Most students referred to "general stretching" as a part of their physiological prepa

ration. "General stretching" from their perspective is stretching the forearms and 

arms, the back and the neck. Figures 4.1 to 4.4 show the author's interpretation of 

the students' descriptions of stretching. 

Some of the students reported that they had already encountered different levels of 

neck, back, shoulder and wrist pain. In addition, some students mentioned that they 

had also experienced tendinitis. The warm-up routines as described by the students 

are presented below. 

34 
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Figure 4.1: Forearm Stretching [108] 

• 1 

Figure 4.2: Arm Stretching [109] 
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Figure 4.3: Back Stretching [iiu] 

Figure 4.4: Neck Stretching [111] 
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• Student A: This student has tendinitis and a neck problem. As a result, her 

physiotherapist assigned a predefined warm-up with a duration of 20 minutes. 

For the physiological part of the warm-up, she crosses her hands. The hand 

on top pulls the hand below until she feels stretching in her forearm as shown 

in Figure 4.5. She switches hands and repeats this procedure before playing, 

during playing and after playing. For the psychological part of the warm-up, she 

is not restricted to any particular warm-up routine. She plays different pieces 

that she feels are similar, in terms of musical dynamics, to what she is going to 

play later. In playing these pieces her body performs the movements that are 

similar to the actual piece movements. 

Figure 4.5: Stretching Described by Student A and Student F 

• Student B: This student believes stretching prevents injury. Her physiother

apist recommended a prescribed warm-up routine which meets her needs. For 

the physiological part of the warm-up routine, she places an elastic band around 

two of her fingers and moves them apart from each other as shown in Figure 4.6. 

She then puts the elastic band around another pair of fingers and repeats the 

stretching until all the fingers have been stretched. This, she believes, increases 

the "flexibility" of fingers. As part of her physiological warm-up routine, she 

stretches her hands by keeping them horizontal to her body with her palms 

facing out for 5 seconds as shown in Figure 4.7. She repeats this procedure 

10 times. For the psychological part of the warm-up, she practices a piece in 

which she concentrates on moving her fingers in harmony with one another. She 

visualizes her playing before the performance. 
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Figure 4.6: Finger Stretching Described by Student B 

Figure 4.7: Hand Stretching Described by Student B 

• Student C: This student suffers from back and shoulder pain. As a result, 

in her warm-up routine she concentrates on stretching her back. Her warm-up 

routine was recommended by her strings teacher. For the physiological part 

of the warm-up routine, she stretches her hands by keeping them horizontal 

and locking the fingers together, and then pulling her hands out as hard as she 

can, as shown in Figure 4.8. In addition, she works on increasing coordination 

between her fingers by lifting fingers 1 and 3 together and then fingers 2 and 

4 together as shown in Figure 4.9. For the psychological part of the warm-up 

routine, she plays a familiar and well-known piece of music and concentrates on 

the quality of her playing. 

• Student D: This warm-up routine does not include stretching as part of the 
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Figure 4.8: Hand Stretching Described by Student C 

Figure 4.9: Finger Stretching Described by Student C 

physiological warm-up. In her warm-up routine, the student concentrates on 

the psychological part of the warm-up more than the physiological part. For the 

psychological part of the warm-up, she plays a piece of music that she knows 

very well. Depending on the actual piece that she wants to play, she "adds some 

notes" to the piece that she has chosen for the exercise; this way her exercise 

piece is similar to her actual piece. The exercise piece includes all the gross and 

fine motor skills that she needs for the actual playing. 

• Student E: This student follows general stretching approach as described ear

lier to stretch the required parts of her body. Since she believes she has cold 

hands, she shakes her hands quickly before playing. She believes this increases 

the blood flow through her hands and as a result, increases the flexibility in her 

hands. She sometimes wears more clothes on to increase her body temperature. 

She believes the key to playing long and comfortably is to stretch the hands. 

For the psychological part of the warm-up routine, she plays a piece of music 
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that she knows very well. She starts with soft notes in terms of applying force 

over the strings and moves gradually to stronger notes. She is careful to have 

dynamic control over her warm-up practice. 

• Student F: This student emphasizes stretching of her hands as a major part 

of her physiological warm-up routine. She crosses her hands as shown in Figure 

4.5 and uses the hand on top to pull the hand below until she feels stretching 

in her forearm. She holds her hands in the stretched position for 10 seconds 

and repeats this procedure 5 times. She then switches hands and repeats the 

same procedure. For the psychological part of the warm-up routine, she is not 

restricted to any specific routine. She plays pieces that she knows well until she 

feels confident. This student visualizes her playing before the event. 

• Student G: This student has tendinitis and a shoulder problem. Therefore, 

she emphasizes stretching as a major part of her physiological warm-up routine. 

She stretches her shoulders by keeping her back straight and locking her hands 

behind her back and moving them down and up as shown in Figure 4.10. For 

the psychological part of the warm-up, she picks a piece of music that includes 

all the skills that are in the actual piece. In addition, she plays a piece of music 

fast which she believes helps her to have good control over her bow hand. 

Figure 4.10: Stretching Described by Student G 

• Student H: This student stretches for 10 to 30 minutes before playing. She 

emphasizes stretching any part of body that feels sore that day. For the physi

ological warm-up, she plays different pieces. She never sticks to one particular 

piece. The important point about the chosen piece is that it should contain all 
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the gross and fine motor skills. The final part of her warm-up routine is playing 

a piece quickly which the student believes will increase the blood flow through 

the fingers. 

