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ABSTRACT 

Background and aims: The achievement and improvement of musical competences 
and technical abilities to reach the highest levels of performance may expose music 
students to a wide range of playing-related musculoskeletal disorders (PRMDs). The 
main aim of the present thesis was to longitudinally identify the factors associated with 
increased risk of PRMD onset among music students enrolled in different pan-
European music institutions. Further goals were to determine the prevalence and 
incidence of PRMDs amongst music students during their training, as well as to 
describe and characterise the study population. 
 
Methods: 850 students from 56 European conservatories and music universities 
completed a web-based questionnaire on lifestyle and physical activity participation 
levels, musical practice habits, behaviours toward prevention, health history and 
PRMDs, as well as psychological distress, perfectionism and fatigue. The onset of 
PRMDs was assessed prospectively at 6 and 12 months.  
 
Results: At baseline, 560 participants (65.0%) self-reported a positive history of MSK 
complaints in the previous 12 months, 408 (48.0%) of whom self-reported PRMDs. 
Self-reported PRMDs were significantly associated with coming from West Europe 
(RRR=4.524; RRR>1), being a first- or a second-year Masters student (RRR=2.747; 
RRR>1), having more years of experience (RRR=1.040; RRR>1) and higher rates of 
perceived exertion after 45 minutes of practice without breaks (RRR=1.044; RRR>1). 
The incidences of PRMD onset at 6 and 12 months were 28.8% and 49.0%, 
respectively. Longitudinally, changes in physical activity level (both increase and 
decrease; 6-month AOR=2.343, 12-month-AOR=2.346; AOR>1), increased levels of 
fatigue (6-month AOR=1.084, 12-month-AOR=1.081; AOR>1) and increased level of 
socially-prescribed perfectionism (6-month AOR=1.102; AOR>1) were significantly 
associated with PRMD onset. The presence of MSK complaints at baseline (6-month 
AOR=0.145, 12-month-AOR=0.441; AOR<1), as well as changes to BMI and to levels 
of psychological distress (12-month AOR=0.663 and 0.914, respectively; AOR<1) 
retarded the onset of PRMDs. 
 
Conclusions: Cross-sectional and longitudinal findings showing high prevalence and 
incidence of PRMDs amongst music students, have been critically appraised as 
potential correlates, determinants and factors in the development of PRMDs. The 
findings offer contextualisation for revisiting contemporary evidence-based preventive 
strategies and optimisation of tailor-made interventions aimed at minimising the 
impact of PRMDs. 
 
 
Keywords: playing-related musculoskeletal disorders, music students, associated 
factors, longitudinal study 
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1.1 Musculoskeletal disorders: a wider perspective 

MSDs is an umbrella term that includes an extensive range of conditions affecting the 

musculoskeletal system of the human body, specifically the muscles, bones, joints 

and associated tissues such as tendons and ligaments, as well as peripheral nerves 

and supporting blood vessels (Ingram and Symmons, 2018; Parson and Symmons, 

2014; Punnett and Wegman, 2004; Yazdi et al., 2019). In addition to clinical diseases 

or syndromes such as tendon inflammation (e.g., tenosynovitis, epicondylitis, 

bursitis), compression neuropathy (e.g., carpal tunnel syndrome - CTS and sciatica), 

joint diseases (e.g., rheumatoid arthritis and osteoarthritis), these conditions include 

also less well specific disorders such as myalgia, low back and neck pain or other 

regional pain not necessarily related to a recognised pathology (Ingram and 

Symmons, 2018; Punnett and Wegman, 2004). MSDs are typically characterised by 

symptoms such as pain, discomfort, numbness, a sensation of stiffness and swelling, 

as well as limitations in mobility, dexterity and functional ability (Briggs et al., 2018). 

Although MSDs are not life-threatening, they significantly affect the psychological 

status of individuals as well as their quality of life (Salaffi et al., 2005; Woolf and 

Akesson, 2007). Indeed, they represent a common concern in the general population 

and the most prevalent cause of serious, long-term pain and physical disability, 

affecting 25% of all adults across European countries (Briggs et al., 2018; Woolf, 

2011; Woolf et al., 2017). Data from the Global Burden of Diseases, Injuries, and Risk 

Factors Study 2019 showed that 1.7 billion adults, whose age varied from 15 to 64 

years old, reported MSDs (Cieza et al., 2021). Although the occurrence of MSDs 

usually increases with age (Jordan et al., 2007), especially in people aged over 45 

years old (Cieza et al., 2021), they are not only present in older age and instead the 

prevalence in the over-65s tends to be lower than in adults younger than 65 years old 

(Cieza et al., 2021). Despite the prevalence fluctuating according to age and the types 

of conditions, MSD represented the condition that contributed the most to the need 

for rehabilitation in 2019, with 149 million years lived with disability (YLDs). YLDs is a 

measure of the burden of non-life-threatening injuries, calculated by multiplying the 

prevalence of a disorder by the estimated short- or long-term health loss resulted from 

that disability (i.e., the disability weight) (Cieza et al., 2021). Additionally, among all 

the MSDs, low back pain was the leading condition, with almost 570 million people 

affected globally and 64 million YLDs (Cieza et al., 2021).  

 

Although not exclusively caused or made worse by work, MSDs represent one of the 

most important causes of occupational disorder and disability in many countries 
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(Cagnie et al., 2017; Punnett and Wegman, 2004; Schultz et al., 2007; Yazdi et al., 

2019). Data from the Labour Force Survey (LFS) conducted in 2013 across the 28 

countries of the European Union (EU) showed that MSDs  accounted for 60% of all 

work-related health problems during the preceding 12 months (see Figure 1.1) (de 

Kok et al., 2019), indicating an increase from the 2007 figure of 54.2%.  

 

Figure 1.1 Percentage of workers reporting a work-related health problem in the past 12 

months in 2013. 

Adapted from Eurostat, Labour Force Survey (LFS) ad hoc module ‘Accidents at work and 
other work-related health problems’ conducted in 2013 (de Kok et al., 2019). 

 

 

Similarly, a 2012 study reported that nearly half of adults in the USA had been suffered 

from MSDs (Weinstein et al., 2016), constituting more than one third of all 

occupational conditions in the USA, the Nordic countries and Japan (Bernard, 1997; 

National Research Council [NRC]/Institute of Medicine [IOM], 2001). In a study 

investigating MSDs in Japan, musculoskeletal pain was reported from over 40% of 

Japanese adults, especially in the neck and shoulder area and the low back (Suka 

and Yoshida, 2005). The latest data from the LFS conducted in Great Britain reported 

that MSDs accounted for 480,000 cases, with a prevalence rate of 1,420 per 100,000 

workers in 2019/20 (Health and Safety Executive, 2020). Consistently with other 

reports and surveys worldwide, almost half of the cases affected the area of the neck 

or the upper limb as well as the back, with 212,000 cases for the first figure and 

176,000 for the latter.  
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Although accurate data on the incidence and prevalence of MSDs and comparisons 

between sources across different countries are often complicated as different 

research questions were posed, it is evident that MSDs represent a serious burden 

for adults worldwide (Briggs et al., 2018), being one of the most important cause of 

sickness absenteeism in Europe (Bevan, 2015), with significant financial cost and a 

negative impact on quality of life and efficiency at work (Bevan, 2015; Meijer et al., 

2005). Despite the increased efforts across the governments of different countries 

worldwide to promote health-related strategies, MSDs still have an enormous cost for 

the affected individuals and families worldwide (Bevan, 2015), as well as for the 

employers and for those who assume the workers’ compensation costs, whether 

these are the individuals, the insurers or the State. According to the LFS of Great 

Britain (Health and Safety Executive, 2020), the total number of working days lost 

because of MSDs in 2019/20 was almost 9 million days. It should be pointed out that 

these statistics include data from 2020, which was characterised by the COVID-19 

pandemic that might have influenced the results regarding the health of workers. 

Nevertheless, in an earlier study commissioned by the UK Government, it has been 

estimated that sickness absenteeism cost about 15 billion pounds a year (Black and 

Frost, 2011). In another report among workers in the UK, the most common reason 

for sickness absenteeism in 2013 was MSDs with 30.6 million days lost due to these 

conditions (Office for National Statistics, 2014). Similar figures were reported also in 

2018, where MSDs was one of the most common reasons for sickness leave among 

UK workforce (Office for National Statistics, 2018). Additionally, an ad hoc analysis of 

the European LFS commissioned by the Directorate-General for Employment, Social 

Affairs and Inclusion in Brussels (Cammarota, 2007) reported an estimated cost for 

sick leaves due to MSDs among workers of 240 billion, accounting for 2% of gross 

domestic product (GDP). In Australia, MSDs are highly prevalent among the working 

populations, with a total cost of more than 24 billion Australian dollars (Safe Work 

Australia, 2015). As in the last century there has been an increase in life expectancy, 

there is an intensified economic need both for individuals and for the society, for 

raising retirement ages and thus prolonging working life (Myck, 2015; Oakman and 

Wells, 2016). However, older workers are more vulnerable to suffering from chronic 

health conditions (Bevan, 2015). Due to the population’s average age continuing to 

rise and given the need to keep ageing workforce healthy and prolific, research 

prevention and treatment of MSDs in the workplace to reduce the burden of this 

disorder is considered one of the healthcare urgent priorities (Woolf and Pfleger, 

2003). Besides the economic and financial impact that MSDs may have on individuals 
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and society, these conditions might have also a significant impact on individuals’ 

health and wellbeing (Graveling, 2019).  

 

The nature of some occupations and different working patterns specific to each 

profession can influence the distribution and severity of MSDs. For instance, both 

experimental evidence and epidemiologic investigations reported that professions 

working in uncomfortable body postures (either dynamic or static) or requiring 

repetitive movements, as well as rapid work pace and insufficient recovery time are 

frequently associated with MSDs (Cote et al., 2008; Huisstede et al., 2008; Korhan 

and Memon, 2019; Punnett, 2014; Punnett and Wegman, 2004; Roquelaure et al., 

2006).  According to the latest findings from the LFS of a three-year average over the 

period 2009/10 and 2011/12 positions (Health and Safety Executive, 2020), the most 

reported factors for the development of MSDs were manual handling and repetitive 

movements required by keyboard work, as well as being in uncomfortable or tiring 

(see Figure 1.2).  

 

 

Figure 1.2 Estimated prevalence rates of self-reported musculoskeletal disorders 

among Great Britain’s workforce in the preceding 12 months. 

Adapted from the 2009/10-2011/12 Labour Force Survey findings (Health and Safety 
Executive, 2020). 

These results are in line with findings from the European Working Conditions Survey 

(EWCS), where it has been showed that jobs requiring unfavourable positions and 

tiring postures, as well as repetitive work and hand-arm vibration are frequently 

associated with MSDs in the back, upper limbs and/or lower limbs (de Kok et al., 2019) 

(see Figure 1.3). 
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Figure 1.3 2005, 2010 and 2015 prevalence rates of workers exposed to different 

physical factors at their work at least a quarter of the time. 

Adapted from the European Working Conditions Survey (EWCS) findings, 2019 (de Kok et al., 
2019). 

 

 

The World Health Organization (WHO) recognises specific disorders of the 

musculoskeletal system resulting in pain and functional impairment as ‘work-related’, 

when the characteristics of some type of occupational activities significantly contribute 

to the development of these conditions (Luttmann et al., 2003). Specifically, work-

related musculoskeletal disorders (WRMSDs) may affect the upper limb due to 

repetitive or long-lasting static exposition to certain occupational activities (Aptel et 

al., 2002), and the lower back, representing the highest burden worldwide amongst 

all MSDs (Cieza et al., 2021), possibly because of lifting or carrying of loads required 

by some types of work (Korhan and Memon, 2019). The term work-related 

musculoskeletal disorders (WRMSDs) implies an association between MSDs and 

occupational exposures (Forde et al., 2002; Punnett, 2014), suggesting that certain 

work activities may be related to the presence of MSDs. Indeed, several investigations 

explored associations between MSDs especially in the back and upper extremities, 

and occupational exposure to repetitive movements, uncomfortable body postures 

among others (Punnett, 2014). A causal relationship between biomechanical and 

psychosocial demands required by certain work activities, and the presence of 

WRMSDs has been mentioned through a systematic review on longitudinal studies 

(da Costa and Vieira, 2010). In addition, many studies demonstrated the work-
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relatedness among mixed occupation samples (Grooten et al., 2011; Hanvold et al., 

2013; Hoogendoorn et al., 2000; Ostergren et al., 2005; Russo et al., 2020; Seidler et 

al., 2003).  

 

Nonetheless, the literature has not always provided consistent conclusions and a 

debate regarding whether the aetiological relationship still exists, possibly due to 

differences in case definitions and in operational definitions (Punnet, 2014). For 

instance, beyond WRMSDs, there are a number of different terms frequently used to 

describe MSDs among different countries worldwide (e.g., Upper Limb Strain Injuries 

or Work-Related Upper Limb Disorders in the UK, Cumulative Trauma Disorders in 

the USA and Occupational Overuse Syndromes in Australia) (Graveling, 2019). 

These terms carry with them assumptions regarding contributory factors that may be 

implicit (i.e., strain, overuse, cumulative trauma) or explicit, as in the case of work-

related, albeit the word ‘related’ does not essentially indicate a causal relationship 

(Graveling, 2019). However, standardised diagnostic criteria are often adopted in a 

heterogeneous way in the literature, probably due to the wide range of symptoms and 

signs reported (Punnett and Wegman, 2004). Conditions that can be identified and 

diagnosed in a more standardised way (e.g., de Quervain’s disease) constitute only 

a small part of all MSDs (Punnett and Wegman, 2004) and even in this case, the 

reliability of the evidence regarding specific conditions is often variable (Marx et al., 

1999). 

 

 

1.2 The context of musicians 

In order to play a musical instrument and achieve high levels of musical and technical 

skills, musicians’ hands and arms must perform hundreds of highly repetitive and fine 

motor movements during long hours of practice sessions each day, applied since 

early childhood in a highly competitive context comparably to the sport world. 

However, in contrast to what happens in athletes, where the combination of a ‘natural 

decline’ in physicality often associated with an accumulation of injuries leads them to 

retire in their thirties or forties, musicians are expected to maintain high levels of 

performance for much longer than other occupational groups or athletes, sometimes 

even up to the age of eighty. For instance, Homer Smith in 1961 about the 

extraordinary skills that are required to a musician, and more specifically to a pianist 

for the difficult repertoire, affirmed: ‘…so without counting the motions of the wrist, 

forearm, shoulder and trunk, or those involved in the use of the pedals, a speed of 20 
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to 30 notes per second may involve 400 to 600 separate motor actions—all effected 

with such automatism that he can give his attention to the over-all effects rather than 

to the mechanical details’ (Fry, 2000, p. 245). Virtually all musical instruments are 

typically played in ergonomically incorrect postures, exposing the muscles of the 

neck, trunk and upper extremities to repetitive work strain, often involving ‘static 

positions of the neck, static and/or dynamic shoulder load, repetitive or static elbow 

work, wrist flexion, and dynamic finger movements’ (Paarup et al., 2011; p. 2).  

 

Regardless the instrument played, professional musicians are mainly graduates of 

music academies and music universities, where they have practiced with 

determination and discipline (Fetter, 1993; Paarup et al., 2011). This usually absorbs 

many thousands of repeated practice hours to learn technical and musical skills and 

to reach the ability to play constantly at the best, maintaining a full control of their 

movements on the musical instrument (Fry, 2000) and integrating music as part of 

their identity and personality (Guptill, 2011). Music education typically starts in music 

schools during childhood as a hobby, and then advances to other well-structured, 

curriculum-oriented educational institutions (e.g., conservatoire, specialised school, 

Musikgymnasium), requiring since the beginning a prolonged and intensive 

preparation, as well as a certain degree of personal and physical predisposition. 

According to The Association Européenne des Conservatoires, Académies de 

Musique et Musikhochschulen (AEC), this specific phase is typically called ‘Pre-

college music education’ and is ‘focused on the preparation of students for the 

entrance examination of higher music education institutions in order to become a 

professional musician’ (Polifonia Pre-college Working Group, 2007, p. 8). The ‘Pre-

college’ level is considered an essential phase to prepare students for the current 

high-quality standards required by higher music education and, more importantly, to 

cope with the ever-increasing competition in the music profession. In many countries 

in Europe and in the UK, Pre-college in music is structured either alongside general 

education in normal secondary-level institutions or through secondary education level 

institutions with a specialisation in music and often affiliated to higher music education 

institutions such as universities or academies (Polifonia Pre-college Working Group, 

2007). In this important phase regarding their future, students might decide whether 

they would like and are able to continue with their studies in order to become a 

professional musician and thus attempting the entrance examination to higher music 

education levels. Since the Bologna Declaration in 1999, which was introduced to 

ensure comparability in the standards and quality of higher-education qualifications 



9 

(Sorbonne Joint Declaration, 1998) and has led to significant changes in all disciplines 

of higher education in Europe and the UK, the structure of higher education has been 

organised mainly in two five-year cycles. The distribution of these years between first 

(i.e., Bachelor of Arts, BA or BMus) and second cycle (i.e., Master of Arts, MA or 

MMus) varies depending on the various contexts and on the regulations of the 

individual country, typically organised in 3+2 years or 4+1 (Polifonia Pre-college 

Working Group, 2007). Sometimes, if the regulations of the individual institution allow 

it, there is also the possibility of adding more flexibility with a master’s curriculum of 

up to 4 years rather than 2 years (Polifonia Pre-college Working Group, 2007). Upon 

completion of higher education training, students might decide to continue their 

studies with another year or more of continuing education programmes and lifelong 

courses or trying to have access to the music profession as a teacher, free-lance 

performer or professional orchestra musician.  

 

Nonetheless, it seems considerably common for musicians to have multiple 

occupations such as teaching, playing in a number of different ensembles and 

performing solo recitals rather than having one main source of income as a full-time 

member of an orchestra (Burland, 2005). This might be because the music profession 

is typically characterised by uncertainty and very high competitiveness (Azar, 2020; 

Sandell et al., 2009; Stanhope and Weinstein, 2021; Stanhope et al., 2020). According 

to Gembris (2004), there can be an average of 200-300 applications for a single 

position in an orchestra. Therefore, the competitive and unstable nature of the musical 

environment might lead to a certain reluctance among musicians to discuss about 

MSDs that might result due to an intensive, prolonged and repetitive practice (Bowie 

et al., 2000; Guptill and Golem, 2008; Pak and Chesky, 2001; Zaza et al., 1998). 

Similarly, musicians are not always keen seeking care from health professionals for 

fear of losing their job or having to stop playing even for a short time due to 

rehabilitation (i Iranzo et al., 2010; Stanhope et al., 2014; Zaza et al., 1998). Indeed, 

when experiencing pain or muscle fatigue, the typical response of musicians is to 

practise even more to remove the irregularities that may result from painful symptoms 

(Brandfonbrener, 2006; Rickert et al., 2014a, b; Sataloff et al., 1991).  