• Student I: This student stretches 10 minutes before playing. Her warm-up 

routine is to keep her hands horizontal toward her body with palms facing out 

and holding this position as shown in Figure 4.11 for 10 seconds and repeating 

this 5 to 7 times. She stretches her back by locking hands together and trying 

to keep her back straight and staying in this position for 10 seconds, as shown 

in Figure 4.12. In addition, she washes her hands under warm water before 

playing to warm up her normally cold hands. For the psychological part of her 

warm-up routine, she usually picks a piece of music that is difficult for her to 

play to feel confident about playing the actual piece. This student visualizes 

her playing before the performance. 

Figure 4.11: Hand Stretching Described by Student I 

• Student J: This student concentrates on stretching as a main part of her 

physiological warm-up and she follows a general stretching approach. To meet 

the psychological part of the warm-up routine, she does not insist on any specific 

skill. She emphasizes playing a piece that causes the bow hand to move more 

frequently. At the end, she plays a piece that she knows very well to increase 

her confidence. This student visualizes successful playing before the event. She 

believes this helps the student to gain confidence. 
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Figure 4.12: Back Stretching Described by Student I 

4.2 Survey Results 

When considering the validity of the data presented and the extension to the general 

musical population, it should be noted that these data were gathered from a small 

class, with a specific graded assignment and an observer present. Students may have 

answered or presented what they believed the teacher and the observer expected to 

hear. 

Even so, it is clear there are useful outcomes. Most of the students, whether 

realizing it or not, include both physiological and psychological warm-up as part of 

their warm-up routine. On the physiological side, two of the ten students mentioned 

warming up their hands through passive warm-up, even though they did not recognize 

passive warm-up as a type of warm-up. None of the adolescent string students include 

aerobic exercise as a part of their active warm-up or preparation. Nine of the ten 

mentioned performing stretching before playing, so stretching plays an important 

role in their preparation. They mentioned stretching as a way to prevent injury from 

happening and prevent injury from re-occurring. One of the students, student H, 

mentioned she plays a piece very fast to increase the blood flow in her fingers. While 

this is not a correct understanding of biology, since there are no muscles in fingers, the 

student believes it has a positive impact on her playing. On the psychological side, all 

the students mentioned playing a piece of music with which they are comfortable, as 

a way to increase their confidence level. This demonstrates the use of psychological 

warm-up in the discipline of music. 
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Obviously, this group is not a group of normal teenagers who play music just for 

fun. Each member of this group is serious and plans to continue playing. Of all 

the outcomes mentioned above, the lack of aerobic exercise stands out. Performing 

aerobic exercise before stretching seems to improve the quality of the performance and 

reduce the chance of injury. Using the framework for the definition of warm-up that 

has now been developed in the discipline of music, it seems appropriate to suggest 

that students could benefit from the inclusion of aerobic exercise in their warm-up. 

In the next chapter, the effectiveness of aerobic exercise in music warm-up will be 

studied and the recommendation of whether or not to include aerobic exercise will be 

considered. 



Chapter 5 

Synthesis Analysis of the Warm-Up 

Routine in Both Disciplines 

5.1 Introduction 

There are many factors involved in the development of playing-related injuries 

among musicians, especially pianists. These include: years of experience; age; gender; 

playing techniques; playing posture; breaks between practice sessions; and warm-up 

prior to performance [i 12-111]. The aim of this study is to analyze the effects of 

warm-up as one of the important factors in injury prevention in musicians. 

It appears there are many tasks that demand physical preparation, or warm-up, 

in order to reduce the risk of injury. As has been seen, it is suggested than even 

gardeners perform some form of warm-up before starting their activities [2]. Warm-

up and its effects are well understood in the discipline of athletics where, over several 

decades, researchers have investigated different types of warm-up and their effects 

on the human body. In athletics, it is understood [6-8] that warm-up is essential 

for injury prevention and performance enhancement. On the other hand, in music, 

there is little available literature investigating the physiological and the psychological 

effects of warm-up as factors that could prevent injury in musicians. For this reason, 

in this chapter, a framework for definition of warm-up and effects of different types 

of warm-up in both discipline is presented, this framework is developed based on 

comparison of the established framework in music with the framework for definition 

of warm-up in athletics. 
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Watson [115] believes that to have a risk free performance, it is essential to educate 

an individual about human anatomy as well as the warm-up routine and its effects 

on the human body. Athletes are more educated in these areas when compared to 

musicians [91]. Therefore, studying the warm-up procedures of athletes could help in 

clarifying a poorly studied area of warm-up in music. 

Musicians may not perceive that the use of an athletic-based warm-up has any 

value, since the nature of the physical effort involved in playing music is very dif

ferent from that of, for example, playing tennis. Nevertheless, the human body and 

its physiological and psychological reactions vary only in degree. For example, by 

increasing the heart rate, the body temperature rises, regardless whether the person 

is playing a piano or playing tennis. 

5.2 Methods and Materials 

More than 100 papers in both disciplines regarding warm-up definition and its 

physiological and psychological effects on the human body have been reviewed for 

this thesis. Papers that did not focus on warm-up as a method that prevents injury 

were excluded. The question might be posed as to whether the difference in the level 

of physical effort involved should exclude any of the components of the warm-up as 

defined in the framework. The following factors have been shown to play a role in 

the relationship between warm-up and injury prevention: 

• passive warm-up 

• active warm-up 

• specific warm-up 

• aerobic exercise 

• stretching 

• repetition of movements 

• visualization 



46 

This chapter is organized in two parts. In the first part, the physiological and 

the psychological effects of warm-up in both music and athletics are analyzed. The 

discussions in this part are based on the opinions expressed in the cited literature. 

Also, a comparison of the opinions presented in the music literature and information 

gathered from the informal survey of Ontario music students is presented. In the 

second part, the effects of warm-up on injury prevention in both disciplines based on 

quantitative data presented in the literature are analyzed. 

5.3 An Analysis of Published Opinions on Warm-

Up 

As stated in Chapter 1, the warm-up routine is defined as any physiological and 

psychological preparation that an individual performs before the event. Figure 5.1 

shows the framework developed for the definition of warm-up for both disciplines. As 

has been shown in Figure 5.1, there are three well understood types of warm-up in 

both disciplines: passive warm-up, active warm-up and specific warm-up. Both ac

tive and specific warm-up include several stages, whereas passive warm-up does not. 

Active warm-up consists of aerobic exercise, stretching and repetition/related move

ments, depending on the discipline. Specific warm-up consists of repetition/related 

movements and visualization. Repetition/related movements belongs to both active 

and specific warm-ups. Based on this study, it is also useful to divide warm-up re

garding to its effects on an individual: unfocused physiological, focused physiological 

and focused psychological effects. These outcomes are the result of reviewing papers 

in both disciplines. As has been shown in Figure 5.1, passive warm-up has unfocused 

physiological effects; active warm-up has both unfocused and focused physiological 

effects as well as focused psychological effects; and specific warm-up has focused phys

iological and psychological effects. These components and effects will be explained in 

detail in Section 5.3. 

Table 5.1 shows the variations in definition of warm-up routines in both disciplines 

based on the opinions expressed in the available literature. The framework of Table 

5.1 was developed using the author's definition of the warm-up as stated earlier. In 

some of the literature, warm-up and stretching are defined as two different tasks. 
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Warm-Up 

Passive Warm Up Active Warm-Up Specific Warm Up 

Aerobic Exercise 

Unfocused 

Physiological 

Effects 

Stretching 

Repet i t ion/ 

Related 

Movements 

Visualization 

Focused 
Physiological 

Effects 

Focused 

Psychological 

Effects 

Figure 5.1: A Framework for the Definition of Warm-Up and its Effects 



48 

This does not conflict with defining them as two components of the active warm-up 

in Table 5.1, since both of them will be applied before the actual performance. As is 

shown in Table 5.1, there are differences between the way that athletes and musicians 

warm-up. For example, aerobic exercise is an unavoidable component of active warm-

up in athletics, but as previously mentioned, it is not a well-understood component 

of active warm-up in music. Specific warm-up is a necessary part of a musician's 

preparation, but it does not seems to be the same for athletics. It is worth pointing 

out that the reminder of the Figures of this chapter are derived from Table 5.1. 

Figure 5.2 shows the opinions expressed about different types of the warm-up in the 

available music literature, athletics literature and by the music students. As is shown 

in Figure 5.2, the active warm-up is noted as being required by all three groups; i.e., 

100% because there is at least one component of the active warm-up in each group 

that is believed to be performed regularly1. Specific warm-up is similarly noted as 

being 100% as it is required by opinions expressed in the music literature and opinions 

of the music students. 

100% 

90% 

-1 80% -f 
in 
QJ 

| ! 70% 
c 
•= 60% + 
a 
I so% 4 

§ 30% 

^ 20% 

10% 

0% 

I Athletes 

• M U S K Students 

Specific 

Figure 5.2: Comparison of Different Types of Warm-up Among Athletes and Musi
cians and Music Students 

1For example, in Table 5.1. 13 of 13 papers clearly include the aerobic component as a part of 
active warm-up 



Table 5.1: Definition Variations of Warm-Up Routine in Both Disciplines. [Research Types are EX: Experimental study, 
0: Opinion, S:study, SS: Survey of several studies, -*/: it is part of warm-up, —: it did not get discussed in this 
paper, ~: it is not clear if this is part of warm-up or not, X: it is not part of warm-up. 

Paper 

Frank et al. [7] 

Smith [16] 

Hedrick [4] 

Knight [10] 

Garrett et al. [20] 

Thacker et al. [44] 

Fadkin [8] 

Safran et al. [6] 

Frank et al. [7] 

Woods et al. [3] 

Neuberger [13] 

Strome [9] 

Willford [12] 

Karen [82] 

Zaza [24] 

Comeau [88] 
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5.3.1 Analyzing Passive Warm-Up and its Effects 

In passive warm-up the skin or required muscles are warmed by some external 

means, such as taking a hot shower, steam bath or wearing more clothes [3,7,11,93]. 

The effects of the passive warm-up are superficial. This can explain why the passive 

warm-up is usually used as a complementary method to the active warm-up [9]. As 

has been shown in Figure 5.1, passive warm-up has unfocused physiological effects 

on the human body. For example, an increase in body temperature, improves the 

muscle flexibility which may result in reducing the risk of injury [93]. Increasing the 

body temperature by some external means has been mentioned in the discipline of 

music [91]. In addition, in the informal survey of music students, students E and 

H, for example, refers to its use. Neither the music literature, nor music students 

mentioned these preparations as parts of a predefined routine. Thus, as previously 

mentioned, these preparations are categorized into the nature of the passive warm-up 

usual in athletics. 