 

According to Brandfonbrener (2006), ‘an injury often is misinterpreted as a reflection 

of their [musicians] inferior talent, and they [musicians] feel guilty about seeking help’ 

(Brandfonbrener, 2006, p. 748). In the highly competitive orchestral culture, having a 

physical complaint is frequently seen as a sign of weakness, shame, failure and poor 



10 

musicianship or inadequacy (Ackermann, 2017, 2018; Bragge et al., 2006; Chan et 

al., 2014a; Chimenti et al., 2013; Guptill, 2011), leading musicians to fear discussing 

about their physical conditions with peers and to have concerns about employability 

(Guptill, 2011). According to a study pertaining to workers’ compensation (Stanhope 

et al., 2020), musicians seem to be reticent to claim for compensations possibly due 

to the instability of musical environment. Indeed, the stigma of MSDs associated with 

playing activity and significantly impairing musicians’ ability, as well as the lack of 

specialised health services, often lead musicians to play regardless pain until they 

can no longer cope with it (Schoeb and Zosso, 2012) or when pain is so debilitating 

that no other choice is left (Ackermann et al., 2012; Ioannou and Altenmüller, 2015; 

Kreutz et al., 2009; Wood, 2014). However, the reluctance to discuss these aspects 

might result in a lack of appreciation in musicians previously unaffected by early signs 

of health complaints, as well as in a potential loss of effectiveness or in a delay in the 

implementation of preventive measures to avoid their development. 

 

Nevertheless, MSDs and health problems do not only occur when entering the 

professional world but are already present at the very beginning of musicians’ 

education. These problems might occur during childhood (Ranelli et al., 2008, 2014) 

but predominantly during their universal training (Brandfonbrener, 2009; Spahn et al., 

2002, 2004; Williamon and Thomson, 2006). A study reported that 25% of music 

students at university level admitted that they had suffered from playing-related 

symptoms, before starting their degree course (Spahn et al., 2004), albeit the way in 

which the playing-relatedness was assessed is not clear (Stanhope et al., 2019a, b). 

Another cross-sectional study indicated that 43% of university-level students 

experienced a health problem related with their activity as musicians during the early 

stages of their education (Zaza, 1992). Brandfonbrener (2009) reported a playing-

related pain prevalence between 84% and 87% among first year music students at 

university level and found that the majority had already suffered from MSDs as Pre-

college students or even younger. Moreover, it has been shown that at least 45% of 

university-level students of music seek help from clinical professionals during their 

training because of health problems (Spahn et al., 2004; Williamon and Thomson, 

2006). In an earlier study among different music schools, the prevalence of playing-

related discomfort was as high as 42% and about half of the students reported the 

following factors associated with their problems: changing in playing time, changing 

the technique, practising exercises, as well as stretching and percussive playing 

(Revak, 1989). Furthermore, it has been shown that music students frequently 
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consider their pain as a ‘normal’ component of the activity of playing music 

(Ackermann and Driscoll, 2013; Arnason et al., 2014) and often continue to play their 

instrument despite experiencing some symptoms (Arnason et al., 2014).  

 

It is probably for this reason that a considerable number of conservatoires and 

academies are finally beginning to develop targeted courses on general health and 

prevention of complaints possibly linked with playing practice. During their 

professional training, music students should learn how to cope with physical and 

psychological demands with the help of preventive measures. The music education 

sector represents the primary channel for the improvement of health awareness and 

the implementation of injury prevention initiatives because it is during their training 

that students start to establish the attitudes, social and cultural values and behaviours 

that will define their professional careers (Chesky et al., 2006). In addition, according 

to Rickert et al. (2015) and Zaza (1992), health behaviours toward prevention might 

be easier to be addressed in the younger generation of musicians who may not 

already have such established habits. Indeed, as students move into the professional 

career, lack of health awareness towards injury prevention might become a significant 

concern (Rickert et al., 2015). 

 

 

1.2.1 Musicians as athletes of the upper body 

Giving the physicality of musicians’ work, musicians can be seen (at least to some 

extent) as athletes of the upper body, performing many hours of continuous and 

repeated physical movements not merely during daily practice but also while 

performing a concert. For instance, in the aria of Händel’s Messiah, the right arm of 

the first cellist is required to move up and down 740 times in just two minutes (Horvath, 

2001). Considering that some classical music pieces last many hours, even up to 

about 5 hours as in the case of Richard Wagner’s Die Meistersinger von Nürnberg, 

and musicians should put constant concentration and effort into them, it seems logical 

that they may experience fatigue and exhaustion (Drinkwater and Klopper, 2010; 

Rickert et al., 2015). For instance, in a study quantifying the physical demands of a 

musical performance and their effects on performance quality, musicians indicated 

that their level of perceived exertion was high, and the quality of performance was 

decreasing with increasing physical stress, possibly indicating fatigue (Drinkwater and 

Klopper, 2010).  
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Normally, the musculoskeletal system and its associated structures are designed to 

support human body movement and posture (Danning, 2019; Walker et al., 2020) and 

have an impressive disposition to adapt to external and internal stressors 

encountered during different day-to-day activities (Wilke et al. 2019). The mechanical 

stimulus due to a physical exposure initiates the remodelling response, which involves 

an optimal balance between the breakage and restoration of tissues (Matava, 2019). 

However, the exposure of the musculoskeletal system to intense or prolonged 

physical exercise, even associated with insufficient recovery periods, may cause the 

impossibility of the remodelling process to take place. For instance, the continuous 

strain and repeated muscular contractions to which the muscles are subjected when 

playing a musical instrument, may lead to reduced local blood circulation and muscle 

tension, along with electrochemical and metabolic imbalances (van Tulder et al., 

2007; Visser and van Dieen, 2006). In such circumstances and for a variety of reason, 

clinical symptoms such as muscle fatigue may occur (Graveling, 2019; Soligard et al., 

2016; Wilke et al., 2019), making the individual incapable to perform due to painful 

symptoms (Bahr, 2009). The severity of these symptoms and the recovery time of the 

muscle usually vary according to the extent and the duration of the exposure (along 

with a number of other complex factors), reflecting a number of physiological 

processes occurring within the muscle and the rest of the body (Graveling, 2019). The 

latter is a protective phenomenon, often disappearing after short periods of rest 

(Winspur, 2003). However, when muscle fatigue is experienced 1-3 days after the end 

of the activity, this could suggest that the muscle or its associated structures (e.g., 

tendons or joints) may be damaged (Winspur, 2003) as a result of ’over-use’, namely 

an accumulation of many repetitive traumas (Matava, 2019). Specifically, the stress 

applied to the muscle (or its associated tissues) is so great that overcomes the 

muscle’s ability to restore itself, leading to a damage (Rodineau and Simon, 1990). 

Generally recognised under the name of ‘overuse injury’, this phenomenon has been 

widely studied in the field of sport and is considered a major health concern among 

athletes (Clarsen et al., 2013; Knobloch et al., 2008; Wilke et al., 2019; Yang et al., 

2012). Some examples are the tennis elbow, swimmer’s shoulder and plantar fasciitis 

(Matava, 2019), as well as the rupture of Achilles tendons in sprinters or the break of 

the external oblique muscle in soccer players (Windspur, 2003).  

 

Nonetheless, unlike acute injuries or accidents that have a noticeable moment of 

occurrence, an overuse injury is not always evident (Pecina and Bojanic, 2003; 

Zwerver, 2015) as it is ‘the results of many repetitive minor insults’ (Yang et al., 2012, 
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p. 198). In addition, it is often characterised by a gradual onset of symptoms (Wilke et 

al., 2019), which usually start with physical fatigue and reduced function until reaching 

significant pain and disability (Shuer and Dietrich, 1997; Smoljanovic et al., 2009; 

Wilder and Sethi, 2004). Therefore, even though the tissues have been already 

damaged due to a continued failure of muscle adaptations, clinical manifestations 

might not immediately appear (Shuer and Dietrich, 1997; Wilke et al., 2019) but only 

when the tissue threshold (i.e., pain threshold) has been exceeded over time (see 

Figure 1.4).  

 

 

Figure 1.4 Hypothetical overview of an athlete’s overuse injury. 

Adapted from Bahr, R. (2009). 

Overuse injuries are mainly seen in low-contact sports requiring monotonous training 

sessions of long duration (Bahr and Maehlum, 2003) or the same movement repeated 

several times (e.g., stress fractures in the metatarsals long-distance runners) (Bahr 

and Maehlum, 2003; Dick et al., 2007; Hootman et al., 2007; Ristolainen et al., 2010). 

It is quite comprehensible that this occurs in athletes, whose sport requires the 

repeated application of substantial loads (corresponding to the weight of the body for 

the speed of the athlete) that can cause mechanical tissue damage (DiFiori et al., 

2014; Paterno et al., 2013; Winspur, 2003).  

 

Nonetheless, far more controversial is the contribution of repeated ‘micro-traumas’ in 

generating ‘micro-injuries’ in individuals performing repetitive tasks with little force 

(Windspur et al., 2003), as in the case of musicians. The term ‘occupational overuse 

syndrome’ (OOS), also known as repetitive strain injury (RSI), was coined in 1994 by 

the National Commission's National Code of Practice for the Prevention of 
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Occupational Overuse Syndrome as ‘a collective term for a range of conditions 

characterised by discomfort or persistent pain in muscles, tendons and other soft 

tissues, with or without physical manifestations. It is usually associated with tasks 

which involve: (a) repetitive or forceful movement or both; and/or (b) maintenance of 

constrained or awkward postures.’ (National Occupational Health and Safety 

Commission [NOHSC], 1994), 1994; p. 4). Similarly to other occupational groups, 

musicians experience MSDs that may be attributed to static loading, extremely 

repetitive light loading on joints and muscles, or cumulative trauma required by their 

occupation (Fry, 1986a, b, c; Sataloff et al., 2010). Overuse syndrome was adopted 

for the first time in the music field by Hunter J. H. Fry (1986a, b, c), who developed 

an ascending pattern of symptoms, in which pain could range from minor to severe, 

leading to a consequent inability to pursue professional activities and thus the 

interruption of the daily practice routine (Amadio and Russotti, 1990; Fry, 1986a). 

According to Fry (2000; p. 246) ‘overuse is a term used to indicate that the natural 

tolerances of the tissues of the particular individual have been exceeded by use 

resulting in some degree of damage’. This means that the muscles and ligaments 

have been overused and forced beyond certain tolerances (the natural cycles of 

degeneration/regeneration) by long and continuous repetitive movements (Dawson, 

1990; Fry, 1986b; Lederman and Calabrese, 1986). More recently, Rickert and 

colleagues concluded that the majority of complaints among musicians seems to be 

associated with cumulative and micro traumas due to an overuse of body tissues 

(Rickert et al., 2014a) that are probably damaged too faster than the body has time to 

repair them (Dawson, 1999).  

 

 

1.2.2 Historical background 

The birth of performing arts medicine as a speciality field dates back to 1713, when 

the Italian physician Bernardino Ramazzini described for the first time musicians’ 

health problems in his De Morbis Artificum Diatriba - Diseases of Workers (Bejjani et 

al., 1996; Harman, 1993; Ramazzini, [1713] 1964; Sataloff et al., 2010). Chapter thirty-

eight is entirely dedicated to musicians and describes cases of breathing diseases 

(i.e., bleeding lungs) in singers and health problems among flutists and those who 

‘play pipes’, as well as hernia among trumpet players (Ramazzini, [1713] 1964). 

Furthermore, in his Essay on the True Art of Playing Keyboard Instruments first 

published in 1753, Carl Philipp Emanuel Bach considers potential risks of contraction 

of the left-hand muscles due to the continuous and repetitive strain in the bass line, 
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stiffness and fatigue during prolonged periods with the same anatomical unfavourable 

position (Bennett, 2008). Afterwards, sporadic interest in the field continued 

throughout the eighteenth and nineteenth centuries.  

 

With the advent of romantic era toward the end of the 18th century, society was 

significantly affected by special technological developments as a result of the 

Industrial Revolution (Fry, 2000). In particular, the functionality of musical instruments’ 

mechanical keys was considerably improved to produce or redesign instruments with 

a greater dynamic range, volume and a better intonation (Fry, 2000). For example, 

Böhm changed the position of keyholes in the flute, expanded the finger holes and 

designed keys to be open rather than closed (Baines, 1991). In addition, also the 

weight of the moving parts of the piano and the resulting force required to press keys 

increased. In addition, music in the nineteenth and twentieth century is generally 

‘louder’ than Baroque and requires larger orchestra as well as the use of greater force 

to play (Zaza, 1995). Therefore, music compositions underwent drastic changes and 

became progressively more challenging and difficult to play (Fry, 1986b, 2000). Thus, 

new playing techniques emerged in response to this demand. Specifically, piano 

technique did indeed grow significantly in this period and the compositions of that 

period required greater force and resistance in the fingers (Fry, 2000) due to the 

heavier mechanical action of the new instrument. In particular, the Russian romantic 

piano literature required excellent technical demands that were more suited to the 

new piano derived from iron frame technology. However, in order to train the fingers 

and to generate a greater force, pianists were required to spend several hours 

practising some fingers’ exercises (Fry, 2000). Unfortunately, in the same period, the 

term ‘pianists’ cramp’ became common to describe health problems of pianists 

resulted from misuse and overuse of the fingers (Fry, 2000). Other early reports of 

health problems associated with overuse among musicians include ‘cor anglais 

player's thumb’, ‘cymbal player's shoulder’, ‘horn player's palsy’ (Bird, 1989; Ziporyn, 

1984), as well as reed ‘makers’ elbow’ (Dawson, 1986) and ‘spoon player’s 

(O'Donoghue and Holmes, 1984).  

 

Thus, towards the end of 1800s musicians’ health problems appeared more 

extensively in the medical and artistic literature (Bianchi, 1878; de Watteville, 1885; 

Gowers, 1888; Graham, 1888; Haward, 1887; Poore, 1887). Overall, musicians’ 

health problems were reported in 21 books and 54 journals between 1830 and 1910 

(Fry, 1986b). In 1887, George Vivian Poore published the first large study on ‘pianist’s 
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breakdown’ (i.e., cramps of pianists), followed by a similar study on violinists (Wolff, 

1890) and cornetists (Turner, 1893). Poore recognised the overwhelming impact that 

these conditions may have on musicians, despite the pathophysiological state: ‘When 

I use the word ‘minor,’ please remember that they are minor only to our eye, and in a 

pathological sense; they are often of maximum importance to the sufferer, who 

possibly sees his livelihood in jeopardy, because his hand has forgotten its cunning.’ 

(Poore, 1887, p. 441). Probably one of the most famous historical examples of 

musicians’ cramps was the intermittent task-specific impairment of Schumann’s right 

second and third fingers that forced him to give up prematurely his career as concert 

pianist (Henson and Urich, 1978; Zaza, 1995). This complaint has been later identified 

as a neurological disorder, a focal dystonia (Altenmüller, 2005). Nevertheless, it was 

not until 1932 that the first large publication on musicians’ health problems was 

published: the English translation of the German neurologist Kurt Singers’ Diseases 

of the Music Profession: A Systematic Presentation of Their Causes, Symptoms and 

Methods of Treatment (Singer, 1932). 

 

After World War II, health professionals and musicians began to cooperate more 

closely as cases of musicians affected by health problems became more frequent. 

However, the general public was still unaware of the growths of the new field of 

Performing Arts Medicine, which was reaching the first great success: the Danube 

Symposium on Neurology held in Vienna in 1972. The congress focused mainly on 

music field and led to the publication of Music and the Brain: Studies in the Neurology 

of Music, by MacDonald Critchley and R.A. Henson in 1977 (Crtichley and Henson, 

1977; Harman, 1998).  

 

Nevertheless, there was a period of relative few publications on the field throughout 

the next years, until two well-known pianists, Leon Fleisher and Gary Graffmann, 

publicly admitted to suffer from a hand injury in the early 1980s. Fleisher was a 

classical pianist who developed a neurological disorder, a loss of fine motor control in 

his right hand in the 1960s, later diagnosed as focal dystonia (Brandfonbrener and 

Lederman, 2002).Throughout the 1980s, due to his illness, Fleisher started to perform 

and record musical works for the left hand alone. Only after many years of 

rehabilitation, he finally recovered and regained his ability to perform with both hands 

(Fleisher and Midgette, 2011). However, it was only when the famous concert pianist 

Gary Graffman declared to a reporter of New York Times to suffer from focal dystonia 

since 1967 that this disorder was recognised as a concern among the performing arts 
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community (Dunning, 1981). Both Fleisher and Graffman were diagnosed and treated 

at the Massachusetts General Hospital (Rothstein, 1983), where the first American 

Performing Arts Medicine clinic was founded. With these two prominent pianists 

openly reporting their experience with their injury, a number of other musicians felt 

finally encouraged to talk about their disorders (Wynn Parry, 2004). In addition, also 

the medical community became finally aware of musicians’ illnesses and physical 

demands of playing a musical instrument and were encouraged to expand and 

disseminate treatment strategies to provide useful care for musicians.  

 

Large-scale surveys and conferences have proliferated throughout the years 

(Fishbein et al., 1988; Wynn Parry, 2000), with the publication of over 400 new articles 

in the 1980s (Harman, 1998), as well as increasing number of conferences and the 

establishment of societies on performing arts medicine around the world 

(Dommerholt, 2009). For instance, the Medical Problems of Musicians and Dancers 

Symposium, in collaboration with the Aspen Music Festival, in Aspen, Colorado was 

organised in 1983. The conference became in the subsequent years an annual 

meeting with a view to sharing new knowledge in this field, by means of lectures by 

health practitioners and masterclasses held by musicians and dancers. In the 

meanwhile, there was a growing interest in prevention educating programmes and 

professional organisations promoting prevention of health problems during the 1980s. 

These were the Performing Arts Medicine Society in Australia in 1983, the British 

Performing Arts Medicine Trust in the United Kingdom in 1984, the Performing Arts 

Medicine Association (PAMA) founded in 1989 in the United States; the International 

Society for the Study of Tension in Performance (ISSTIP) in England in 1987; MedArt 

International in 1992 and the International Arts Medicine Association (IAMA) founded 

in 1985; the Canadian Foundation for Health in the Arts in 1992, as well as the 

Médecine des Arts in France founded in 1991 and the Deutsche Gesellschaft für 

Musikphysiologie und Musikermedizin in 1994 (Harman, 1998; Zaza, 1995). Similar 

organisations and associations are also found now in New Zealand, the Netherlands 

(i.e., the Dutch Performing Arts Medicine Association in the Netherlands, 2005), 

Austria, Italy and Switzerland.  

 

Furthermore, the first edition of Medical Problems of Performing Artists (MPPA) 

Journal was launched in 1986. A considerable body of knowledge began to be 

developed in this field with more medical practitioners becoming aware of musicians’ 

health problems. Additionally, Gary Graffman also contributed to the knowledge of the 
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field by writing an article for the first MPPA named ‘Doctor, can you lend an ear?’ 