As has been shown in Figure 5.2 and Table 5.1, a large fraction of athletes perform 

passive warm-up when compared to musicians. The athletic literature recommends 

performing the passive warm-up twice as often as the music literature. This could be 

related to the fact that the passive warm-up was not recognized as a form of warm-up 

in any of the papers in the discipline of music. A comparison between the opinions 

expressed in the music literature and the opinions of the music students shows that 

there is a close relationship between what the music literature advises musicians do 

in terms of preparation and what the music students report performing. 

5.3.2 Analyzing Active Warm-Up and its Effects 

As has been seen in Figure 5.1, active warm-up includes three components: exer

cising aerobically, stretching, and repeating movements that are similar to the actual 

event. Each of these components affects the human body and mind differently. As 

has been illustrated in Figure 5.1, the active warm-up has both unfocused and fo

cused physiological effects in addition to focused psychological effects. Unfocused 

physiological effects result from performing aerobic exercise before the performance. 

During aerobic exercise, the body temperature rises through the movement of major 

muscle groups. In this stage, an individual does not concentrate on warming up 
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specific portions of the body which will be used in the subsequent event. The goal 

of this stage is to increase the general body temperature to trigger chemical and 

hormonal reactions within the body. 

Stretching has focused physiological effects on the human body. In this stage, an 

individual concentrates on stretching the portions of the body that will be used in 

the subsequent event. 

Repetition/related movements belongs to both active and specific warm-up because 

of its characteristics. This component has focused physiological and psychological 

effects on the human body. The focused physiological effects are because playing a 

piece of music is, in fact, performing a task physically. In this stage, an individual 

concentrates on specific portions of the body. This repetition/related movements in 

specific portions of the body, enhances the nervous system of the individual, making 

it part of the specific warm-up. In addition, playing a piece similar to the actual piece, 

makes the individual mentally ready for the performance by increasing the confidence 

level. Therefore, this component of active warm-up has neuromuscular effects on the 

individual and is, therefore based on gathered information, an important part of a 

musician's warm-up. 

Figure 5.3 shows a comparison of different components of active warm-up as ex

pressed by opinions presented both in the athletics literature and the music literature. 

As is shown in Figure 5.3, aerobic exercise is a frequent component of active warm-up 

in the discipline of athletics. On the other hand, aerobic exercise is not a typical 

component of active warm-up in the discipline of music. In 1994 Zaza [24] stated 

that physical warm-up before the performance might be beneficial for musicians, but 

that more research was required to prove if that was the case. Sixteen years later, 

in 2010, she and her colleague [113] stated that physical warm-up should be a part 

of the warm-up in the discipline of music. Even so, Zaza [24,113] does not clearly 

define physical warm-up. Similarly, the recommended duration and the intensity of 

the warm-up have rarely been discussed in the available literature. 

Figure 5.4 shows a comparison of different components of active warm-up between 

the opinions expressed in the music literature and those of the music students. As 
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• Athletes 

Aerobic Exercise Stretching Repetition/Related 
Movement 

Figure 5.3: Comparison of Different Components of the Active Warm-Up in Athletes 
and Musicians 

shown in Figure 5.4, there is a difference of opinions on performing aerobic exercise 

as a part of active warm-up. None of the music students included aerobic exercise as 

a part of their preparation. On the other hand, the music literature indicates that 

performing physical activity before playing could be beneficial [21,91, 113]. Stretch

ing is a common component of active warm-up according to the opinions expressed 

in the music literature and music students. The music students believed that stretch

ing reduces the chance of injury and improves the performance because it increases 

the muscle flexibility. It is necessary to mention that the positive attitude that mu

sic students have toward stretching could be as beneficial as the positive effects of 

stretching. Related movement is an important component of the warm-up in the 

discipline of music according to the opinions expressed in the literature. This was 

supported by the informal survey of music students in which all the music students 

reported performing this form of musical preparation before a performance. 

5.3.3 Analyzing Specific Warm-Up and its Effects 

Specific warm-up is a special type of warm-up because an individual is free to choose 

the piece of music that improves concentration. The music students performed this 

type of warm-up in different ways that helped them to concentrate and feel relaxed. 
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I Music Students 

I Musicians 

Aerobic Exercise Stretching Related Movement 

Figure 5.4: Comparison of Different Components of the Active Warm-Up in Musi
cians and Music Students 

For example, student C chose a familiar piece for this part of warm-up. On the other 

hand, student D added some notes to well-known piece that she knew. As has been 

shown in Figure 5.1, specific warm-up is composed of two parts: repetition/related 

movements and visualization. The effects of repetition/related movements were dis

cussed in the section on active warm-up. Visualization has focused psychological 

effects on the human body. Visualization helps an individual to gain confidence and 

also to reduce the chance of making errors by repetitive review in the mind. The 

importance of visualization is mentioned in athletics. In terms of the importance 

of psychological preparation, Massey [13] mentioned that if an individual performs 

physical warm-up and then is hypnotized to forget the physical preparation, the body 

acts as if the individual had never done the physical preparation. It does not appear 

that this type of experiment has ever been done in the discipline of music to see if 

there are similar results. 

Figure 5.5 shows a comparison of specific warm-up based on the opinions expressed 

in the athletics literature and the music literature. As is shown in Figure 5.5, the 

music literature emphasizes the importance of performing the specific warm-up more 

often than does the athletics literature. This emphasis and the point that specific 
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Figure 5.5: Comparison of Different Components of the Specific Warm-Up in Ath
letes and Musicians 

warm-up is the safest type of warm-up [24], demonstrates that the specific warm-up 

should be a recommended component of a musician's warm-up. On the other hand, 

based on opinions expressed in the athletics literature, the specific warm-up is not 

considered as the most necessary component of the warm-up. 

Figure 5.6 shows a comparison of opinions on the use of specific warm-up expressed 

in the music literature and by the music students. As has been shown in Figure 5.6, 

there are some similarities in both components of the warm-up between opinions ex

pressed in the music literature and the music students. For example, as is shown in 

Figure 5.6, repetition/related movements is a necessary component from the perspec

tive of both groups. 

5.4 Synthesizing the Role of Warm-Up in Injury 

Prevention 

In the second part of this chapter the role of warm-up in injury prevention based 

on quantification found in the available literature, is presented. There are several 
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Figure 5.6: Comparison of Different Components of the Specific Warm-Up in Mu
sicians and Music Students 

factors involved in making the warm-up routine beneficial, neutral or harmful. These 

factors and their effects on the human body are described below. 

5.4.1 Analyzing Factors Involved in Warm-Up 

Neuberger [13] presented the hypothesis that the reason that some articles refute 

the benefits of warm-up is that the warm-up routine they applied was not performed 

with the right intensity and duration. As described in detail in Chapter 2, if an 

individual applies the warm-up routine with the right intensity and the duration, the 

body temperature rises. As a result of that, all the temperature-dependent reactions 

happen within the human body. In contrast, if an individual applies a superficial 

warm-up, the body temperature does not rise to the level required to trigger chemical 

and hormonal reactions. Finally, if an individual's warm-up is too intense, fatigue 

may result, rendering the person unable to perform properly [20]. Therefore, the right 

intensity and duration of warm-up are critical factors that are capable of changing 

the effects of the warm-up on the human body. 

V Music Students 

• Musicians 

In athletics, the intensity and duration of the warm-up routine are related to the 

physical condition of an individual [3]. In music, the duration of the warm-up depends 
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on the experience of an individual. An experienced person needs less time to be 

prepared for the event, compared to less experienced person [95]. This is a interesting 

comparison between these two disciplines, since the intensity and duration of warm-

up for athletes depend on how strong they are. In comparison for musicians, intensity 

and duration depend on expertise. There are general guidelines for the intensity and 

the duration of the warm-up routine in both disciplines, however neither the athletics 

literature nor the music literature gives clear guidelines on the intensity of the warm-

up and its duration. 

The atti tude of an individual toward the warm-up routine has been mentioned as 

an important factor in the discipline of athletics [13]. Taking breaks during the warm-

up session has only been mentioned in the discipline of music where music literature 

indicated that music students are encouraged to take breaks during a warm-up. This 

is thaught to prevent fatigue, overuse and stiffness of muscles [24,82]. Table 5.2 shows 

different factors reported to be involved in the warm-up routine in both disciplines. 

Table 5.2: Effective Factors on Warm-Up Routine 

Athletes Musicians 

Attitude y/ X 

Intensity 1/ y/ 

Duration y/ y/ 

Breaks X A/ 

5.4.2 Perspective of Athletes 

Improper warm-up, excessive warm-up or no warm-up at all, as well as incorrect 

stretching techniques have been mentioned as factors that could lead to muscular 

injury among athletes [6,75]. There are numerous studies in the discipline of athletics, 

investigating effects of a warm-up and stretching on the human body. Table 5.3 

presents a collection of four surveys, including of a total of 948 volunteers, on the 

effects of warm-up on injury prevention. This provides a view of warm-up from the 

perspective of the athlete. 



Table 5.3: Warm-Up and Injury Prevention from Perspective of Athletes (ROM indicates Range of Motion) 

Paper 

Ekstrand et al [18] 

Knight [10] 

Bixler [117] 

Cross [118] 

Van Mechelen [51] 

Subjects 

180 

97 

55 

195 

421 

Warm-Up Time 

20 min warm-up 
10 min stretching 

NA 

1) 3 min warm-up/ 
stretch (3 teams) 
2) controls (2 teams) 

1) static stretching 
prior to conditioning 
training 
2) no stretching 
program 

19 min warm-up: 6 
min running, 3 min 
loosening, 10 min 
stretching 

Types of Warm-Up 

NA 

groupl: Control group, no 
stretching 
group2: static stretching 
group3: active heel rise before 
stretching 
group4: 15 min superficial moist 
heat before stretching 
group5: continuous ultrasound 
for 7 min before stretching 