(Graffman, 1986). With the creation of a journal specifically focused on performing 

artists’ health problems, relevant information on more appropriate terminology and on 

health care for musicians started to become more accurate and many publications 

proliferated between the last years of the eighties and the first years of the nineties 

(Bird, 1989; Caldron et al., 1986; Cilliet, 1990; Ejden-Besseling et al., 1993; Fry, 

1986a, b, 1987, 1988a, b, 1993; Goodman and Staz, 1989; Greer and Panush, 1994; 

Hartsell and Tata, 1991; Hiner et al., 1987; Hochberg et al., 1983; Hoppmann and 

Patrone, 1989; Larsson et al., 1993; Lockwood, 1988; Newmark and Hochberg, 1987; 

Newmark and Lederman, 1987; Pratt et al., 1992; Revak, 1989; Roach et al., 1994; 

Zaza, 1992). In the same period, the Textbook of Performing Arts Medicine, edited by 

Robert Sataloff, Alice Brandfonbrener and Richard Lederman, was published (Sataloff 

et al., 1991). This book, whose forward was written by Graffman, is considered the 

first modern, comprehensive text of the field of performing arts medicine. In the twenty 

years between the first edition and third edition, the textbook has changed 

considerably. If the first edition contained fifteen chapters, the third edition was 

expanded to twenty chapters, including amongst others Neurological Problems of 

Performing Artists, The Instrumentalist's Arm and Hand - Surgery and Rehabilitation, 

Therapeutic Management of the Injured Musician and Psychiatric Issues and 

Performing Artists.  

 

While literature grew and conferences continued, new clinics for musicians and 

associations for research and education were established in many countries, such as 

Canada, the United States, Australia, Italy, Spain, Germany, United Kingdom and 

other European countries (Watson, 2009; Zaza, 1995) to examine treatment 

strategies and various ergonomic aspects of playing an instrument (Zaza, 1998). 

Many surveys on musicians’ health started to proliferate in the last years of the 1990s. 

For instance, in the period 1997-2001, Dawson found 1366 publications in the field of 

performing arts medicine, 972 of which (71.2%) were focused on musicians (Dawson, 

2003), whereas in the next five years highlighted 1438 publications (70.8%) on 

musicians out of 8412 papers including music and dance medicine (Dawson, 2007). 

These investigations were mainly conducted among professional orchestra musicians 

(Abréu-Ramos and Micheo, 2007; Črnivec, 2004; Engquist et al., 2004; Furuya et al., 

2006; Guptill et al., 2000; Heming, 2004; Kaneko et al., 2005; Roach et al., 1994; 

Sakai, 2002; Zaza, 1998), as well as high school and university-level students (Blackie 

et al., 1999; Brown, 1997; Burkholder and Brandfonbrener, 2004; Guptill et al., 2000; 
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Heming, 2004; Kaneko et al., 2005; Roach et al., 1994; Shields and Dockrell, 2000; 

Shoup, 1995; Spahn et al., 2001, 2002, 2004; Yoshimura et al., 2006; Zaza, 1992; 

Zaza and Farewell, 1997; Zaza et al., 1998; Zetterberg et al., 1998), and many other 

groups of musicians (Bischof, 1994; Dawson, 1990, 1999, 2001; Fjellman-Wiklund 

and Chesky, 2006; Harman, 1993; Knishkowy and Lederman, 1986; Lederman, 1994; 

Newmark and Salmon, 1990; Potter and Jones, 1993; Raeburn, 1987a, b; Rosset-

Llobet et al., 2000).  

 

 

1.3 Epidemiology of MSDs among musicians 

Based on clinical examinations and physical assessments during musicians’ visit to 

the clinics as well as self-reported data, a range of specific and non-specific conditions 

were identified over the years. MSDs and overuse syndrome represented the majority 

of these conditions (Zaza, 1995), followed by entrapment and peripheral 

neuropathies, such as carpal tunnel syndrome, and neurological disorders, such as 

focal dystonia (Brandfonbrener, 2000; Hochberg et al., 1983; Lederman, 1994; 

Tubiana and Chamagne, 2000; Zaza, 1995). The first large-scale study investigating 

health problems of orchestral musicians was published in 1988 (Fishbein et al., 1988; 

Middlestadt and Fishbein, 1988) and involved 2212 professional musicians from 47 

of the 48 orchestras of the International Conference of Symphony and Opera 

Musicians (ICSOM). Results showed a very high prevalence of musculoskeletal and 

medical problems (82%), in particular those affecting their ability to play and perform 

(76%) (Fishbein et al., 1988). In an earlier study conducted by Caldron et al. (1986), 

57% of the 250 musicians participating in a survey reported MSDs and 37% had to 

seek medical assistance. Moreover, an assessment of 1000 musicians with upper-

limb symptoms examined in an orthopaedic clinic in the USA revealed that non-

specific disorders of the musculoskeletal system were common among musicians 

(Dawson, 1995). Indeed, approximately half of the musicians visiting the clinic was 

diagnosed with a specific condition (i.e., arthritis-related and nerve entrapment 

syndrome), while the other half reported a non-specific disorder (Dawson, 1995). 

Moreover, in a sample of 672 musicians attending a specialised clinic for musicians, 

about 70% experienced MSDs (Lederman, 1994). Similarly, according to Lederman 

(2003), in a sample of 1353 musicians evaluated in a medical centre for performing 

artists, 65% suffered from MSDs, 20% had a peripheral nerve problem and about 8% 

a focal dystonia or an occupational cramp. Furthermore, according to a survey 

conducted in 1997 on 57 orchestras around the world, 56% of the musicians involved 



20 

in the study reported pain during the previous year and 19% reported such severe 

pain that they could no longer perform (James, 2000).   

 

One of the first specialised clinics for musicians in the UK was the Musicians’ Clinic 

at the Royal Free Hospital in London, funded by the consultant pharmacologist Ian 

James, who created the Elmdon Trust to promote research into this field. The Trust 

later became the British Performing Arts Medicine Trust and is now called the British 

Association for Performing Arts Medicine (BAPAM). One of the founding members of 

the BAPAM and consultant in several specialist clinics for musicians for 40 years, the 

rheumatologist Christopher Berkeley Wynn Parry, reported a detailed analysis he 

developed on 1046 musicians personally examined at these clinics (Wynn Parry, 

2004). For the majority of musicians visiting the clinics (52%), symptoms were vague 

and general (See Figure 1.5). 

 

 

Figure 1.5 (a) A total of 1046 musicians seen at the clinics of the British Association for 

Performing Arts Medicine (BAPAM), including 507 (48%) with specific medical 

diagnoses and 539 (52%) with non-specific musculoskeletal disorders (MSDs) (b) The 

list of specific medical diagnoses (n=507). 

Adapted from Wynn Parry, 2004. 

MSDs, Musculoskeletal disorders. 

 

 

Despite the multitude of adverse MSD symptoms that musicians experienced, the 

greatest challenge in the field of performing arts medicine was that for the majority of 
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MSDs among musicians, no specific diagnosis could be found, and complaints were 

frequently labelled as non-specific (Dawson, 2007; Tubiana and Chamagne, 2000; 

Wynn Parry, 2004). This might be the reason why the term overuse has been used 

(especially in the end of the eighties), sometimes improperly (White et al., 2003; 

Winspur, 2003), to cover many symptoms and complaints.  

 

According to the first systematic review on MSDs among musicians (Zaza, 1998), the 

prevalence ranged from 39% to 87% among professional adult musicians and 

between 34% and 62% among secondary school music students. In this systematic 

review, however, the total number of included studies was too small, and outcomes’ 

definitions varied among the studies, thus no conclusions could be drawn (Zaza, 

1998). This finding was in line with more recent systematic reviews that found 

widespread methodological concerns (Baadjou et al., 2016; Jacukowicz, 2016; Kok 

et al., 2016b; Rotter et al., 2020; Vervainioti and Alexopoulos, 2015), especially for 

what concerns the objectivity, reliability and validity of the research measures (Rotter 

et al., 2020). Similarly, an earlier systematic review on the prevalence and risk factors 

of MSDs among pianists (Bragge et al., 2006) reported a wide variability between the 

definitions, significant methodological limitations, such as sampling/measurement 

biases, and inadequate reporting of the reliability of outcome measures. In addition, it 

is plausible that any conflict amongst the findings in the literature could be attributed 

also to restricted sample sizes, which were frequently found within studies in the 

literature (Baadjou et al., 2016; Kok et al., 2016b; Rotter et al., 2020).  

 

According to the most recent systematic review on prevalence, risk factors and clinical 

treatments of MSDs among musicians (Rotter et al., 2020), study designs, 

terminology pertaining to the conditions, or the definitions used to identify outcome 

parameters investigated within the literature as well as types of prevalence (inter alia 

lifetime prevalence vs point prevalence vs 12-month prevalence) were too 

heterogeneous. This limited the comparison between studies and thus rendered 

impossible to draw conclusions on prevalence rates and risk factors among musicians 

(Rotter et al., 2020; Stanhope et al., 2019b). Furthermore, no conclusions could be 

drawn regarding differences in prevalence across subgroups, such as gender, 

specific musical instrument and age (Rotter et al., 2020). Similarly, Kok et al. (2016b) 

found a wide variability in the outcome measures and in the terminology adopted for 

the conditions assessed throughout the literature. For instance, the point prevalence 

of musculoskeletal complaints among professionals and music academy students 
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oscillated between 9 and 68%, 12-month prevalence between 41 to 93%, and lifetime 

prevalence between 62 and 93% (Kok et al., 2016b).  

 

Overall, in all systematic and non-systematic reviews conducted from 1998 to 2020 

(Baadjou et al., 2016; Bragge et al., 2006; Jacukowicz, 2016; Kok et al., 2016b; Rotter 

et al., 2020; Stanhope et al., 2019b; Zaza, 1998), it is often recommended to use the 

same terminology, a clear case definition and a specific outcome of interest that may 

allow data comparison, as well as validated and consistent research measures 

amongst large samples. However, despite these recommendations, many issues 

remain unresolved (Rotter et al., 2020) and indeed, the terminology in the performing 

arts medicine literature is still heterogeneous and vague (Rotter et al., 2020; Stanhope 

et al., 2019a). For instance, definitions among the performing arts medicine literature 

have been varying from ‘troubles (pain, ache or discomfort)’ in Paarup et al. (2011) to 

‘pain […], which prevented attendance from work for at least 1 day’ (Leaver et al., 

2011).   

 

Nonetheless, it should be considered that these reviews include studies on musicians 

published until 2017 and, according to my knowledge, 13 new studies assessing the 

prevalence and/or associated factors of MSDs among adult musicians (both 

professionals and students) were published in English in peer-reviewed journals from 

2017 until December 2020 but unfortunately, the situation has not changed. In relation 

to the definitions and the descriptors adopted to assess musculoskeletal conditions 

among the new studies, a wide heterogeneity was still found (see Table 1.1) and 

sometimes the descriptors were not even used consistently within the various 

sections of the studies (Kaufman-Cohen et al., 2018; Vastamaki et al., 2020; Viljamaa 

et al., 2017). Similar examples were found in earlier studies, such as Kaufman-Cohen 

and Ratzon (2011), Khalsa and Cope (2006) and Khalsa et al. (2009).  
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Table 1.1 Characteristics of studies (not included in previous systematic and non-systematic reviews) on prevalence and/or associated 

factors of MSDs among adult professional musicians or music students from 2017 to 2020. 

Author (year) Design Population type 
Sample n 
(women/men)  
mean age (range) 

Descriptors Outcome measures 

Ahlberg et al. 
(2019) 

Cross-sectional Professional orchestra 
musicians - Finland 

488 (233/255) 
43.4 f; 47.7 m (n.a.) 

Oro-facial pain Self-administered questionnaire 
(non-validated) 

      
Ballenberger et al. 
(2018) 

Prospective 
cohort  

University-level music 
students vs university-level 
students - Germany 

33 vs 30 controls 
(35/28) 
22.4 (n.a.) 

MHC Battery of validated 
questionnaires + physical 
assessment 

      
Cruder et al. 
(2020)  

Cross-sectional University-level music 
students - multicentre 
(Europe) 

850 (522/325/other:3) 
22 (18-48) 

PRMDs Battery of validated 
questionnaires  

      
Ioannou et al. 
(2018) 

Retrospective NOT CLEAR (no inclusion 
criteria)  
Results: University students 
who visited the IMMM clinic 
– Germany  

186 (88/98) 
23.5 (n.a.) 

PRP Database of the clinic. 
Not clear the assessment of 
PRP symptoms after the clinic 
visit 

      
Kaufman-Cohen 
et al. (2018) 

Cross-sectional  University-level music 
students (piano) - Israel 

15 (6/9) 
21.7 (19-27) 

MSK 
symptoms/ 
MSDs 

Validated questionnaire + self-
administered questionnaire 
(non-validated) + physical 
assessment   

      
Kenny et al. 
(2018) 

Cross-sectional  Professional orchestra 
musicians - Australia 

379 (195/184) 
42 (18-68) 

Physical and 
psychological 
health 

Battery of validated 
questionnaires  

      
Ling et al. (2018) Cross-sectional  University-level music 

students (piano) - Malaysia 
192 (n.a.)  
(n.a) 18-27 

PRMDs Self-administered questionnaire 
(non-validated) 

Matei and 
Ginsborg (2020) 

Cross-sectional  Undergraduate and 
postgraduate students - UK 

111 (64/47) 
22 (18-31) 

Pain/PRMDs Battery of questionnaires 
(selection of single items, non-
validated) 
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Shanoff et al. 
(2019) 

Cross-sectional  Professional musicians and 
university-level students 
(saxophone) - Canada 

109 (53/56) 
n.a. (18-60) 

PRMDs Adapted questionnaire validated 
(changes were made so that the 
survey could be saxophone 
specific instead of orchestral 
specific and to add a section on 
posture) - no appendix  

      
Silva et al. (2018) Case-control Professional musicians and 

university-level students - 
Tennessee (USA)  

36 and 36 controls 
(24/12)  
cases: 23.28 (n.a.);  
controls: 25.03 (n.a.)  

PRMSDs Self-administered questionnaire 
(non-validated) 

      
Steemers et al. 
(2020) 

Cross-sectional  University-level music 
students (Bachelor) - The 
Netherlands 

89 (54/35)  
21.3 (n.a.) 

PRMDs Battery of questionnaires 
(selection of single items, non-
validated) + validated 
questionnaire  

      
Vastamäki et al. 
(2020) 

Cross-sectional  Professional orchestra 
musicians vs workforce - 
Finland 

345 (110/235) and 
5956 controls 
(3023/2933)  
43.8 (30–65);  
controls: 46.3 (30–65)  

MSK 
pain/MSDs 

Self-administered questionnaire 
(non-validated) 

      
Viljamaa et al. 
(2017) 

Cross-sectional  Professional musicians - 
Finland 

361 (182/179) 
45 (n.a.) 

MSK 
symptoms/ 
MSDs 

Self-administered questionnaire 
(non-validated) 

IMMM, Institute of Music Physiology and Musicians’ Medicine; MHC, Musculoskeletal health complaint; MSK, Musculoskeletal; MSDs, Musculoskeletal 
disorders; PRMDs, Playing-related musculoskeletal disorders; PRMSDs, Playing-related musculoskeletal disorders; PRP, Playing-related pain; n.a., 
Not available. 
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In the systematic review of Rotter and colleagues (2020), the authors concluded that 

most studies included presented significant methodological concerns, although in 

their systematic review, Kok and colleagues recommended to develop research 

studies with higher level of methodological quality (Kok et al., 2016b). When 

considering the 13 more recent studies found in the literature, many researchers used 

questionnaires not validated or adapted versions of validated questionnaires, without 

mentioning the changes (Ahlberg et al., 2019; Kaufman-Cohen et al., 2018; Ling et 

al., 2018; Shanoff et al., 2019; Silva et al., 2018; Vastamaki et al., 2020; Viljamaa et 

al., 2017).  

 

In addition, consistently with Stanhope and colleagues (2019a), a substantial range 

of incongruities between the assessed conditions and the research measures used, 

was found. For instance, only some items from different questionnaires (although 

validated) were extrapolated in two studies (Matei and Ginsborg, 2020; Steemers et 

al., 2020) or pain has been improperly assessed with the well-known ‘Short Form 

Health Survey SF-36’ (Matei and Ginsborg, 2020), which is usually used to measure 

health-related quality of life (Lins and Carvalho, 2016). In the retrospective study of 

Ioannou et al. (2018), data pertaining to diagnosis, treatment, location of injury were 

retrieved from the database of the clinic and the outcome measures (if any), or the 

clinical assessment adopted to assess symptoms were not clearly described. In 

addition, the level of professionalism of patients (i.e., professionals or music students 

older than 18 years old) was not clear and the inclusion criteria were not reported. 

However, in the results’ section, the authors stated: ‘university students who visited 

the IMMM clinic’, implying that participants were university-level music students. 

Moreover, Ballenberger et al. (2018) claimed to assess the prevalence and incidence 

of musculoskeletal health complaints (abbreviated in MHC) albeit using a 

questionnaire developed by Berque et al. (2016), who uses the term playing-related 

musculoskeletal problems (PRMPs) rather than MHC. Furthermore, consistently with 

previous systematic and non-systematic reviews (Kok et al., 2016b; Rotter et al., 

2020; Stanhope et al., 2019a, b), with indicators such as ‘playing-related’ or 

‘performance-related’, the relationship between the musical activity and the condition 

was not always clear (Ioannou et al., 2018; Matei and Ginsborg, 2020; Shanoff et al., 

2019). Unfortunately, an inaccurate reporting of the research measures adopted for 

data collection or a heterogeneous use of descriptors and terminology amongst the 

studies might lead to ambiguity and confusion, as well as to the impossibility of 
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comparing findings and synthesising results regarding prevalence rates and risk 

factors throughout the literature. 

 

Furthermore, among the performing arts medicine literature, there is some 

disagreement in the prevalence of MSDs by anatomical location. Several cross-

sectional studies on musicians’ health reported the neck and shoulders as well as the 

back as being the most frequently affected regions (Cruder et al., 2018; Kaufman-

Cohen and Ratzon, 2011; Kochem and Silva, 2018; Paarup et al., 2011, 2012; 

Robitaille et al., 2018; Stanek et al., 2017; Steinmetz et al., 2015). In a recent study 

among music students from different U.S. college music programmes (Stanek et al., 

2017), the most frequently affected locations overall were both upper and low back, 

fingers, left shoulder and throat. Approximately 75% of students reported that pain 

affected their ability to play or to sing, with approximately 40% of those with pain 

experiencing a certain degree of disability. On the other hand, a systematic review 

has reported the neck and shoulders as being the most affected anatomic regions 

amongst musicians (Kok et al., 2016b), with left and right sides of the body influenced 

similarly. However, heterogeneity of reporting conditions had nevertheless hindered 

comparisons amongst the latter data. It is plausible that this heterogeneity in the 

reporting of musicians’ MSDs may be attributed to the use of different outcome 

measures (Kok et al., 2016b; Rotter et al., 2020) to assess the location of MSDs, even 

though the Nordic Musculoskeletal Questionnaire (NMQ) remains the most commonly 

used questionnaire in the relevant literature (Stanhope et al., 2019a), as previously 

affirmed. The extent of variability between musculoskeletal-affected anatomical 

regions included within the literature, is illustrated by reports recording from four (i.e., 

neck, one or both shoulders, fingers) up to 32 locations (Kok et al., 2016b), which 

inevitably limits generalisations and meaningful comparisons. In addition, 

heterogeneity in the reporting of MSDs may also hamper the characterisation of the 

interactions with clinical features and their association with treatment outcomes. In 

order to allow data comparisons and further discussion on the literature, it is important 

to find strategies to establish validated and reliable collection of research measures 

to assess MSDs among musicians in relation to their musical activity, whilst avoiding 

a large variation of future results.  