NA 

NA 

NA 

Results 

Test group had 25% 
fewer injuries 
compared to control 
group 

All group increase 
ROM, group 5 is the 
most effective for 
improvement in ROM 

Fewer injuries in the 
3 teams that 
performed warm-up 
and stretching 

Static stretching 
group has fewer 
playing-related 
injuries 

Warm-Up is not 
effective in reducing 
injury 



58 

As mentioned earlier, warm-up in the discipline of athletics is well understood and 

it appears that there is a general agreement about its benefits. Therefore, most of the 

experiments in this discipline, are either investigating the effects of different types of 

stretching or investigating the effects of a combining different types of warm-up and 

stretching. As is shown in Table 5.4, most references agree that performing a warm-

up routine reduces the chance of injury. Nevertheless, some studies, such as [119] 

mentioned that performing a warm-up is not beneficial in preventing injury. As is 

shown in Table 5.4, Ekstrand [48] stated that warm-up and stretching together reduce 

the risk of injury. The reason that some articles refute the benefits of warm-up in 

injury reduction in the discipline of athletics may be associated with uncertainty in 

the definition of the physiological variables that they use as criteria. Nevertheless, 

these types of arguments are not linked with the warm-up defined for musicians, since 

the level of intensity and the duration are lower in musicians, which makes sense since 

physical effort is lower. 

5.4.3 Perspective of Musicians 

The importance of warm-up in injury prevention has been examined in three sur

veys, including among 499 music students [112, 11 1, 120]. Table 5.5 shows opinions, 

on the perspective, of those students about the importance of warm-up. As is shown 

in Table 5.5, music students performed physical and musical warm-up before the per

formance. They allocated some time to perform physical warm-up, but it is not clear 

what they did during physical warm-up. Warm-up and its components are rarely 

mentioned in the music literature and, when mentioned, the details regarding its 

definition and its components remain unclear. 

5.4.4 Perspective of Music Teachers 

Many playing-related injuries are linked to poor practice habits [113]. Therefore, 

teaching music students safe practice habits is essential. This emphasizes the critical 

role of music teachers in injury prevention [113]. Evidence shows that many music 

teachers learn about injury prevention strategies through other teachers, workshops, 

and conferences [1,113]. Attending these workshops and meeting with other music 

teachers can help them to update their knowledge and reduce the risk of injury among 
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Table 5.4: Risk Factors in Injury Development from Perspective of 63 Music Teach
ers [27] 

Poor Physical Condition 

Emotional Stress 

Rapid Repetitive Movements 

Poor Posture 

Improper Techniques 

Improper Instrument size 

Too Much Practice 

Not Enough Practice 

57.0% 

83.8% 

75.4% 

88.9% 

98.4% 

44.6% 

69.3% 

44.2% 

their music students. 

Music teachers and athletic coaches have many differences, but there is one differ

ence that stands out among others. Athletic coaches know how injuries happen and 

how to reduce their likelihood. On the other hand, injuries and prevention strategies 

among music teachers are not as well known as they are among athletics coaches [27]. 

Music teachers should be able to recognize different types of injuries and be knowl

edgeable about prevention strategies, since they may face an injured student in their 

class. They have to be able to teach their students proper playing techniques, and 

efficient position to reduce the risk of injury. They also should be prepared to advise 

their injured students with basic principles of injury management and alternative 

practice methods [27]. 

5.4.4.1 Quantification of the Opinions Expressed by Music Teachers on 

the Causes of Playing-related Injuries 

There are 2 available surveys on the opinions of music teachers on injuries among 

musicians [1,27]. In [27], 63 music teachers presented their ideas about the factors 

leading to injury development among musicians. Opinions of music teachers [27] on 

common factors in developing injuries are presented in Table 5.4. 



Table 5.5: Warm-Up and Injury Prevention from Perspective of Music Students. [N is the number of subjects, Nw is 
the number of subjects that warmed up, Xw is the fraction of the subjects (in %) that warmed up. * It is not clear 
how many of students performed warm-up routine. It is indicated that 43.7% of the time, they warm-up prior to 
playing. fThe time frame is between 0-60 minutes.] 

Paper 

Yoshimura [114] 

Yeung [112] 

Shoup [120] 

N 

35 

39 

425 

Gender 

27 female 
8 male 

9 female 
30 male 

276 female 
149 male 

Nw 

NA 

30 

338 

Xw 

43.7%* 

76% 

79.5% 

Type of Warm-Up 

Physiological 

Passive 

NA 

Aerobic Stretching 

3.26 minf 

NA 

5.70% 63.10% 15.50% 

Combined 

Related 
Movement 

17.71 minf 

NA 

24.50% 

Psychological 

Visualization 

2.03 minf 

NA 

NA 

o 
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As shown in Table 5.4, poor physical condition is mentioned as one of the factors 

that may lead to the development of injury. This supports the integrity of the 

developed framework for definition of the warm-up, in particular the requirement for 

aerobic exercise and stretching as two components of the active warm-up. Performing 

these two components of the active warm-up can contribute to the improvement of 

physical conditioning. Moreover, emotional stress is mentioned as another factor that 

may lead to injury. The specific warm-up, which is mentioned as one of the warm-up 

types in the framework previously defined, is composed of related movements and 

visualization. Related movement enhances the nervous system of an individual and 

visualization improves the confidence level. Therefore, these two components of the 

specific warm-up can contribute to reduction in emotional stress. 

A survey of 42 music teachers indicated that they allocate some time in each session 

to talk about the importance of injury prevention []]. Table 5.6 shows the time 

allocated to injury prevention in a 30 minutes session. 

Table 5.6: Time Spent by Music Teachers on Injury Prevention in a Lesson 

Time in minute % of Teachers 

0 - 5 68% 

6 - 10 24% 

11 - 15 3% 

26 - 30 5% 

Table 5.6 confirms the importance of injury prevention from the perspective of mu

sic teachers. It is important to understand injury prevention strategies in order to 

reduce the risk of injury. The risk factors listed in Table 5.4 support the idea that per

forming physiological and psychological warm-up based on the developed framework 

for definition of warm-up may lead to reducing the risk of injury in musicians. 
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5.4.4.2 Injury Prevention Strategies Expressed by Music Teachers 

The literature gives general recommendations on how and when a musician should 

practice or play in order to reduce the risk of injury; e.g., [81,113]: 

• a musician should never practice when his/her hands are cold, 

• a musician should have warm-up and cool-down exercises before and after each 

session, 

• a musician should never play through pain, 

• a musician should never increase the practice time suddenly. 

A survey of 42 music teachers [1] presented a list of prevention strategies. Teachers 

mentioned they are informed about these prevention strategies by talking to each 

other, going to workshops, taking courses, reading books, and in consultation with 

medical practitioners [1]. Table 5.7 shows these prevention strategies. 

As shown in Table 5.7, warm-up is mentioned as one of the factors that can lead 

to injury prevention, but the type of warm-up and the duration of warm-up have not 

been mentioned. Strengthening and flexibility exercise are mentioned as strategies for 

injury prevention. This supports the author's developed framework which includes 

stretching to increase flexibility. In addition, relaxation techniques and stress reduc

tion are also mentioned as two prevention strategies. These fit into the definition of 

the specific warm-up, as included in the developed framework. Cognitive rehearsal 

or visualization, is mentioned as another prevention strategy. Visualization is part 

of the specific warm-up in the developed framework. Using heat is mentioned as a 

prevention strategy and this is a type of passive warm-up in the proposed definition. 

5.4.4.3 Common Treatments Offered by Music Teachers 

Musicians often prefer to treat their injuries by themselves, without going to clinical 

care centers or mentioning their injury to anyone. Unfortunately, they often seek 

professional care when an injury is advanced and is harder to treat and sometimes, 

it takes longer to recover. This ignorance of injury may be due to the pressure of 

employment and the risk of revealing past injuries. 



Table 5.7: Injury Prevention Strategies from Perspective of 42 Music Teachers [1] 

Methods 

Proper Playing Techniques 

Proper Body Mechanisms and Body Postures 

Importance of Warm-UP 

Risk Factors Associated with Overuse Injuries 

Basic Anatomy 

Importance of Strengthening and Conditioning 

Specific Stretching and Flexibility Exercise 

Relaxation Techniques 

Cognitive Rehearsal (Visualization) 

Importance of Taking Breaks 

Awareness of Physical Limitations 

Practicing When Refreshed and Unfatigued 

Use of Heat or Cold for Treatment of Injury/Pain 

Increasing Practice Load Incrementally and Varying Practice Contents 

Massage Techniques 

Stress Reduction 

% of Teachers 

76% 

76% 

64% 

60% 

60% 

57% 

57% 

55% 

55% 

50% 

50% 

50% 

50% 

45% 

40.% 

36% 



64 

Music teachers should try to have a sufficient knowledge of their students to advise 

them on correct warm-up techniques, correct playing techniques, also to encourage 

them to take care of their injuries in early stages. In surveys of 105 music teachers [1, 

27], teachers offered different treatments for injuries. Table 5.8 shows the treatments 

suggested by music teachers. 

As is shown in Table 5.8, longer warm-up is mentioned as one of the treatments 

that music teachers suggest for their students. Stretching, which is one of the active 

warm-up components in the developed framework, is mentioned as another treat

ment strategy. Relaxation techniques are mentioned as another treatment by music 

teachers. Relaxation is achieved by performing specific warm-up, since the specific 

warm-up improves the confidence level. For example, by visualizing playing a piece 

of music before the event, the confident level increases and also the chance of making 

errors reduces. 

Table 5.8: Treatments Offered by 105 Music Teachers 

Paper 

Take a Short Time Off 

Relaxation Techniques 

Stretching 

Longer Warm-Up 

Ice Application 

Heat Application 

Use of Medication 

Redmond and Tienan [ 

59% 

37.5% 

19% 

41% 

16% 

16% 

6% 

] Quarrier [27 

80% 

70% 

71% 

76% 

41% 

26% 

70% 

5.5 Summary 

In this chapter, the author performed a synthesis analysis of the warm-up routines 

used in the disciplines of music and athletics and separated the different types of 

warm-up into categories based on their effects. 
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Even though it might appear that athletes and musicians have little in common, 

there are many similarities in the way in which these two groups prepare themselves 

for performance. The discipline of music does not have a clear definition for warm-up. 

However, after reviewing the scattered information in this discipline and comparing 

it with the systematic framework for the definition of warm-up in the discipline of 

athletics, it is clear that musicians should follow in the footsteps of athletes when it 

comes to warm-up. 

A novel framework fro the definition of warm-up including focused and unfocused 

physiological and focused psychological effects is developed in this chapter. This thesis 

reveals that musicians perform some types of warm-up before performance, although 

these preparations have rarely been quantified. In addition, aerobic exercise is not 

a typical type of warm-up in the discipline of music. Gathered data from the music 

students supports this assertion, since none of students performed aerobic exercise 

in their warm-up. Although it might seem unusual, performing aerobic exercise less 

strenuous than that of athletes, will be of benefit to musicians. For example, the heart 

rate increases after only a few minutes of light walking, leading to an increase in body 

temperature along with the corresponding hormonal and chemical changes provided 

by aerobic warm-up known to reduce the risk of injury and improve the quality of the 

performance. Stretching is the second component of the active warm-up. Musicians 

should apply this stage carefully. They should be careful not to pull muscles forcefully. 