 

 

 

1.3.1 Associated factors for MSDs among musicians 



27 

The aetiology of MSDs among musicians and in other occupational groups is difficult 

to establish (Graveling, 2019; Punnett, 2014; Punnett and Wegman, 2004) because 

symptoms might develop or become more exacerbated due to a multitude of factors, 

not necessarily related to the occupation (Graveling, 2019). Besides the demands 

required by the occupation, other aspects of daily life, such as sports and housework, 

may expose individuals to some amount of stress for the musculoskeletal system 

(Punnett and Wegman, 2004) that could result in functional impairment and pain. The 

entity of these conditions and symptoms depends on the personal characteristics and 

the functional demands of each individual and involves a complex interplay between 

biological, psychological, and social factors (Heerkens et al., 2017). However, there 

is a certain degree of variability in individual vulnerability and personal characteristics 

(Forde et al., 2002; Graveling, 2019; Punnett, 2014). For instance, some individuals 

are more vulnerable than others do develop adverse symptoms (Graveling, 2019; 

Punnett, 2014), potentially associated with disability and quality of life. As MSDs 

among musicians arise from the interaction of a wide array of factors significantly 

contributing to their onset, a wide range of characteristics should be examined, also 

considering the emotional, physical, financial, occupational and social impact that 

these disorders might have on musicians’ life (Zaza and Farewell, 1997). The 

identification of these characteristics may help in the development of effective 

strategies to protect musicians from further damage and to prevent MSDs among 

other musicians with similar characteristics. 

 

Nevertheless, there is neither sufficient scientific evidence regarding risk factors nor 

the basis on which clinical prevention of MSDs among musicians can be developed 

(Baadjou et al. 2016; Berque et al. 2016; Rickert et al. 2015). The heterogeneity of 

methods and terminology in the literature alluded to within the previous section, limited 

the comparison between studies and thus rendered impossible to draw conclusions 

on risk factors that may contribute to the development of MSDs among musicians 

(Baadjou et al., 2016; Rotter et al., 2020; Stanhope et al., 2019b). Additionally, due to 

a lack of longitudinal studies, currently available literature is capable of only offering 

a limited appraisal of possible relationships between the activity of musicians and the 

development of MSDs (Berque et al., 2016; Kok et al., 2016b; Rotter et al., 2020; 

Stanhope et al., 2019a, b). Among the 13 new studies identified in the literature in the 

period 2017-2020 (see previous Section 1.3, Table 1.1) and not included in the most 

recent systematic review on risk factors of MSDs among musicians (Rotter et al., 

2020), only one prospective cohort study (Ballenberger et al., 2018) was found. 
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However, the sample size of 33 music students and 30 non-music control students 

might limit the possibility of drawing definitive conclusions from the results.  

 

Available studies in the literature are predominantly cross-sectional, often based on a 

retrospective design and terms such as ‘prognostic factors’ or ‘predictors’ are 

inappropriately used to indicate associations (Baadjou et al., 2016; Berque et al., 

2016; Rotter et al., 2020). In fact, cross-sectional studies cannot be considered 

appropriate to research risk factors (Baadjou et al., 2016). In the interpretation of 

associations from cross-sectional studies, the direction of cause and effect it is 

extremely difficult to establish (Croft et al., 2001), because the presence of risk factors 

and the occurrence of an outcome (i.e., MSDs) are assessed simultaneously. As 

such, an effective way in which to accumulate information on MSDs and on relevant 

candidate determinants would be to conduct longitudinal studies, whilst using 

consistent terminology, a clear case definition and a specific outcome of interest that 

may allow data comparison, as well as validated and consistent research measures 

(Baadjou et al., 2016; Kok et al., 2016b; Rotter et al., 2020; Stanhope et al., 2019a).  

 

As MSDs are supposed to be multifactorial, a sophisticated array of outcomes is 

required in order to investigate a combination of factors that might be associated with 

increased risk of MSDs’ development. However, for the development of further 

longitudinal studies, it is worthwhile to analyse the factors that have been already 

studied in the literature, albeit predominantly using a cross-sectional design, to 

corroborate evidence from previous cross-sectional studies, while exploring other 

factors not investigated yet. Due to the complexity of factors involved in the 

development of MSDs among musicians, it is crucial to analyse them within 

conceptual and methodological frameworks for understanding and predicting MSDs 

in this population to further formulate more effective interventions. One such 

framework, which may be applied to understanding risk factors of MSDs in musicians 

(Guptill, 2008), is the International Classification of Functioning, Disability and Health 

(ICF), developed by the World Health Organisation (WHO) (2002). It offers an 

effective exemplification (see Figure 1.6) of functioning in all areas of daily life, such 

as body function and structure, activity and participation, also considering, however, 

the external and personal factors that might be associated with MSDs (Heerkens et 

al., 2017; WHO, 2002). The value of this framework in the context of musicians could 

be considered in the impact that MSDs could have on their musical activity (i.e., 
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participation limitation in rehearsals and in performance, as well its consequences on 

musicians’ lives).  

 

 

Figure 1.6 Conceptual framework of the International Classification of Functioning, 

Disability and Health (ICF) (WHO, 2002). 

 

 

The health condition, which includes any disorder, disease, complaint, injury or 

trauma, as well as other conditions such as stress or ageing (Duijnisveld et al., 2013), 

might involve any problem in body functions, such as muscle weakness, pain or 

fatigue and severe deviation or damage to body structures, respectively (WHO, 2002). 

The extent of these impairments and conditions on body functions and structures, as 

well as their impact on different activities (i.e., activity limitations) or on the 

involvement of a person in daily situations (i.e., participation restrictions) might be 

influenced by contextual factors, including personal and external factors (WHO, 

2002). Internal personal factors consist of the personal background of an individual’s 

life and living situation. They include among others gender, age, education, 

occupation, previous and current experience, lifestyle, habits, as well as personality 

and other factors influencing the experience of the individual with a condition (WHO, 

2002), whereas external factors are external to the individual and refer for example, 

to the context and environment in which individuals are requested to work/study or 

live. 

 

 

 Personal factors for MSDs among musicians 

Among the personal factors investigated among the literature, gender has been 

frequently explored as being potentially associated with the presence of MSDs in 
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several cross-sectional and case-control studies (Abréu-Ramos and Micheo, 2007; 

Amorim and Jorge, 2016; Davies and Mangion, 2002; Fjellman-Wiklund et al., 2003; 

Kaneko et al., 2005; Kaufman-Cohen and Ratzon, 2011; Kenny and Ackermann, 

2015; Kochem and Silva, 2018; Kok et al., 2015; Leaver et al., 2011; Liljeholm 

Johansson and Theorell, 2003; Miller et al., 2002; Nyman et al., 2007; Paarup et al., 

2011; Roach et al., 1994; Steinmetz et al., 2015; Zaza and Farewell, 1997). However, 

although a positive association between women and the presence of MSDs was found 

in the literature (Davies and Mangion, 2002; Kenny and Ackermann, 2015; Kok et al., 

2015; Roach et al., 1994; Steinmetz et al., 2015; Kaufman-Cohen and Ratzon, 2011; 

Leaver et al., 2011; Liljeholm Johansson and Theorell, 2003; Paarup et al., 2011), 

cross-sectional studies including both univariate and multivariate regression analyses 

often reported positive correlations only in univariate analysis (Leaver et al., 2011; 

Liljeholm Johansson and Theorell, 2003; Steinmetz et al., 2015). Nevertheless, in 

contrast to these studies, a cross-sectional study conducted among professional 

orchestra violinists using logistic regression analysis (Kochem and Silva, 2018) 

revealed that women musicians were more likely to report symptoms in the neck, 

thoracic area, right elbow, and right wrist/hand, as well as more disability in 

comparison with men. However, as this study was focused only on professional 

violinists, it is difficult to establish whether these results could be extended to all 

musicians playing different instruments. In relation to the matter, two cross-sectional 

studies and one case-control study have shown that females and string players were 

more likely to report MSDs (Davies and Mangion, 2002; Paarup et al., 2011; Zaza and 

Farewell, 1997), suggesting that the type of instrument played (i.e., strings) rather 

than gender is the most important factor in the relationship between gender and the 

presence of MSDs (Baadjou et al., 2016). Therefore, consistently with recent 

systematic reviews (Baadjou et al., 2016; Rotter et al., 2020), no conclusions can be 

drawn regarding gender as determinant for MSDs among musicians.  

 

Another personal factor that has been frequently considered in relation to the 

presence of MSDs is age, possibly due to the consequences of longstanding years of 

experience and the plausible cumulative impact on joints, muscles and tendons of the 

upper limb (Brandfonbrener, 2009). It is plausible that long-term and intensive musical 

practices, concurrent with advancing of age might put musicians more at risk for 

accelerating a natural degeneration of joints and tissues (Brandfonbrener, 2009). 

Various cross-sectional studies showed that age and years of professional playing 

were significantly correlated with the presence of MSDs (Berque et al., 2016; Fotiadis 
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et al., 2013; Kenny and Ackermann, 2015). Similarly, Črnivec (2004) reported that 

older musicians with more years of musical experience had a higher level of moderate 

and severe physical impairment and a more established restricted ability to perform, 

whereas Kochem and Silva (2018) revealed that older professional orchestra violin 

players were more likely to report higher scores of arm, shoulder and hand disability.  

 

Despite these results, many conflicting findings can be found in the literature and 

therefore no conclusion could be drawn (Baadjou et al., 2016; Rotter et al, 2020). For 

instance, in other cross-sectional studies including both univariate and multivariate 

regression analyses, age was significantly related with pain only in univariate 

analyses (Leaver et al., 2011; Steinmetz et al., 2015) but this trend seemed to 

disappear in cross-sectional studies including multivariate analyses (Leaver et al., 

2011; Miller et al., 2002; Nyman et al., 2007; Paarup et al., 2011; Steinmetz et al., 

2015). On the other hand, previous cross-sectional and case-control studies reported 

a potentially protective effect of having more years of experience (Davies and 

Mangion, 2002; Sandell et al., 2009; Yeung et al., 1999; Zaza and Farewell, 1997) 

and ageing (Amorim and Jorge, 2016; Heikkilä et al., 2012). Similarly, in a cross-

sectional study among professional musicians in Australia, age was not statistically 

associated with frequency or severity of playing-related musculoskeletal disorders 

(PRMDs), ratings of perceived exertion and disability scores (Kenny et al., 2018), 

corroborating once again the impossibility to draw any conclusion on the relationship 

between age and MSDs.   

 

Furthermore, the anthropometric characteristics of musicians playing some 

instruments and thus the incompatibility between the musician’s body and some 

musical instruments (e.g., a tiny and short person trying to play a full-size double bass) 

might have an influence on the onset of MSDs (Rosset-Llobet, 2017) and an impact 

on the level of musician’s function (Ackermann and Adams, 2004). Since musicians 

usually start playing at an early age, their anthropometrics and physical 

characteristics are very often adapted to the instrument (Ackermann and Adams, 

2003) and to the nature of repeated tasks involved in many years of thoughtful 

practice from the earliest years of life. In an early study on hands’ biomechanics, 

Wagner correctly pointed out that ‘instrumental training should be based on 

knowledge about the actual manual preconditions of the individual. To this end, an 

examination at the very beginning of training is recommended. It is hoped that such a 

strategy would also contribute to the prevention of some occupational diseases to 
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which musicians are prone’ (Wagner, 1988, p. 174). As physical size and 

anthropometric characteristics might limit movements and the range of motion, 

individual physical characteristics should be considered when directing pupils’ first 

approach to the instrument since there might be variations in the physical constitutions 

of players, potentially contributing to difficulties in playing certain instruments 

(Quarrier, 1993). For instance, in a cross-sectional study among violinists (Ackermann 

and Adams, 2003), musicians with relatively shorter arms were found potentially at 

risk for developing problems, suggesting an association between MSDs and the 

physical dimensions of the arms. Likewise, in a cross-sectional study investigating the 

presence of generalised deep tissue pressure hyperalgesia in professional pianists 

with neck pain, the reporting of smaller hand size was significantly correlated with the 

presence of insidious neck pain (Linari-Melfi et al., 2011). In pianists, having smaller 

size of hands could be crucial and create difficulties when playing difficult repertoire 

with wide-hand techniques (i.e., octaves or chords) (Sakai, 1992). Similarly, 

Yoshimura et al. (2006) found that finger joint mobility, especially 3-4 span, was a 

factor associated with increased risk of pain among a sample of college pianists, 

whereas Kaufman-Cohen and colleagues (2018) found a statistically significant 

correlation between the presence of MSDs and hand span.  

 

Additionally, many previous studies investigated hypermobility and its association with 

the presence of MSDs and symptoms among musicians (Brandfonbrener, 2000; 

Brandfonbrener and Lederman, 2002; Larsson et al., 1993; Paarup et al., 2012; Zaza 

and Farewell, 1997; Zetterberg et al., 1998) but in most cases no significant 

associations were found (Miller et al., 2002; Paarup et al., 2012; Zaza and Farewell, 

1997; Zetterberg et al., 1998). Indeed, according to a systematic review (Baadjou et 

al., 2016), although anthropometric and physical characteristics such as hand span, 

tendon irregularities and hypermobility have been considered among the literature, 

definitive results and consistent conclusions cannot be offered (Kaufman-Cohen and 

Ratzon, 2011; Leaver et al., 2011; Yeung et al., 1999). Corroborating this finding, 

Ballenberger and colleagues (2018) found no correlation between hypermobility and 

musculoskeletal health complaints among music students in their prospective cohort 

study.  

 

In addition to anthropometric factors that cannot be modified by interventions aimed 

at improving physical qualities, weight and thus the body mass index (BMI) are 

modifiable factors that could be related with the presence or development of MSDs in 
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musicians, as happens in the general working population (Viester et al., 2013). 

Nevertheless, cross-sectional studies investigating the association between BMI and 

MSDs among musicians found no statistically significant correlations among these 

variables (Baadjou et al., 2015; Kaufman-Cohen and Ratzon, 2011; Steinmetz et al., 

2016), except for Kochem and Silva (2018), who found that violinists with a BMI higher 

than 25 kg/m2 were more likely to have experienced left-hand pain in the past 12 

months.  

 

Furthermore, it can be hypothesised that other personal factors associated with 

lifestyle, such as physical activity, might play a role in the prevention of MSDs 

(Baadjou et al., 2015; Taylor and Wasley, 2004; Warburton et al., 2006; Wynn Parry, 

2004) because ‘being fit as a musician will imply having the necessary endurance, 

strength, and coordination to function effectively on a specific musical instrument’ 

(Taylor and Wasley, 2004, pp. 166-167). Physical activity and regular exercise 

participation enhances fitness and therefore reduces cardiovascular (e.g., heart rate 

and blood pressure) and cortisol response to both physical and psychological 

stressors (Taylor and Wasley, 2004), effectively helping in the prevention and in the 

reduction of the risk of chronic diseases and premature deaths (Lewis et al., 2019; 

Warburton et al., 2006). Regular physical activity might be fundamental for both 

primary and secondary prevention of MSDs, significantly contributing to strengthen 

muscles, improve health bones and joint stability, as well as reducing the risk (i.e., 

primary prevention) of MSDs and their impact (i.e., secondary prevention) on 

individuals’ health (Alves et al., 2016; Tustin et al., 2021). Many studies investigated 

a potential association between physical activity and the prevention of 

musculoskeletal complaints. For instance, studies among navy (Morken et al., 2007) 

and police officers (Heneweer et al., 2012) indicated that high levels of physical 

condition were correlated with a lower incidence of MSDs. However, in a cross-

sectional study conducted with the aim of exploring associations between distinct 

levels of physical activity in terms of intensity (i.e., moderate and vigorous) and the 

presence of musculoskeletal complaints in a sample of music students in the 

Netherlands (Baadjou et al., 2015), physical activity was not significantly different 

among participants involved in moderate-or vigorous-intensity physical activity and 

there was no association between physical activity and musculoskeletal complaints. 

This finding was in line with earlier studies showing not statistically relevant 

differences in the prevalence of MSDs and symptoms between participants involved 

in regular physical exercise and those who were not (Brandfonbrener, 2009; Fotiadis 
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et al., 2013; Heikkilä et al., 2012; Kaufman-Cohen and Ratzon, 2011; Kenny and 

Ackermann, 2015; Lamontagne and Bélanger, 2015; Papandreou and Vervainioti, 

2010). Similarly, a recent cross-sectional study conducted among university-level 

students in the UK reported no statistically significant association between physical 

activity and PRMDs (Matei and Ginsborg, 2020). A possible explanation for the lack 

of association between physical activity and the presence of MSDs could be that the 

aforementioned studies focused on the engagement of musicians in generic physical 

activity, which may not provide the necessary and specifically support to the playing 

activity and to the imbalances involved in muscle groups (Kenny and Ackermann, 

2015). Indeed, tailored exercise programmes among academy music students and 

professionals were shown to have positive effects on musculature’s strength as well 

as in the reduction of PRMDs’ rates and ratings of perceived exertion (Ackermann et 

al., 2002; Kava et al., 2010; de Greef et al., 2003; Chan et al., 2014a; 2014b), 

suggesting a potential association between perceived exertion and PRMDs.  

 

Other lifestyle health-related factors that have been investigated among the literature 

because they might be associated with MSDs among musicians were sleep and 

smoking, as well as perceived health status and quality of life. In relation to the former, 

a recent cross-sectional study on professional musicians in Finland found significant 

associations between oro-facial pain and disrupted sleep, as well as between pain 

reports and sleep bruxism (Ahlberg et al., 2019). The findings of this study were 

consistent with earlier studies reporting statistically significant associations between 

sleep disturbances and TMDs (Heikkilä et al., 2012), as well as between sleep and 

incapacitating pain (Kaneko et al., 2005) in professional orchestra musicians. As 

regards smoking, Kaufman-Cohen and Ratzon (2011) found statistically significant 

associations between smoking and MSDs, while Leaver et al. (2011) reported a little 

relation between this variable and pain. However, as these results pertain to cross-

sectional studies, it should be reiterated once again that these results cannot be 

considered conclusive in terms of causal associations and cannot be corroborated 

with results from longitudinal prospective studies.  

 

Additionally, in relation to the perceived health status and quality of life, Davies and 

Mangion (2002), reported a positive association between poor health and more 

musculoskeletal symptoms in the previous 12 months in a sample of professional 

musicians in Sidney. Similar results were obtained by Steemers et al. (2020), who 

revealed that students with MSDs reported lower scores on self-rated health in 
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comparison with students without MSDs. In another cross-sectional study conducted 

amongst university-level music students, Baadjou et al. (2015) reported positive 

associations between higher rates of pain intensity with more disability and a lower 

quality of mental and physical life. While these aspects are important to consider, 

evidence is still scarce concerning perceived health and quality of life in relation to 

MSDs. Further research should be conducted, especially in relation to the 

consequences of complaints (i.e., disability) for playing ability and perceived health 

status or quality of both physical and mental life (Baadjou et al., 2015). 

 

In relation to the latter, physical and psychological demands to which musicians are 

exposed are high. Playing a musical instrument at high levels requires having the 

optimal neuromuscular control to sustain long hours of repetitive work, often 

associated with psychological demands due to the highly competitive environment 

(Sousa et al., 2016) and the fact that musicians have to perform efficiently and 

effectively with an excellent preparation and a deep awareness of audiences’ 

expectations (Kenny, 2011; Wynn Parry, 2004). Several studies revealed that there 

were positive associations between the presence of MSDs and psychological 

stressors (i.e., anxiety and stress, depression and perfectionism) (Amorim and Jorge, 

2016; Berque et al., 2016; Davies and Mangion, 2002; Guptill and Zaza, 2010; Kaneko 

et al., 2005; Kenny, 2011; Kenny and Ackermann, 2015; Steinmetz et al., 2015). 

These findings were corroborated by results from the first prospective cohort study on 

risk factors for musculoskeletal health complaints (MHCs) conducted among music 

academy students in Germany, reporting stress symptoms and reduced emotional 

functioning as being important risk factors (Ballenberger et al., 2018). Zamorano et 

al. (2015) found that musicians with chronic pain reported higher rates of depression 

and anxiety in comparison with musicians and non-musicians without pain, 

suggesting the potential role of anxiety as triggering factor for the development of pain 

symptoms. Although the latter cross-sectional study does not allow conclusion about 

causal effects of psychological distress on chronic pain, people with these symptoms 

often tend to catastrophise, experiencing anxiety and depression, with a constant co-

occurrence of the central nervous system sensitisation, which may influence pain 

persistence and participation in various work and leisure activities (Kamper et al., 

2014; Koes et al., 2006). Additionally, it has been demonstrated that obsessed 

perfectionism and catastrophising appear to be associated with the development of 

non-specific work-related upper limb disorders in other working populations (van 

Eijsden-Besseling et al., 2004, 2010). However, in the performing arts medicine 
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literature this aspect should be explored further because there is no evidence of 

associations between musicians' degree of perfectionism and MSDs. It could be 

assumed that the need for perfection might result in increased practice time, with more 

tension in the muscle structures and thus a subsequent increased risk to developing 

MSDs.  

 

Although psychosocial factors seem to be more likely involved in the persistence and 

impact of disorders (Balague et al., 2012), biomechanical factors are particularly 

linked to the development of MSDs (Ramond-Roquin et al., 2015; van der Molen et 

al., 2017). Playing many hours of continuous and repetitive practice, sometimes in in 

challenging and ergonomically unfavourable anatomical body positions may lead 

musicians to experience muscle fatigue, perceived exertion and muscle tension, 

which have been suggested to be related with pain and MSDs in the performing arts 

medicine literature (Ackermann et al., 2012, 2014; Ballenberger et al., 2018; Berque 

and Gray, 2002; Bragge et al., 2008; Chan et al., 2014a; Davies and Mangion, 2002; 

McCrary et al., 2016; Rickert et al., 2012). For instance, previous studies 

demonstrated a reduction in activity levels of the upper trapezius in violinists and 

violists reporting neck and shoulder pain (Berque and Gray, 2002; McCrary et al., 

2016), with a consequent compensatory intensification of the synergistic muscles 

(pectoralis major, biceps brachii, anterior deltoid) (Mcrary et al., 2016), presumably 

leading to the development or intensification of overuse injuries and MSDs (Hodges 

and Tucker, 2011; Murray and Peck, 2007; Nijs et al., 2012). Indeed, alterations in 

muscle activation patterns become even more distinct in the comparison between 

patients with pain and healthy controls (Möller et al., 2018). Notwithstanding a 

relatively limited amount of studies pertaining to the characteristics and changes in 

muscle activation patterns among musicians with and without pain (Berque and Gray, 

2002; McCrary et al., 2016; Park et al., 2012), previous studies have shown that 

changes in central fatigue often precede objective alterations in the level of muscle 

activity and are likely to appear after prolonged practice (Chan et al., 2000), with highly 

repetitive movements, awkward postures and maladaptive movement patterns 

(Ackermann et al., 2012; Guptill, 2012; Paarup et al., 2011; Raymond et al., 2012).  

 

In relation to the latter, many of the factors that contribute to MSDs among musicians 

are related to personal playing habits and practice behaviours. Several studies 

reported the duration of exposure and hours of practice (Abréu-Ramos and Micheo, 

2007; Ackermann and Adams, 2003, 2004; Fotiadis et al., 2013; Kaufman-Cohen and 



37 

Ratzon, 2011; Kochem and Silva, 2018; Miller et al., 2002; Papandreou and 

Vervainioti, 2010) characterised by repetitive movements (Guptill and Zaza, 2010) 

and technically difficult repertoire (Brandfonbrener, 2000; Guptill and Zaza, 2010), as 

well as improper practice behaviours such as insufficient warm-up or preparatory 

exercises before practice (Guptill and Zaza, 2010; Kaufman-Cohen and Ratzon, 

2011) as being important risk factors for MSDs among both professionals and 

academy music students. However, regarding physical warm-up without the 

instrument, current evidence offers yet again conflicting results with cross-sectional 

studies reporting no associations with MSDs in multivariate analysis (Davies and 

Mangion, 2002; Leaver et al., 2011) and others finding a relationship between warm-

up and severity of symptoms (Kaufman-Cohen and Ratzon, 2011). Interestingly, in 

the case-control study by Zaza and Farewell (1997), musical warm-up was protective 

for first episodes of PRMDs, but not in predicting risk for recurrence. Likewise, taking 

breaks during practice sessions did not predict first-episode PRMD risk, but was 

protective of a recurrent PRMD.  

 

Lastly, amongst studies that include perceived factors attributed by the musicians 

themselves as being the causes of their condition, poor practice habits, including long 

hours of practice and heavy playing loads, insufficient rest breaks (Ackermann and 

Adams, 2003; Ackermann et al., 2011, 2012) and insufficient warm-up habits 

(Ackermann et al., 2012; Shanoff et al., 2019), instrument set-up and inadequate 

individual technique habits (Ackermann et al., 2012; Shanoff et al., 2019) along with 

excess perceived muscle tension and muscle fatigue, poor posture and stress 

(Ackermann et al., 2011, 2012; Bragge et al., 2008; Shanoff et al., 2019) or a 

combination of these factors (Ackermann et al., 2011) were frequently self-reported.  

 External factors for MSDs among musicians 

The external (i.e., extrinsic) factors include all the factors that result from the external 

environment and are not dependent on the individual’s behaviours or personal 

characteristics. For instance, the exposure to playing activities and thus to distinct 

playing position that are required in order to play a specific instrument seem to be 

related to MSDs among musicians (Kochem and Silva, 2018). The posture required 

by most musical instruments usually used in classical environment is unnatural and 

uncomfortable, often requiring high levels of muscle activation to support the musical 

instrument and musicians’ bodies that might lead to stress of musculoskeletal 

structures and consequent muscular fatigue or excessive muscular tension 

(Brandfonbrener, 2000; Chan et al., 2014a). Indeed, depending on the instrument 
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played, musicians are exposed to static and prolonged use of the neck and shoulders 

as well as a repetitive use of the joints of the upper limb, or a combination of both. In 

addition, posture plays a crucial role in breathing processes, potentially influencing 

the volume and the quality of sound generated by woodwind and brass players 

(Ackermann and Driscoll, 2010; Quarrier and Stenback, 2002). In a cross-sectional 

study on skilled flutists, Ackermann and colleagues (2011) reported that 90% of 

musicians perceived the posture adopted while playing as being the cause of their 

PRMDs’ symptoms. Similarly, another cross-sectional study showed that professional 

musicians self-reported non-physiologic postures (i.e., isometric tension of the 

affected muscles) while playing and protracted sitting positions during rehearsals and 

concerts as being their main perceived cause of MSDs (Črnivec, 2004). 

 

Nevertheless, different studies reported biomechanical risk factors being associated 

with playing different musical instrument (Kaufman-Cohen and Ratzon, 2011; Leaver 

et al., 2011; Nyman et al., 2007) but used different biomechanical risk factors and 

therefore, no consistent results could be drawn from the literature (Rotter et al., 2020). 

This is possibly due to restricted sample sizes among studies in the literature that led 

to the impossibility to conduct instrument-specific analyses and the adoption of 

different modalities of instrument classifications. 

 

Among the evidence on professional orchestra musicians using the ‘standard’ 

classification of instruments according to the ‘instrument families of upper (i.e., violin 

and viola) and lower (i.e., cello and double bass) strings, woodwinds (i.e., flute, 

clarinet, oboe and bassoon), brass (i.e., French horn, trumpet, trombone and tuba) 

and percussionists, many studies indicated an association between some instruments 

and MSDs, albeit reporting slight conflicting results and varying numbers of musicians 

in each instrument category. Kaufman-Cohen and Ratzon (2011) reported that 

biomechanical factors, perceived physical environment factors, as well as the weight 

of the instrument were significant predictors of MSDs, with string players self-reporting 

higher scores than other instrumentalists (i.e., woodwinds and brass players). 

However, it should be reiterated once again that cross-sectional studies cannot offer 

conclusive information on conditions’ predictors. Other studies on professional 

orchestra musicians showed that string players experience more symptoms than 

other instrumentalists, with rates of MSDs ranging between 65% and 88% (Črnivec, 

2004; Davies and Mangion, 2002; Paarup et al., 2011; Rensing et al., 2018). Similarly, 

Fotiadis et al. (2013) found that strings, percussion, harp and piano were the most 
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vulnerable groups to experiencing MSDs. The percentage of symptoms reported by 

Brandfonbrener (2009) was very high, varying from 61% for voice students to 100% 

of percussionists. However, consistently with previous cross-sectional studies (Abréu-

Ramos and Micheo, 2007; Paarup et al., 2011), there was an unequal distribution for 

each instrument group, with only 7 percussionists participating vs 101 singers 

(Brandfonbrener, 2009) that limited the significance of the 100% prevalence. Despite 

this, the latter study was in line with another study by Wristen and Fountain (2013), 

indicating that voice category was the group reporting the lowest average pain rates 

in comparison with strings, woodwinds and brass players.  

 

Furthermore, many studies found a certain tendency to report pain in distinct 

anatomical areas according to the instrument played, suggesting an association 

between the physical demands required by the instrument and the location of 

occurring symptoms. This is possible due to the fact that the process of designing 

musical instruments has rarely considered musicians’ bodies and their ergonomic 

requirements, with the consequent adaptation by the musician and not vice versa 

(Ackermann et al., 2011). However, among the performing medicine literature, there 

is some disagreement in the prevalence of MSDs by anatomical position in relation to 

the instrument played, which hinders the synthesis of results (Cruder et al., 2021a, b). 

Results of the cross-sectional study conducted by Leaver et al. (2011) indicated that 

location and severity of pain were mainly associated with instrument type, with higher 

levels of pain in the shoulders, elbows and wrists/hands among strings in comparison 

with brass players and higher levels of neck and wrist/hand pain among woodwinds 

in comparison with strings. Conversely, notwithstanding a scarce association between 

instruments groups and the anatomical distribution of symptoms, Paarup et al. (2011) 

revealed that woodwinds were likely to report less symptoms in the neck and 

shoulders as well as in the back if compared with upper strings, whereas low strings 

tended to experience more pain in the neck and upper back and brass players 

reported higher prevalence in the left hand and wrist. Sousa and colleagues (2016) 

showed that upper string players reported more symptoms in the neck, shoulders as 

well as in the lumbar region, whereas cello players reported more symptoms in the 

neck and low back. Despite the low number of woodwinds and brass players, the 

tendency for flutists was to experience pain symptoms in the left shoulder as well as 

in the neck, whereas among trombone players lumbar pain was the most common 

area affected by pain (Sousa et al., 2016). Fotiadis et al. (2013) found a higher 

prevalence of shoulder and jawbone pain among strings and statistically significant 
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differences in the wrists/hands among woodwind players and percussionists, as well 

as in the jaw area of brass players. Similarly, Steinmetz and colleagues (2015) 

revealed a statistically significant association between higher levels of pain in the jaw 

for brass players and a lower prevalence of right elbow pain and right fingers in this 

group when compared with the other instrument categories. Lower string and 

woodwind players reported statistically lower rates of pain in the left shoulder and left 

wrist. Additionally, Berque and colleagues (2016) found that string players reported 

more problems in the upper limbs, with the upper string players reporting problems 

also in the neck, whereas woodwind players experienced pain mainly in the right 

upper limb, the upper back as well as the mouth, and the neck, lower back and left 

shoulder were the most affected areas among brass players. However, contrasting 

results were reported by other cross-sectional studies with no statistically significant 

associations in univariate or multivariate analyses between MSDs and instruments’ 

categories (Heikkilä et al., 2012; Kenny and Ackermann, 2015; Kok et al., 2013a; 

Lamontagne and Bélanger, 2015; Steinmetz et al., 2015). The heterogeneity of results 

pertaining to different instruments and the location of musicians’ complaints, however, 

limits the comparison and hinders any possibility to draw conclusion on this aspect.   

 

To complicate even further the matter, other cross-sectional studies used another 

criterion related to body symmetry and asymmetry while playing the instrument rather 

than the aforementioned ‘standard’ classification in relation to the presence of MSDs, 

albeit reporting again conflicting results. 

 

This classification was based on the rationale that many instruments such as the flute 

and guitar or the violin and viola require musicians to adopt asymmetric playing 

positions (Wahlström-Edling and Fjellman-Wiklund, 2009), involving a rotation of the 

head and neck or their lower back in combination with highly repetitive movements of 

the arms and fingers performed with rapidity and precision (Nyman et al., 2007; 

Wahlström-Edling and Fjellman-Wiklund, 2009). The cross-sectional study conducted 

by Wahlström-Edling and Fjellman-Wiklund (2009) on music teachers revealed that 

those playing musical instruments with an asymmetric playing position had 

significantly more MSDs in comparison with music teachers playing symmetrically. 

However, these findings were conflicting with another cross-sectional study that found 

no statistically significant variation among groups of musicians playing instruments 

requiring asymmetric, symmetric playing positions and singers, despite the high 

prevalence of pain, which was equally distributed among the groups (Cruder et al., 
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2018). Indeed, albeit that some instruments such as the clarinet and piano require 

more symmetric postures, a static and repetitive load on the arms and the cervical 

area is still indispensable in order to play these instruments (Cruder et al., 2018; 

Paarup et al., 2011). 

 

In addition to symmetric/asymmetric playing positions, a further complication regards 

the use of a different approach in dividing playing instruments’ categories pertaining 

to the arm elevation while playing, which increases the intramuscular tension, 

potentially hindering a correct blood circulation in the neck and shoulders area 

(Nyman et al., 2007; Palmerud et al., 2000). Specifically, Nyman and colleagues 

focused on the elevation of the arm while playing (i.e., ≥40° abduction and/or ≥ 40° 

forward flexion) as a risk factor for musculoskeletal pain in the neck and shoulders. 

Indeed, although some biomechanical load factors could be considered similar among 

musical instruments, the degree of arm elevation while playing and the consequent 

time of static work might vary significantly. Within the literature, a higher prevalence 

of neck and shoulder pain was found among upper strings, which require the elevation 

of the arms while playing (Davies and Mangion, 2002; Hagberg et al., 2005; Paarup 

et al., 2011; Rensing et al., 2018).  

 

Nonetheless, as both symmetrical/asymmetrical playing position and elevation of the 

arms were considered equally important in the analysis of biomechanical factors for 

MSDs among musicians, Kok et al. (2017) adapted the criteria of classification used 

by Nyman and colleagues (2007) since in the original study the 

symmetrical/asymmetrical playing position was not contemplated. Specifically, the 

authors maintained the original ≥40° of elevation but included another criterion 

consisting in the asymmetrical elevation on the left or right side. The resulted 

categories in the Kok and colleagues’ study were four: elevated 2-sided (i.e., playing 

musical instruments with both arms elevated), elevated left (i.e., playing musical 

instruments with the left arm elevated), elevated right (i.e., playing musical 

instruments with the right arm elevated), neutral (i.e., playing musical instruments 

without the elevation of the arms). However, the overall prevalence of complaints in 

the upper limb and in the neck was significantly associated with arm position only for 

musicians playing an instrument with the left arm elevated, who reported higher 

prevalence of complaints in the left shoulder.  
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Further studies involving large, instrument-specific populations or consensus 

classification would facilitate further understanding of biomechanical factors among 

musicians. As such, unlike many occupations involve consistent job tasks (e.g., 

cashiers and assembly line workers), the demands required while playing instruments 

are highly variable. Leaving aside the diversity between instruments and different 

biomechanical factors involved, quantifying the repetitiveness or force required while 

playing is very complex since very slow passages with sustained long notes 

significantly differ from fast movements of sonatas or concertos involving more 

virtuosity and rapidity. In addition, musicians often play in different environments 

requiring variable psychological demands. Therefore, the force and repetition, as well 

as the physical or psychological factors involved cannot be always generalised during 

playing activity and therefore exposure would result difficult to measure in musicians. 

 

Furthermore, the ‘control’ over intensity of practice time, repertoire, busy schedules 

and study programmes is often very low among musicians (Ackermann and Adams, 

2004; Ackermann et al., 2011; Davies and Mangion, 2002; Fry, 1987; Manchester and 

Flieder, 1991; Newmark and Lederman, 1987; Zaza and Farewell, 1997). In relation 

to the latter, among the performing arts medicine literature, being a musician was 

considered significantly associated with MSDs (Ábreu-Ramos and Ratzon, 2007; 

Miller et al., 2002; Moore, 2008). Although a recent review concluded that the 

comparison between musicians and non-musicians is still under researched 

(Stanhope et al., 2019b), studies including also non-music controls showed a 

significant difference between the groups, with musicians reporting more symptoms 

than non-musicians (Kok et al., 2013a; Paarup et al., 2011; Vastamaki et al., 2020). 

Similarly, the prospective study conducted by Ballenberger et al. (2018) reported that 

being a music student was considered a risk factor for the development of MHCs, with 

1-year incidence of 59% among music students and 44% for controls. Nevertheless, 

in contrast to the literature on MSDs in the general population (Kok et al., 2016b), 

scientific evidence is scarce concerning prevalence rates and associated factors in 

subgroups of age or different stages of education and occupation (Kok et al., 2016b), 

as well as among different nationalities (Stanhope et al., 2019b). 