The last stage of the active warm-up is repetition/related movement. This is a very 

important component for musicians, since it helps them to feel confident and reduces 

stress. 



Chapter 6 

Contributions 

6.1 Discussion 

The goal of this study was to investigate effects of warm-up on reducing the risk 

of injury on musicians, especially pianists. There is little available literature in the 

discipline of music that investigates the physiological and psychological effects of the 

warm-up routine on musicians. Before performing extensive, time consuming and 

expensive experiments, the author investigated these effects in another discipline in 

which there is more information available about warm-up as an injury prevention 

strategy. From this a novel framework for definition of warm-up was developed. Spe

cially, the framework for warm-up includes passive, active and specific components. In 

turn, the active component includes aerobic exercise, stretching and repetition/related 

movement. 

This synthesis reveals that musicians already follow a warm-up routine, which ap

proaches that of athletes. The principal difference is that warm-up is not clearly 

organized in the discipline of music. Musicians perform some types of warm-up with

out knowing that they are well-known types of warm-up in athletics. For example, 

musicians perform passive warm-up to increase flexibility, but it is not known or un

derstood to be passive warm-up. However, what musicians do is exactly what athletes 

call passive warm-up. 

More research is required to validate the integrity of the developed framework. 

As has been shown in figure 5.1, there are three types of warm-up routine: passive, 

active and specific. Passive warm-up is usually used as a complementary method 
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to the active warm-up. Active warm-up is composed of three stages: light aerobic 

exercise, stretching and repetition/related movement. Aerobic exercise is not a well-

known component of active warm-up in the discipline of music. However, based on 

its benefits, it has been proposed to be a part of their preparation. Performing light 

aerobic exercise could be beneficial for musicians it triggers hormonal and chemical 

reactions within the body. The proposed aerobic exercise for musicians is different 

from that of athletes in that the intensity and duration of aerobic exercise are lower 

than for athletes. For example, several minutes of walking is considered an aerobic 

exercise provided an increase of body temperature of about 1 °C is achieved. 

Stretching and repetition/related movement are the other two components of the 

proposed active warm-up routine. These two components have long been part of the 

preparation of musicians. Musicians should be educated about stretching techniques 

to reduce the chance of injury. The final component of warm-up is repetition/related 

movement which belongs to both active and specific warm-up. This component has 

physiological and psychological effects on musicians. In this stage, a musician should 

take the required time to feel comfortable with the instrument and the piece of music. 

Specific warm-up is the last type of proposed warm-up and it has two components: 

repetition/related movement and visualization. Visualization helps to improve confi

dence and reduces the risk of injury and is considered an effective type of warm-up 

for musicians. 

6.2 Recommendations 

The gathered information in the discipline of music reveals that participating in 

conferences and workshops helps music teachers to be up-to-date on prevention strate

gies, correct techniques and different injuries. They mentioned [27] that they become 

more knowledgeable through these conferences. Expanding these conferences to in

clude more scientific education in terms of biomechanical knowledge to familiarize 

music teachers with different prevention strategies, such as warm-up is recommended. 

One of the main concerns in the discipline of music is that peers teach each other 

incorrect techniques [24]. Students also may offer each other techniques that have 

been advised by their physiotherapist or their music teachers, but not all techniques 
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work for everybody. Techniques for injury prevention differ, depending on the physical 

condition and injury history of the students involved. 

A mandatory course for young musicians in which they are educated about injury 

prevention strategies, alternative playing techniques in case of an injury, correct pos

ture and playing related injuries and their symptoms is recommended. This could 

help students to recognize injuries in early stages before it becomes a time-consuming 

and economic issue for the musician. For example, Zaza [121] stated that in a sur

vey of 300 Canadian music students, 69% thought that they knew the definition of 

tendinitis, but only 29% were correct. In addition, music teachers should try to have 

a bond with students, so students feel close enough to inform their teacher of early 

signs of injuries. 

In the proposed course for musicians, teaching the power of physiological prepara

tion is necessary. Music students may believe that they do not need to waste their 

time on making their body ready for the performance [91]. It is necessary to educate 

them that a healthy and alert body functions better than a body that is not ready for 

the performance. In addition, the importance of visualization and getting ready to 

perform psychologically, is a topic that should be emphasized in the proposed course. 

6.3 Future Work 

In this research, a framework for the definition of warm-up has been established 

and a synthesis analysis of warm-up in athletes and musicians was performed. The 

framework can now be utilized as the basis of multiple experiments investigating 

effects of warm-up in injury prevention among musicians. Specially, the benefits of 

aerobic exercise should be assessed. The author recommends that a future study be 

designed to compare a group of musicians who perform aerobic exercise to a group of 

musicians who do not perform aerobic exercise. This will help to see the long term 

effects of applying aerobic exercise. Finally, while the beneficial effects of visualization 

have been proven in the discipline of athletes [22] the same cannot yet be said for 

musicians and an experiment similar to [22] is also recommended. 
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