 

 

1.4 Summary  

Contemporary literature offers very limited appraisal of evidence relating to the 

prevalence and associated factors of MSDs, possibly due to the high variability in the 
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terminology pertaining to the conditions assessed throughout the literature, low 

methodological quality (i.e., the use of non-validated outcome measures and large 

heterogeneity of assessment approaches in small-sized samples) and the lack of 

longitudinal observations (Rotter et al., 2020). As suggested by Rotter et al. (2020), 

precise and consistent diagnostic criteria would allow reducing the variability of the 

descriptors and thus that of the results. It is therefore important to adopt consistent 

terminology pertaining to the conditions or the definitions used to identify outcome 

parameters. At the same time, there is a need to deliver solid and large-scale data on 

music students to enhance evidence relating to prevalence rates and associated 

factors that may increase the risk of adverse outcomes. It is plausible that with more 

evidence relating to the modifiable factors that may increase the risk of adverse 

outcomes, targeted behaviour-modification and health-promotion might be ultimately 

designed to counteract the risk of developing these disorders. Relevant targeted 

interventions could be implemented then either at the initiation of a career in music, 

or more effectively delivered as intermediate or ongoing intervention during, or in the 

transition towards, professional musicianship.  
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2.1 Introduction 

Besides MSDs in general, many musicians might suffer from disorders associated 

with playing their instrument, interfering with their ability to play and thus having a 

negative impact on participatory levels of musical activities such as rehearsals, daily 

practice and performance (Zaza, 1995; Zaza et al., 1998). Therefore, a Canadian 

researcher, Christine Zaza (Zaza, 1995), adopted for the first time in her doctoral 

dissertation the term playing-related musculoskeletal disorder (PRMD) as an 

aggregated term in relation to a multitude of disorders associated with the playing 

activity. Specifically, musicians may experience these disorders, which ‘are 

associated with playing their instrument(s)’ (Zaza, 1995; p. 4) and are potentially 

derived ‘from the high physical and psychological demands on their profession’ (Zaza, 

1995; p. 1). The use of an aggregate term along the lines of WRMSDs, which was 

gaining its credibility during late 1980s worldwide (Graveling, 2019; Silverstein et al., 

1986) in relation to an epidemic of occupational disorders, was based on the 

hypothesis that PRMDs had several common causal mechanisms and aetiological 

factors (Zaza, 1995). According to Zaza, these conditions were frequently 

experienced by musicians, similarly to WRMDs for other occupational groups, 

affecting musicians’ health and function (Zaza, 1995). 

 

Throughout her thesis, Zaza pointed out how debilitating these disorders can be for 

musicians and how problematic is identifying or describing the entity of a condition 

that is not clearly defined. Therefore, the absence of a gold standard for the diagnosis 

of PRMDs lead to the development of an operational definition empirically established 

from musicians’ perspective, in order to understand the meaning of these disorders 

and their impact on their life as musicians. The introduction of a common definition for 

PRMDs was considered helpful in many aspects, such as offering a predictive power, 

indicating effective treatment (Stewart et al., 1995) and providing a common 

vocabulary to further discuss findings and allow data comparison. This was the first 

(and only) effort made to understand the subjective meaning of these disorders to 

musicians and develop a definition to be adopted to identify a disorder (or a group of 

disorders) with similar characteristics, such as having a significant impact on 

musicians’ playing ability. The purpose was not to define criteria for the examination 

of a specific disorder (e.g., epicondylitis) in one specific type of instrumentalist (e.g., 

violinist), but to aggregate different disorders sharing similar characteristics regarding 

musicians’ function and impact on their playing activity. 
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Therefore, a qualitative study using a phenomenological approach was conducted 

with twenty-seven adult classically-trained musicians (i.e., university-level music 

students or professionals musicians) and three health professionals with experience 

in the treatment of musicians’ MSDs (Zaza, 1995; Zaza et al., 1998). The inclusion of 

musicians was important because it allowed them to develop the operational case 

definition of PRMD reflecting their own perspectives and meanings, as well as to 

describe their own perceptions of their experience with PRMDs. On the other hand, 

the inclusion of health professionals was important to achieve a deeper understanding 

of PRMDs and to obtain external and complementary perspectives on musicians’ 

behaviours, trends and attitudes toward PRMDs. 

 

The protocol for the validation of PRMD definition consisted of conducting semi-

structured interviews in order to find out a final case definition determined by 

participants themselves, without being biased or conditioned by predetermined 

definitions. All participants firstly answered the ‘verification questions’ to investigate 

participants’ personal experience with PRMDs and their own perspectives pertaining 

PRMD characteristics. Afterwards, they had the possibility to define of occupational 

health problems with their own words and provide a definition for PRMDs in the form 

of a single question, followed by their personal answer to the single question. Replies 

to these last two questions were examined for consistency. To prevent imposing a 

specific name or term, the interviewer asked each participant their own term used to 

call these problems, clarifying in the meanwhile that health problems not derived from 

playing (e.g., car accident, a specific non-related illness like multiple sclerosis) were 

not considered PRMDs for the purposes of the study (Zaza, 1995; Zaza et al., 1998). 

Afterwards, subsequent participants were asked to provide feedback on previous 

participants' PRMD definition questions with the aim of reviewing other participants’ 

suggestions toward a final and consistent definition. Questions were slightly modified 

to be answered by health professionals regarding their experience in treating 

musicians’ MSDs.  

 

The final PRMD definition was empirically grounded on the participants’ perceptions 

and experiences in relation to their disorders, in the form of a single question, as 

follows:  

‘Do you have pain, weakness, lack of control, numbness, tingling or other 

symptoms that interfere with your ability to play your instrument at the level 

you are accustomed to?’  
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(Zaza, 1995; Zaza et al., 1998). 

 

Afterwards, in-depth analysis of the PRMD domain was conducted to understand 

PRMDs characteristics suggested by musicians through a ‘semantic attribution 

relationship’ (Spradley, 1979; Zaza, 1995), in which the terms included were 

characteristics of PRMDs that were predominant and recurrent, regardless of the 

question asked. Afterwards, the author summarised PRMD domain analysis, 

distinguishing between perceived PRMD attributes and characteristics associated 

with normal aches and pains (see Table 2.1).  Indeed, according to Zaza et al. (1998), 

musicians used the words ‘minor’, ‘just’, ‘slightest’, ‘normal’ and ’little’ to describe such 

aches and pains that would not be considered relevant or important, because they 

don’t affect the ability to play the musical instrument and were considered as ‘normal’ 

as every-day pain (Zaza et al., 1998). 

 

Table 2.1 Summary of perceived PRMD attributes compared with perceived attributes 

of normal aches and pains (Adapted from C. Zaza, 1995). 

PRMD Attributes Normal aches and pains 

Playing is affected Playing is not affected  

Personal/individual General 

Unusual Normal 

Continuous, chronic Just once in a while 

Severe symptoms Minor symptoms, heal quickly 

Beyond musician’s control Within musician’s control 

PRMD, Playing-related musculoskeletal disorder. 

 

 

In summary, the results of the qualitative study conducted by Zaza et al. (1998) 

showed that musicians were aware and able to describe the meaning of these 

disorders. Consistency among meanings and attributes to PRMDs throughout 

participants suggested the generalisability of the definition and the reliability of the 

results. They perceived and described PRMDs as being personal, serious, including 

disabling chronic health problems beyond their control (Zaza, 1995; Zaza et al., 1998) 

affecting ‘the whole person, physically, emotionally, occupationally, and socially’ 

(Zaza et al, 1998, p. 2020). Additionally, musicians consistently concluded that the 

main criteria to identify a PRMD is when playing is affected (Zaza, 1995) and 

according to Zaza et al. (1998), musicians seek help and consulted health 

professionals only when they perceived a lack of control. In fact, a participant admitted 
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‘…it's when anything affects your performance, any discomfort, or the limitations 

become greater than your ability to cope with them or not have it affect any aspect of 

your performance or playing’ (Zaza et al., 1998, p. 2017).  

 

Although the definition of Zaza et al. does not provide a causality of the disorder (i.e., 

the disorder is the result of playing the instrument), this definition has the important 

advantage of excluding symptoms that do not have an impact or a negative effect on 

musicians’ playing activity (Kok et al., 2016b). Therefore, in order to provide a realistic 

and accurate picture regarding issues of epidemiology and aetiology in this 

heterogeneous field, it is important to effectively disentangle PRMDs from MSDs in 

attempts to adequately understand and describe the problem, while seeking specific 

and effective strategies to moderate the effects of PRMDs. Furthermore, 

understanding the process of defining the disorder would also help in the 

disentanglement amongst factors of systematic dosing (musicianship; extent/changes 

to other conditioning activities), random dosing (serendipity amongst activities of daily 

living [e.g., driving]) that may act to provoke elevation in the disorder from subclinical 

MSDs to PRMDs. As such, clinicians and individual musicians would be expected to 

benefit from clarity of process and definition in antecedent modelling of data to 

facilitate ‘case-study’ work.  

 

However, since the introduction of PRMDs’ definition developed and operationalised 

by Zaza and colleagues (1998), many studies focused their aims on evaluating 

PRMDs rather than all MSDs and symptoms (Ackermann and Driscoll, 2010; 

Ackermann et al., 2011, 2012; Arnason et al., 2014; Baadjou et al., 2018a, b; Berque 

et al., 2016; Chan et al., 2014a, b; Kenny et al., 2016; Kochem and Silva, 2018; Möller 

et al., 2018; Sousa et al., 2017; Steinmetz et al., 2012, 2015; Zaza and Farewell, 

1997; Zaza et al., 1998). However, while Zaza et al. (1998) offered a clear operational 

definition for PRMDs, several studies investigated MSDs using other descriptors 

rather than PRMDs (Abréu-Ramos and Micheo, 2007; Davies and Mangion, 2002; 

Kok et al., 2015, 2017; Paarup et al., 2011, 2012; Steinmetz et al., 2016) or used 

PRMD inconsistently either as an aggregated term for other disorders (Bragge et al., 

2006; Kava et al., 2010; Steinmetz et al. 2016) or as a synonym of ‘injury’ (Rickert et 

al., 2012; Rotter et al., 2020), leading to misunderstandings and facing a general loss 

of meaning of what might be the criteria that identify PRMDs according to Zaza et al.'s 

definition. Additionally, a heterogeneous use of descriptors and terminology amongst 

the studies might conduct to the impossibility of comparing findings and synthesising 
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results throughout the literature. The adoption of a clear case definition with consistent 

criteria would allow reducing the variability of the descriptors and thus that of the 

results (Rotter et al., 2020).  

 

As the definition offered by Zaza et al. could be seen as being the best definition 

currently available (Stanhope et al., 2019a) and the most widely employed nowadays 

to identify MSDs in relation to playing activity (Baadjou et al., 2016; Rotter et al., 2020; 

Stanhope et al., 2019a), its use has been recommended in a recent review on 

outcomes and tools used in the literature to assess musicians’ musculoskeletal 

symptoms (Stanhope et al., 2019a). As the terminology is not consistently clear 

among the performing arts literature (see Chapter 1 – Section 1.3), collating the 

available studies among the literature and exploring how researchers have been 

using PRMDs’ definition among the literature might help to map and clarify the 

discrepancies of this heterogeneous research field, while giving an overview of the 

accuracy of the use of Zaza et al.’s definition among the literature after the introduction 

of PRMDs’ definition by Zaza and colleagues (1998). Therefore, the aim of this 

systematic review was to examine the use of Zaza et al.’s definition in research 

studies investigating PRMDs, published between 1998 (i.e., the first acceptable 

definition of PRMDs by Zaza et al., 1998) and 2020. 

 

 

2.2 Methods 

A comprehensive review of the existing literature was undertaken following the 

guidelines set by the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) (Moher et al., 2009). The methods of this systematic review were 

defined a priori. 

 

 

 

 

2.2.1 Search strategy 

The search included peer-reviewed articles published between 1998 (after the first 

acceptable definition of PRMDs by Zaza et al., 1998) and December 2020 from 

MEDLINE and EMBASE, CINAHL, as well as Physiotherapy Evidence Database 

(PEDro). Moreover, a manual search was conducted in the journal Medical Problems 

of Performing Artists (MPPA) and Psychology of Music SAGE Journal. In addition to 
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the databases, articles included in previous systematic reviews and in the reference 

lists of all eligible articles were also examined to identify other studies missing from 

the electronic searches. Each database was interrogated using the following search 

terms: ‘musculoskeletal disorders’ and synonyms (e.g., diseases, complaints, 

problems, discomfort, symptoms, pain) AND ‘musicians’ with relevant terms (i.e., 

orchestra musicians, music students; professional musicians; university-level 

students). All terms were searched as keywords [MeSH] and/or text words (see 

Appendix Ia). A list of search terms was developed in consultation with a professional 

academic librarian. The searches were re-run just before the final analyses and further 

studies retrieved for inclusion. Relevant titles and abstracts identified by the 

systematic literature search were screened by the reviewer (C.C.). Predetermined 

selection criteria were used to evaluate potentially relevant studies. Where there was 

insufficient information to determine its eligibility, the full article was interrogated.  

 

 

2.2.2 Eligibility criteria 

Since the definition has been operationalised and validated among professional 

musicians, as well as among music students in higher education institution (i.e., 

university-level or academy students) of 18 years old or above in English language, 

all eligible studies involving these two populations and investigating PRMDs as 

defined by Zaza et al. (1998) published in a peer-reviewed journal written in English 

were included. Any interventional study (non-randomised trial, randomised controlled 

trial, quasi-experiment, crossover or parallel study and pre-post interventional studies 

with or without a control group), as well as observational studies (case-control studies, 

cohort studies, cross-sectional studies and epidemiologic studies) attempting to 

investigate the presence of PRMDs were included. Delphi-based studies, 

systematic/non-systematic reviews, guidelines, editorials, letters, commentaries, 

unpublished manuscripts, dissertations, qualitative studies, reports, books, 

conference proceedings, meeting abstracts, lectures and addresses, consensus 

development statements, conference abstracts, poster presentations were excluded 

because their design does not require a formal operalisation of inclusion criteria for 

the enrolment of the population. Studies concerning music amateurs and studies on 

musicians with other musculoskeletal disorders (i.e., without the provisional definition 

of Zaza et al., 1998) or specific diagnosed disorders (e.g., focal dystonia) were 

excluded. In the case of unclear age limits or an uncertain description of the subjects’ 

level, the study was excluded. In case of a mixed study population where only a part 
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of participants met the inclusion criteria, authors were contacted regarding missing or 

contradictory data, with up to two reminders, over a standardised period of two 

months. In case of non-response or inability to report relevant data, the study was 

excluded.  

 

 

2.2.3 Study identification and data extraction 

Two reviewers (C.C. and M.B.) independently selected eligible studies based on titles 

and abstracts and excluded those not related to the subject. The full text was obtained 

for all papers that were considered potentially relevant. Once collected, these were 

reviewed to determine if eligibility criteria had been fulfilled. To resolve any 

disagreements over the eligibility of particular studies, the reviewers met to reach 

consensus on the eligibility of the studies following each phase of the review. A third 

reviewer (N.G.) was involved if consensus could not be reached. The studies that 

were finally included were analysed according to a certain structure: author/year of 

publication, journal name, study population (i.e., professional musicians or university-

level students and distribution of age/gender) with the specification of instrument if 

stated in the included article and the place where the research study was conducted; 

research design; aims of the study; the descriptor used in the aims and in the 

methods; the use of Zaza’s definition and/or the citation in the methods’ section or 

eventually in the appendix to identify a PRMD (Zaza et al., 1998) (yes/no); the 

reference of Zaza et al. 1998 or Zaza and Farewell, 1997 or Zaza’s doctoral thesis, 

1995 (yes/no); the definition reported in the methods/appendix and the correct use of 

the operational definition (yes/no) with reasons.  

 

As the present systematic review is focused on examining the correct use of PRMDs 

identification rather than the findings of the included manuscripts, the methodological 

bias was not assessed.  

2.2.4 Qualitative synthesis of the results 

The qualitative synthesis of the results involved a critical appraisal process mainly 

focused on whether the definition for PRMDs was explicitly stated either in the 

methods or in the appendix (the text was compared with the original definition) or 

alternatively whether at least one of the two studies deriving from Zaza’s doctoral 

thesis and containing the definition (Zaza and Farewell, 1997; Zaza et al., 1998) was 

cited. Additionally, the use of adaptations (e.g., acronym or descriptor change, 
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addition of recall periods) was assessed to evaluate whether the meaning of Zaza et 

al.’s definition has been affected or discredited. In relation to this, the use of the 

questionnaire developed by Berque et al. (2014) containing Zaza et al.’s definition 

with the word ‘problems’ instead of ‘disorders’ was considered appropriated if in the 

methods or in the aims it was explicitly stated that one of the main objectives was to 

examine PRMDs. 

 

 

2.3 Results  

2.3.1 Literature search 

The literature search yielded 970 references, with 146 reports identified as being 

potentially eligible for inclusion (see Figure 2.1). In addition, 25 further records were 

identified in the screening process by means of manual interrogation of the reference 

lists of the included studies and of ten previously published reviews on prevalence 

and risk factors of musculoskeletal disorders (Baadjou et al., 2016; Bragge et al., 

2006; Jacukowicz, 2016; Kok et al., 2016b; Rotter et al., 2020; Stanhope et al., 2019a, 

b; Vervainioti and Alexopoulos, 2015; Wu, 2007; Zaza, 1998), securing a total number 

of 32 studies that satisfied inclusion criteria for this systematic review. Please see 

Appendix Ib for a full listing of studies that were excluded based on methodology and 

age criterion, for not examining PRMDs according to Zaza et al.’s definition (see the 

footnote below+), for insufficient level’ description and for studies in which only some 

participants met inclusion criteria. 

 
+ ‘Do you have pain, weakness, lack of control, numbness, tingling or other symptoms that 
interfere with your ability to play your instrument at the level you are accustomed to?’ (Zaza, 
1995; Zaza et al., 1998). 
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Figure 2.1 PRISMA 2020 flow diagram to depict search strategy results.  

MPPA, Medical Problems of Performing Artists (journal); Pedro, Physiotherapy Evidence Database; PRMDs, playing-related musculoskeletal 
disorders; Psych Mus, Psychology of Music SAGE Journal. 
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2.3.2 Participants’ characteristics 

Participants’ characteristics of the included studies (n=32) are summarised in Table 

2.2. Almost half of the included studies (n=14) focused attention on professional 

orchestra musicians, of which 11 examined this population in general (Ackermann et 

al., 2012; Berque et al., 2016; Chan et al., 2014a, b; de Greef et al., 2003; Kenny and 

Ackermann, 2015; Kenny et al., 2016, 2018; Khalsa and Cope, 2006; Khalsa et al., 

2009; Yeung et al., 1999), one focused only on strings and winds (Kaufman-Cohen 

and Ratzon, 2011), one focused on strings (Lundborg and Grooten, 2018) and one 

study only on violinists (Kochem and Silva, 2018). In addition, one study focused 

attention on professional orchestra musicians and university-level music students only 

playing the violin (Ackermann and Adams, 2004) and one on professional orchestra 

musicians and university-level students in general (Sandell et al., 2009). In addition, 

3 studies examined professional musicians (i.e., without the distinction between 

orchestra musicians and teachers) and university-level music students, of which one 

study examined this population in general (Silva et al., 2018), one study only on 

violinists and violists (Möller et al., 2018), while another study focused attention only 

on saxophonists (Shanoff et al., 2019). A total of 13 studies examined university-level 

music students, of which 7 focused attention on this population in general (Ackermann 

et al., 2002; Arnason et al., 2018; Baadjou et al., 2018b; Cruder et al., 2020; Kava et 

al., 2010; Matei and Ginsborg, 2020; Steemers et al., 2020), one on flutists 

(Ackermann et al., 2011) and 4 on pianists (Bragge et al., 2008; Ling et al., 2016, 

2018; Yoshimura et al., 2006), while another study included the comparison between 

university-level music students and university-level students of another field (i.e., 

medical students) (Steinmetz et al., 2012).  

 

The majority of the included studies were cross-sectional (n=20) (Ackermann and 

Adams, 2004; Ackermann et al., 2011, 2012; Berque et al., 2016; Bragge et al., 2008; 

Cruder et al., 2020; Kaufman-Cohen and Ratzon, 2011; Kenny and Ackermann, 2015; 

Kenny et al., 2016; 2018; Kochem and Silva, 2018; Ling et al., 2016, 2018; Matei and 

Ginsborg, 2020; Möller et al., 2018; Shanoff et al., 2019; Steemers et al., 2020; 

Steinmetz et al., 2012; Yeung et al., 1999; Yoshimura et al., 2006), one case-control 

(Silva et al., 2018), 9 pre-post interventions (Ackermann et al., 2002; Arnason et al., 

2018; Chan et al., 2014a, b; de Greef et al., 2003; Kava et al., 2010; Khalsa and Cope, 

2006; Khalsa et al., 2009; Lundborg and Grooten, 2018) and 2 randomised controlled 

trials (Baadjou et al., 2018b; Sandell et al., 2009). 
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Table 2.2 Participant characteristics.  

Author Title Journal 

 
Population 
n (women/ 

men) 
mean age 

(range) 

Population type Design Aims 

       
Ackermann 
and Adams 
(2004) 

Perceptions of causes of 
performance-related 
injuries by music health 
experts and injured 
violinists 

Percept Mot 
Skills 

26 (21/7) 
n.a. (18-60) 

Professional 
musicians and 
university-level 
music students 
(violin and viola) - 
Australia 

Cross-
sectional 

To investigate the relative 
importance of commonly cited 
risk factors from both the 
perspective of the violinist and 
the music health professional 

       
Ackermann 
et al. (2002) 

Strength of endurance 
training for undergraduate 
music majors at a university 

Med Probl 
Perform Art 

19 (14/5) 
n.a. (18-28) 

University-level 
music students - 
Australia 

Pre-post 
intervention 

To investigate the effects of a 
six-week proximal upper-limb 
and trunk exercise program on 
physical and self-report 
variables in undergraduate 
music majors at a university 

       
Ackermann 
et al. (2011) 

Incidence of injury and 
attitudes to injury 
management in skilled flute 
players  

Med Probl 
Perform Art 

20 (17/3) 
23.05 (19-32) 

University-level 
music students 
(flute) - Australia 

Cross-
sectional 

To investigate the frequency 
and characteristics of PRMDs 
and conduct a preliminary 
investigation into the types of 
interventions and approaches 
used to manage these 

       
Ackermann 
et al. (2012) 

Musculoskeletal pain and 
injury in professional 
orchestra musicians in 
Australia  

Med Probl 
Perform Art 

377 
(192/185) 
42.1 (25-54) 

Professional 
orchestra 
musicians - 
Australia 

Cross-
sectional 

To report on the major findings 
identified from the 
questionnaire in relation to 
physical health issues and the 
reported causes 
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Arnasson 
and  Arnason 
(2018) 

Effects of an education and 
prevention course for 
university music students 
on their body awareness 
and attitude toward health 
and prevention 

Med Probl 
Perform Art 

23 (14/9) 
23.1 (n.a.) 

University-level 
music students - 
Iceland 

Pre-post 
intervention 

To investigate the effect of an 
educational and prevention 
course 

       
Baadjou et 
al. (2018b) 

Preventing musculoskeletal 
complaints in music 
students: a randomized 
controlled trial  

Occup Med 
(Lond) 

84 and 86 
controls 
(97/73) 
20 (19–
22.25) 

University-level 
music students - 
The Netherlands 

RCT To assess whether a 
biopsychosocial prevention 
course is better at reducing 
disability due to 
musculoskeletal disorders 
compared with physical activity 
promotion 

       
Berque et al. 
(2016) 

Playing-related problems 
among professional 
orchestra musicians in 
Scotland.  A prevalence 
study using a validated 
instrument, the 
musculoskeletal pain 
intensity and interference 
questionnaire (MPIIQM) 

Med Probl 
Perform Art 

101 (50/51) 
47.7 (25-65) 

Professional 
orchestra 
musicians - UK 

Cross-
sectional 

To evaluate the prevalence of 
PRMPs among professional 
orchestra musicians in 
Scotland, and to gather 
information about pain 
intensity, pain activity 
interference, and pain affective 
interference using the MPIIQM 

       
Bragge et al. 
(2008) 

Musculoskeletal injuries in 
elite pianists. Prevalence 
and associated risk factors 

Aust J Music 
Educ 

87 (57/30) 
20.2 (18-31) 

University-level 
students (piano) - 
Australia 

Cross-
sectional 

To establish the prevalence of 
PRMDs in a sample of elite 
(conservatory) pianists and 
identify associated risk factors. 
A secondary aim was to gather 
information on the distribution 
of PRMD symptoms 

       

Chan et al. 
(2014a) 

Exercise DVD effect 
on musculoskeletal  

Occup Med 
(Lond) 

50 (28/22) 
45 (n.a.) 

Professional 
orchestra 

Pre-post 
intervention 

To evaluate feasibility and 
effectiveness of a specific 
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disorders in professional 
orchestral musicians 

musicians - 
Australia 

exercise programme delivered 
via a DVD targeting PRMDs 
and associated risk factors 

       
Chan et al. 
(2014b) 

Effect of a musicians' 
exercise intervention on 
performance-related 
musculoskeletal  
disorders 

Med Probl 
Perform Art 

53 (33/20) 
44 (n.a.) 

Professional 
orchestra 
musicians - 
Australia 

Pre-post 
intervention 

To evaluate the effect of a 
purpose-designed exercise 
program on PRMDs and 
associated risk factors 

       
Cruder et al. 
(2020) 

Prevalence and associated 
factors of playing-
related musculoskeletal  
disorders among music  
students in Europe. 
Baseline findings from the 
RISMUS longitudinal 
multicentre study 

BMC 
Musculo-
skelet Disord 

850 
(522/325/ 
other:3) 
22 (18-48) 

University-level 
music students –
multicentre 
(Europe) 

Cross-
sectional 

To describe the prevalence of 
PRMDs and to identify 
variables that might be 
associated with the self-
reported presence of PRMDs 

       
De Greef et 
al. (2003) 

Impact of the Groningen 
exercise therapy for 
symphony orchestra 
musicians program on 
perceived physical 
competence and PRMDs of 
professional musicians 

Med Probl 
Perform Art 

22 and 28 
controls 
(18/32) 
experimental 
group: 46.5 
(n.a.) 
controls: 46.0 
(n.a.) 

Professional 
orchestra 
musicians - The 
Netherlands 

Pre-post 
intervention 

To assess the impact of the 
GETSOM program on the 
control capacity and the 
recurrence of PRMDs in 
musicians 

       
Kaufman-
Cohen and 
Ratzon 
(2011) 

Correlation between risk 
factors and musculoskeletal 
disorders among 
classical musicians 

Occup Med 
(Lond) 

61 (31/30) 
42.9 (26-66) 

Professional 
orchestra 
musicians (strings 
and winds) - Israel 

Cross-
sectional 

To investigate the correlation 
between biomechanical, 
environmental, psychosocial 
and personal risk factors and 
potential incidence of PRMDs 

       
Kava et al. 
(2010) 

Trunk endurance exercise 
and the effect on 
instrumental performance: 
a preliminary study 

Music Perf 
Res 

14 (9/5) 
20.93 (18-29) 

University-level 
music students - 
USA 

Pre-post 
intervention 

To investigate and compare 
the efficacy of two therapeutic 
exercise approaches directed 
toward increasing trunk and 
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comparing Pilates exercise 
and a trunk and proximal 
upper extremity endurance 
exercise program 

proximal upper extremity 
muscle endurance and 
neuromuscular control, and to 
determine if these changes 
affect instrumental 
performance 

       
Kenny and 
Ackermann 
(2015) 

Performance-related 
musculoskeletal pain, 
depression and music 
performance anxiety in 
professional orchestra 
musicians 

Psychol Mus 377 
(192/185) 
42.1 (18-68) 

Professional 
orchestra 
musicians - 
Australia 

Cross-
sectional 

To identify whether an 
association was present 
between PRMDs and 
psychosocial factors using 
self-reported data (numerical 
rating scales), including age, 
sex, instrument, trait anxiety, 
music performance anxiety, 
social phobia (social anxiety 
disorder) and depression, as 
well as including an objective 
physical measure (right and 
left myofascial trapezius trigger 
points) 

       
Kenny et al. 
(2016) 

Is playing in the pit really 
the pits? Pain, strength, 
music performance anxiety 
and workplace satisfaction 
in professional musicians in 
stage, pit and combined 
stage/pit orchestras 

Med Probl 
Perform Art 

404 
(206/198) 
42.1 (n.a.) 

Professional 
orchestra 
musicians - 
Australia 

Cross-
sectional 

To examine the differences on 
a range of self-report 
measures, including pain 
(PRMD), physical, and 
psychological health, including 
music performance anxiety, 
workplace satisfaction, and 
bullying 

       
Kenny et al. 
(2018) 

Effects of aging on musical 
performance in professional 
orchestral musicians  

Med Probl 
Perform Art 

379 
(195/184) 
42 (18-68) 

Professional 
orchestra 
musicians - 
Australia 

Cross-
sectional 

To compare professional 
classical orchestral musicians 
of different ages on a range of 
physical and psychological 
factors in order to discover 
how increasing age might 
affect their work performance 
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and to identify possible risk 
and protective factors for their 
physical and psychological 
health as they age 

       
Khalsa and 
Cope (2006) 

Effects of a yoga lifestyle 
intervention on 
performance-related 
characteristics 
of musicians: a preliminary 
study  

Med Sci 
Monit 

10 (5/5) 
25.5 (21-30) 

Professional 
orchestra 
musicians - 
Massachusetts 
(USA) 

Pre-post 
intervention 

To perform an evaluation of 
the benefits of a pilot program 
of a comprehensive yoga 
lifestyle intervention for 
musicians participating in a 
summer music training 
program 

       
Khalsa et al. 
(2009) 

Yoga ameliorates 
performance anxiety and 
mood disturbance in young 
professional musicians 

Appl Psycho- 
physiol 
Biofeedback 

45 (25/20) 
24.5 (yoga 
lifestyle); 
25.4 (yoga 
only);  
24 (controls) 
(n.a.) 

Professional 
orchestra 
musicians - 
Massachusetts 
(USA) 

Pre-post 
intervention 

To extend our preliminary 
findings with more outcome 
measures using a larger 
sample 

       
Kochem and 
Silva (2018) 

Prevalence and associated 
factors of playing-related 
musculoskeletal disorders 
in Brazilian violin players 

Med Probl 
Perform Art 

130 (49/57) 
23.9 (19-26) 

Professional 
orchestra 
musicians (violin) - 
Brazil 

Cross-
sectional 

To investigate the prevalence 
of PRMD and to compare 
sociodemographic and musical 
data by gender to investigate 
associated risk factors 

       
Ling et al. 
(2016) 

Knowledge of playing-
related musculoskeletal 
disorders among classical 
piano students at tertiary 
institutions in Malaysia  

Med Probl 
Perform Art 

192 (n.a.) 
(n.a) 18-27 

University-level 
music students 
(piano) - Malaysia 

Cross-
sectional 

To investigate the knowledge 
of PRMDs 

Ling et al. 
(2018) 

Playing-related 
musculoskeletal disorders 
among classical piano 
students at tertiary 

Med Probl 
Perform Art 

192 (163/29) 
20.5 (n.a.) 

University-level 
music students 
(piano) - Malaysia 

Cross-
sectional 

To investigate the proportion of 
PRMDs 
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institutions in Malaysia: 
proportion and associated 
risk factors  

       
Lunborg and 
Grooten 
(2018) 

Resistance training for 
professional string 
musicians: a prospective 
intervention study 

Med Probl 
Perform Art 

24 (17/7) 
51 (36-63) 

Professional 
orchestra 
musicians (strings) 
- Sweden 

Pre-post 
intervention 

To study if musicians had 
changes in perceived 
performance during 
instrumental play, joint 
mobility, and the occurrence 
and intensity of PRMDs after 
the intervention 
  

Matei and 
Ginsborg 
(2020) 

Physical activity, sedentary 
behavior, anxiety, and pain 
among musicians in the 
United Kingdom 

Frontiers 
Psychol 

111 (64/47) 
22 (18-31) 

Undergraduate and 
postgraduate 
students - UK 

Cross-
sectional 

(1) To investigate, 
independently and in relation 
to each other, a set of potential 
risk factors for PRMDs 
identified in the literature to 
date 
(2) To explore the relationship 
between sedentary behaviour 
and PRMDs 
(3) To explore the information 
about risk factors for PRMDs 
that students had received as 
part of their training, and the 
sources of that information 

       
Möller et al. 
(2018) 

Potential relevance of 
altered muscle activity and 
fatigue in the development 
of performance-related 
musculoskeletal injuries in 
high string musicians 

Med Probl 
Perform Art. 

15 (11/4) 
28.1 (n.a.) 

Professional 
musicians and 
university-level 
music students 
(violin and viola) - 
Germany 

Cross-
sectional 

To investigate muscle activity 
patterns in the muscles of the 
arms, shoulder, and back 
during high-string performance 
over a prolonged performance 
period 

       
Sandell et al. 
(2009) 

Playing-related 
musculoskeletal disorders 
and stress-related health 

Med Probl 
Perform Art 

30 (16/14) 
experimental 

Professional 
orchestra 
musicians and 

RCT To evaluate the feasibility and 
the effect of a rehabilitation 
program including an 
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problems among 
percussionists 

group: 39.3 
(n.a);  
controls: 36.8 
(n.a.) 

university-level 
music students - 
Texas (USA) 

educational presentation and a 
series of musician-specific 
home exercise videos on the 
intensity and frequency of 
performance-related 
musculoskeletal symptoms 
and resulting functional 
limitations 

       
Shanoff et al. 
(2019) 

Playing-related injuries and 
posture among 
saxophonists 

Med Probl 
Perform Art 

109 (53/56) 
n.a. (18-60) 

Professional 
musicians and 
university-level 
students 
(saxophone) - 
Canada 

Cross-
sectional 

1) To investigate the 
prevalence of PRMDs among 
saxophonists 
2) To determine the most 
problematic areas that 
saxophonists encounter 
3) To identify the main postural 
habits of saxophonists and 
determine whether these 
postural habits are related to 
prevalence of pain 

 
 

      

Silva et al. 
(2018) 

Musicians injuries: upper 
quarter motor control 
deficits in musicians with 
prolonged symptoms - A 
case-control study 

Musculo-
skelet Sci 
Pract 

36 and 36 
controls 
(24/12)  
cases: 23.28 
(n.a.); 
controls: 
25.03 (n.a.) 

Professional 
musicians and 
university-level 
students - 
Tennessee (USA) 

Case-
control  

To investigate if musicians with 
and without prolonged 
symptoms of upper quarter 
PRMSDs displayed differences 
in motor control responses 
demonstrated by the results of 
three clinical tests targeting the 
cervical spine and shoulder 
girdle 

       
Steemers et 
al. (2020) 

Health problems in 
conservatoire students: a 
retrospective study 
focusing on playing-
related musculoskeletal  
disorders and mental health 

Med Probl 
Perform Art 

89 (54/35)  
21.3 (n.a.) 

University-level 
music students 
(Bachelor) - The 
Netherlands 

Cross-
sectional 

To determine the prevalence 
of PRMDs and to investigate 
whether classical music 
students suffering from PRMD 
experience poorer mental and 
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general health compared to 
students without PRMDs 

       
Steinmetz et 
al. (2012) 

PRMDs in music student-
associated musculoskeletal 
signs  

J Phys 
Rehabil Med 

36 and 19  
controls 
(24/12) 
23.2 (n.a);  
controls: 22.4 
(n.a.) 

University-level 
music students vs 
university-level 
students - Germany  

Cross-
sectional 

To evaluate the frequency of 
PRMD in music students, the 
investigation of signs and 
symptoms in music students 
compared to non-music 
controls and the comparison of 
self-reported health and well-
being between the two groups 

       
Yeung et al. 
(1999) 

A survey of playing-related 
musculoskeletal problems 
among professional 
orchestral musicians in 
Hong Kong 

Med Probl 
Perform Art 

39 (9/30) 
26.32 (n.a.); 
controls: 
33.14 (n.a.) 

Professional 
orchestra 
musicians 
with PRMCs vs 
without PRMCs - 
Hong Kong 

Cross-
sectional 

To explore the one-year 
prevalence of PRMCs and to 
investigate risk factors that 
may contribute to PRMCs 

       
Yoshimura et 
al. (2006) 

Risk factors for piano-
related pain among college 
students 

Med Probl 
Perform Art 

35 (27/8) 
27 (n.a.) 

University-level 
music students 
(piano) - Hong 
Kong 

Cross-
sectional 

To investigate risk factors for 
piano-related pain among 
college students 

DVD, Digital versatile disc; GETSOM, Groningen exercise therapy for Symphony Orchestra Musicians; n.a., Not applicable; PRMCs, Playing-related 
musculoskeletal complaints; PRMD(s), Playing-related musculoskeletal disorder(s); PRMPs, Playing-related musculoskeletal problems; RCT, 
Randomised controlled trial; RISMUS, RISk of MUsic Students (research project).
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2.3.3 Qualitative synthesis of results for all included studies (n=32) 

Qualitative synthesis of results for all included studies (n=32) are summarised in Table 

2.3. Of the included 32 studies, only 11 (34.4%) adopted PRMD definition in a correct 

way (Ackermann and Adams, 2004; Ackermann et al., 2002; Baadjou et al., 2018b; 

Berque et al., 2016; Bragge et al., 2008; Chan et al., 2014a, b; Cruder et al., 2020; 

Kenny and Ackermann, 2015; Kenny et al., 2018; Yeung et al., 1999), explicitly stating 

the definition or referring to the qualitative study in which this definition was 

operationalised (Zaza et al., 1998) or the study where the definition appeared for the 

first time (Zaza and Farewell, 1997). Specifically, 5 studies cited the definition or 

referred to Zaza et al. (1998) in the methods’ section (Baadjou et al., 2018b; Bragge 

et al., 2008; Chan et al., 2014a, b; Cruder et al., 2020), although Bragge et al. (2008) 

replaced the word ‘instrument’ with piano as their research focused only on pianists 

and added a recall period (i.e., over the past week). Similarly, Chan et al. (2014a) 

added a recall period (i.e., during the last week) and the term ‘physical’ referring to 

‘other symptoms’ in the definition (Chan et al., 2014a, b). Conversely, 4 studies cited 

Zaza and Farewell (1997) in the methods’ section (Ackermann and Adams, 2004; 

Ackermann et al., 2002; Kenny and Ackermann, 2015; Kenny et al., 2018), although 

Kenny and Ackermann (2015) and Kenny et al. (2018) added a recall period ( i.e., 

ever) in the definition, and Yeung et al. (1999) cited both studies (Zaza and Farewell, 

1997; Zaza et al., 1998), albeit replacing the word ‘disorders’ with ‘complaints’. Lastly, 

Berque et al. (2016) used the questionnaire developed by the same authors (i.e., the 

Musculoskeletal pain intensity and interference questionnaire - MPIIQM, Berque et 

al., 2014) but clearly stated that ‘the operational definition of PRMD developed by 

Zaza et al., 1998 was used explicitly for the prevalence questions, with the wording 

being slightly modified by using the words pain/problems instead of pain alone to 

accommodate most musculoskeletal conditions’ (Berque et al., 2016, p. 79) and 

added the recall period with the inclusion of lifetime, 12-months, 1-month and current 

(i.e., 7 days) prevalence rates in the questions. 

 

Of the included 32 studies, 21 (65.6%) did not make a proper use of the definition of 

Zaza and colleagues, albeit aiming at identifying PRMDs within their studies 

(Ackermann et al., 2011, 2012; Arnason et al., 2018; de Greef et al., 2003; Kaufman-

Cohen and Ratzon, 2011; Kava et al., 2010; Kenny et al., 2016; Khalsa and Cope, 

2006; Khalsa et al., 2009; Kochem and Silva, 2018; Ling et al., 2016, 2018; Lundborg 

and Grooten, 2018; Matei and Ginsborg, 2020; Möller et al., 2018; Sandell et al., 2009; 

Shanoff et al., 2019; Silva et al., 2018; Steemers et al., 2020; Steinmetz et al., 2012; 
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Yoshimura et al., 2006). Specifically, 3 studies did not report Zaza et al. or Zaza and 

Farewell references, albeit citing the definition with the addition of the term ‘physical’ 

referring to ‘other symptoms’ in the methods (Ackermann et al., 2012; Kenny et al., 

2016) or in the appendix (Arnason et al., 2018). Additionally, 2 studies (Kava et al., 

2010; Yoshimura et al., 2006), albeit referring to Zaza et al. (1998), used another 

definition and set of questions for PRMDs, such as: ‘pain experienced by the 

participants while playing was considered a symptom associated with PRMD as 

defined by Zaza et al. (1998)’ (Kava et al., 2010) and ‘Do you experience pain when 

playing? Do you experience pain after playing? Does pain stop you from playing the 

piano? How much of your playing is affected by your pain?’ (Yoshimura et al., 2006). 

Similarly, 3 studies (Lundborg and Grooten, 2018; Sandell et al., 2009; Silva et al., 

2018) adopted another definition without referring to Zaza albeit using the descriptor 

PRMDs in the methods’ section. However, it should be noted that Silva et al. (2018) 

probably adopted a wrong acronym (i.e., PRMSDs). Moreover, one study (Ling et al., 

2018) reported in the methods’ section the correct definition but in the questionnaire 

available in the appendix, the definition is formulated differently (‘During the last 6 

months, have you experienced any discomfort which affects your piano playing?’). In 

addition, 3 studies (Möller et al., 2018; Shanoff et al., 2019; Steemers et al., 2020) 

used the MPIIQM to identify PRMDs but the authors did not cite neither Zaza et al. 

(1998) nor Zaza and Farewell (1997). For 9 of the 32 included studies how the authors 

assessed PRMDs was not clear because the questionnaires used for PRMD 

identification were not relevant (Ackermann et al., 2011; Kaufman-Cohen and Ratzon, 

2011; Steinmetz et al., 2012) or not publicly available (De Greef et al., 2003) or the 

authors used an adaptation of existing questionnaires (i.e., Ackermann and Driscoll, 

2010; Ackermann et al., 2002) without sufficiently clarifying the edits (Khalsa and 

Cope, 2006; Khalsa et al., 2009; Matei and Ginsborg, 2020) or there was insufficient 

information about PRMD identification for the absence of PRMD definition and 

reference to Zaza and colleagues (Kochem and Silva, 2018; Ling et al., 2016).  

 

Furthermore, 8 studies (24.2%) included in the definition the exclusion of mild 

transient aches or pains (Ackermann et al., 2002, 2012; Arnason et al., 2018; Berque 

et al., 2016; Chan et al., 2014a, b; Kenny et al., 2016; Ling et al., 2018), although in 

the original validated definition (Zaza et al., 1998) this specification was not included. 

Additionally, 11 studies (34.4%) used ‘performance-related’ instead of the original 

‘playing-related’ in the acronym for PRMDs (Ackermann et al., 2002, 2011, 2012; 
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Chan et al., 2014a, b; Kenny and Ackermann, 2015; Kenny et al., 2016, 2018; Khalsa 

and Cope, 2006; Khalsa et al., 2009; Lundborg and Grooten, 2018).  
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Table 2.3 Results of the included studies (n=32). 

Author 
Zaza’s 

definition 
Zaza ref. 

(methods) 
Definition for PRMD 

Correct 
use 

Reason 

Ackermann 
and Adams 
(2004) 

√ √* The definition was responding affirmatively to the 
question: ‘do you have a performance-related 
musculoskeletal problem, i.e., any pain, weakness, 
numbness, tingling, or other symptoms that interferes 
with your ability to play your instrument at the level you 
are accustomed to?’ (Zaza & Farewell, 1997) 

Yes   

      
Ackermann 
et al. (2002) 

√ √* PRMDs are defined as ‘any pain, weakness, 
numbness, tingling or any other symptoms that 
interfere with your ability to play your instrument at the 
level you are accustomed to. This definition does not 
include transient aches or pains’ (Zaza & Farewell, 
1997) 

Yes   

      
Ackermann 
et al. (2011) 

- - The questionnaire about PRMD was adapted from one 
used by Ackermann and Adams (2003) 

No NO DEFINITION, NO REFERENCE 
TO ZAZA, NOT CLEAR PRMD 
ASSESSMENT: questionnaire not 
relevant – in the questionnaire 
developed by Ackermann and Adams 
(2003) the descriptor is pain and 
PRMDs are not defined 

      
Ackermann 
et al. (2012) 

√ - PRMDs were defined as ‘any pain, weakness, 
numbness, tingling or other physical symptoms that 
interfere with your ability to play your instrument at the 
level to which you are accustomed. This definition does 
not include mild transient aches or pains.’ 

No NO REFERENCE TO ZAZA  
(but the definition) 
Addition of ‘physical’ 

      
Arnasson et 
al. (2018) 

√1 - PRMDs are defined as any pain, numbness, tingling, 
or any other physical symptoms that interfere with your 
ability to play your instrument at the level you are 
accustomed to. This definition does not include mild 
transient aches or pains. Have you ever experienced 

No NO REFERENCE TO ZAZA (but the 
definition) 
Addition of ‘physical’ 
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PRMDs that have interfered with playing your 
instrument? 

Baadjou et 
al. (2018b) 

√ √ PRMDs were defined as ‘pain, weakness, lack of 
control, numbness, tingling, or other symptoms that 
interfere with your ability to play your instrument at the 
level you are accustomed to’ (Zaza et al., 1998) - in the 
table PRMD question 
  

Yes   

Berque et al. 
(2016) 

√2 √ The operational definition of PRMD developed by Zaza 
et al., 1998 was used explicitly for the prevalence 
questions, with the wording being slightly modified by 
using the words pain/problems instead of pain alone to 
accommodate most musculoskeletal conditions 
[introduction] 
Musculoskeletal pain intensity and interference 
questionnaire (MPIIQM) (Berque et al., 2014): 
Playing-related musculoskeletal problems are defined 
as ‘pain, weakness, numbness, tingling, or other 
symptoms that interfere with your ability to play your 
instrument at the level to which you are accustomed’. 
This definition does not include mild transient aches 
and pains. Have you ever had pain/problems that have 
interfered with your ability to play your instrument at the 
level to which you are accustomed? (+ during the last 
12 months, during the last month (4 weeks), currently 
(in the past 7 days)? 

Yes Although another descriptor (PRMPs) 
Addition of recall period: ever, during 
the last 12 months, during the last 
month (4 weeks), currently (in the 
past 7 days) 

      
Bragge et 
al.(2008) 

√1 √ The operational definition of PRMD previously derived 
by Zaza et al. (1998) was validated in pianists: ‘Over 
the past week, have you experienced a playing-related 
musculoskeletal problem such as pain, weakness, 
numbness, tingling, or other symptoms that interfere 
with your ability to play the piano at the level you are 
accustomed to?’ (y/n) 

Yes Replacement of ‘instrument’ with 
‘piano’ 
Addition of recall period: over the past 
week 
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Chan et al. 
(2014a) 

√ √ A definition of PRMDs was modified from Zaza et al. 
1998 to ‘any pain, weakness, numbness, tingling or 
other physical symptoms that interfere with your ability 
to play your instrument at the level to which you are 
accustomed during the last week’, excluding everyday 
mild, transient aches or pains 

Yes Addition of recall period: during the 
last week 
Addition of ‘physical’ 

      
Chan et al. 
(2014b) 

√ √ PRMDs were described as per previous researchers: 
‘any pain, weakness, numbness, tingling, or other 
physical symptoms that interfere with your ability to 
play your instrument at the level to which you are 
accustomed; exclude any mild transient aches or pains 
that may simply be a representation of the common 
everyday symptoms.’ (Zaza et al., 1998) 

Yes  Addition of ‘physical’ 

      
Cruder et al. 
(2020) 

√ √ The single question according to Zaza et al., 1998 to 
identify the presence of PRMDs 

Yes   

      
De Greef et 
al. (2003) 

- √ The variable of health problems is operationalized by 
PRMDs and assessed by the World and Health 
Questionnaire for Musicians (WHQM) (Zaza et al., 
1998)  

No NO DEFINITION, NOT CLEAR 
PRMD ASSESSMENT: 
questionnaire not available  
(but reference) 

      
Kaufman-
Cohen and 
Ratzon 
(2011) 

- - No definition No NO DEFINITION, NO REFERENCE 
TO ZAZA, NOT CLEAR PRMD 
ASSESSMENT: questionnaire not 
relevant (SNQ) 

      
Kava et al. 
(2010) 

- √* Pain experienced by the participants while playing was 
considered a symptom associated with PRMD as 
defined by Zaza et al. (1998). Though this 
questionnaire was not piloted, this definition of PRMD 
has been found to be reliable when used by musicians 
(Ackermann et al., 2002; Zaza & Farewell, 1997)  

No ANOTHER DEFINITION/QUESTION  
(but reference) 
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Kenny and 
Ackermann 
(2015) 

√ √* We presented musicians with Zaza and Farewell’s 
operational definition of PRMD (i.e., ‘A PRMD refers to 
any pain, weakness, numbness, tingling or any other 
symptoms that interfere with your ability to play your 
instrument at the level to which you are accustomed. 
This definition does not include mild short-lived aches 
or pains’) prior to asking a series of questions that 
assessed the presence of PRMDs (e.g., ‘Have you 
EVER experienced pain or injuries that you think are 
related to playing your instrument?’) 

Yes Addition of recall period: ever 

      
Kenny et al. 
(2016) 

√ - PRMDs were defined as ‘any pain, weakness, 
numbness, tingling or other physical symptoms that 
interfere with your ability to play your instrument at the 
level to which you are accustomed. This definition does 
not include mild transient aches or pains.’ 
  

No NO REFERENCE TO ZAZA  
(but the definition) 
Addition of ‘physical’ 

Kenny et al. 
(2018) 

√ √* We presented musicians with Zaza and Farewell’s 
operational definition of PRMD (Zaza and Farewell., 
1997) (i.e., ‘A PRMD refers to any pain, weakness, 
numbness, tingling or any other symptoms that 
interfere with your ability to play your instrument at the 
level to which you are accustomed. This definition does 
not include mild short-lived aches or pains.’) prior to 
asking a series of questions that assessed the 
presence of PRMDs (e.g., ‘Have you EVER 
experienced pain or injuries that you think are related 
to playing your instrument?’)  

Yes  Addition of recall period: ever 

Khalsa and 
Cope (2006) 

- - PRMD questionnaire includes 2 questions utilizing a 
VAS to assess the frequency of occurrence and 
severity of PRMDs. Another question assesses 
perceived exertion during musical practice on a 
numerical Borg scale [...] This questionnaire was a 
slightly modified version of that used by Ackermann 
(2002) 

No NO DEFINITION, NO REFERENCE 
TO ZAZA AND NOT CLEAR PRMD 
ASSESSMENT: not clear the edits to 
the questionnaire (slightly modified 
version) 
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Khalsa et al. 
(2009) 

- - PRMD questionnaire utilises a 10-cm linear VAS to 
assess the frequency (from 0 = never to 10 = 
constantly) and severity (from 0 = none to 100 = 
maximally severe) of PRMDs and perceived exertion 
during musical practice on a numerical Borg scale 
(from 6 = no effort to 20 = maximum effort) [...] We used 
a slightly modified version of that used by Ackermann 
et al. (2002) 

No NO DEFINITION, NO REFERENCE 
TO ZAZA AND NOT CLEAR PRMD 
ASSESSMENT: not clear the edits to 
the questionnaire (slightly modified 
version) 

      
Kochem and 
Silva (2018) 

- - A self-administered questionnaire was designed to 
verify [...] the presence of painful symptoms and 
musculoskeletal disorders related to musical 
performance 

No NO DEFINITION, NO REFERENCE 
TO ZAZA AND NOT CLEAR PRMD 
ASSESSMENT  
(only the descriptor PRMD in the 
statistical analysis) 

      
Ling et al. 
(2016) 

- - Question 4 mentioned general PRMD terms that 
describe pianist injury to examine the respondents’ 
level of knowledge of them (appendix). Finally, 
question 5 examined specific knowledge of PRMDs by 
asking the respondents to choose the body parts 
affected by the examples of PRMDs given 

No NO DEFINITION, NO REFERENCE 
TO ZAZA AND NOT CLEAR PRMD 
ASSESSMENT  
(only the descriptor PRMD) 

      
Ling et al. 
(2018)  

√3 √ In our questionnaire, the occurrence of PRMD was 
defined as ‘any pain, weakness, lack of control, 
numbness, tingling, or other symptoms that interfere 
with musicians’ ability to play piano at the level they are 
accustomed to, without taking into account very mild 
symptoms,’ as based on the operational definition of 
PRMD by Zaza et al. 1998. Mild, short-lived, and 
transient symptoms that were not inhibiting music 
playing were excluded, as those might not be actual 
PRMD. (Zaza, 1998; Zaza and Farewell, 1997) 
Appendix: During the last 6 months, have you 
experienced any discomfort which affects your piano 
playing? 

No DISCREPANCY METHODS-
APPENDIX 
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Lunborg and 
Grooten 
(2018) 

- - For analysis of perceived change in occurrence of 
PRMDs [...] questionnaires were used that asked the 
following two questions: ‘Have you, during the last 
week, experienced any com plaints (aches, pain, 
discomfort, regardless of the origin of the complaint) in 
the following body regions: face, neck, shoulder, 
elbow, hand/fingers, upper back, lower back, hip/thigh, 
knee, lower leg/foot?’ and ‘Right now, are you 
experiencing any complaints in the above mentioned 
body regions?’ 

No NO DEFINITION, NO REFERENCE 
TO ZAZA 
(only the descriptor PRMD) 

      
Matei and 
Ginsborg 
(2020) 

- - Two items on PRMDs were adapted from Ackermann 
and Driscoll (2010) 

No NO DEFINITION, NO REFERENCE 
TO ZAZA AND NOT CLEAR PRMD 
ASSESSMENT: not clear the edits to 
the questionnaire and the items used 

      
Möller et al. 
(2018)  

√2 - The musculoskeletal pain intensity and interference 
questionnaire for professional orchestra musicians 
(MPIIQM) was given to participants prior to 
measurements to rate pain intensity and pain 
interference […] (Berque et al., 2014) 

No NO DEFINITION, NO REFERENCE 
TO ZAZA  
(only MPIIQM) 

      
Sandell et al. 
(2009) 

- - The severity levels of PRMDs were measured 
according to a five-point Likert scale modified by Fry 
(1986). The survey described a scale where pain while 
playing was defined as grade 1 and persisting pain 
including loss of use of location due to disabling was 
defined as grade 5. In the present study responses 
were divided dichotomously into disorder or no 
disorder categories. A PRMD was identified when a 
subject indicated a pain severity grade of 1 and above 

No NO DEFINITION, NO REFERENCE 
TO ZAZA  
(only the descriptor PRMD) 

      
Shanoff et al. 
(2019) 

√2 - The survey was based on a previously designed and 
published survey by Berque (Berque et al., 2014), 
entitled ‘The Musculoskeletal Pain Intensity and 
Interference Questionnaire for Musicians (MPIIQM).’ 

No NO DEFINITION, NO REFERENCE 
TO ZAZA  
(only MPIIQM - adapted) 
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Silva et al. 
(2018) 

- - Appendix: If you had pain during the last year 
affecting your music playing performance, please 
answer the following questions regarding your pain 

No ANOTHER 
DEFINITION/QUESTION,  
NO REFERENCE TO ZAZA, 
(possibly) WRONG ACRONYM (i.e., 
PRMSDs) 

      
Steemers et 
al. (2020) 

√2 - The MPIIQM (Musculoskeletal Pain Intensity and 
Interference Questionnaire for Musicians) is a valid 
and reliable questionnaire and has good psychometric 
properties (Berque et al., 2014). A question on 
previous PRMDs (previous 12 months) and the 
subscales pain intensity and pain interference of 
PRMDs were extracted from this questionnaire. 
Previous PRMDs in the last 12 months were assessed 
with one question (yes/no) 

No NO DEFINITION, NO REFERENCE 
TO ZAZA  
(only MPIIQM - adapted) 

      
Steinmetz et 
al. (2012) 

- - The scale assessing the existence and frequency of 
PRMD has already been used in Samsel et al. 2006 

No NO DEFINITION, NO REFERENCE 
TO ZAZA, NOT CLEAR PRMD 
ASSESSMENT: questionnaire not 
relevant (Samsel et el., 2006, article 
in German, with no reference of Zaza 
et al. and no PRMD definition 

      
Yeung et al. 
(1999) 

√ √ The operational definition of a PRMC used in this study 
was developed by musicians in a qualitative study 
conducted by Zaza (Zaza, 1998; Zaza and Farewell, 
1997): ‘pain, weakness, numbness, tingling or other 
symptoms from playing that interfere with [their] ability 
to play the instrument at the level [they] are 
accustomed to.’ Pain or other symptoms that are 
caused by non-playing-related events are not 
considered to be PRMCs 

Yes  Although a different descriptor 
(PRMC) 

    
 
 

  

Yoshimura et 
al. (2006) 

- √ Pain associated with playing the piano:  No ANOTHER DEFINITION/QUESTION  
(but reference) 
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Do you experience pain when playing? Do you 
experience pain after playing? Does pain stop you from 
playing the piano? 
In this study, pain was conceptualized as one set of 
symptoms of a possible cluster of inter-related 
symptoms associated with playing-related 
musculoskeletal disorders (PRMD) as defined by Zaza 
et al. (1998)  

1Definition of Zaza et al.’s available in the questionnaire(s) included in the study’s appendix; 2Reference to a questionnaire publicly available with the 
definition of Zaza et al.; 3 Use of an adapted definition; *Zaza and Farewell, 1997. 

MPIIQM, Musculoskeletal Pain Intensity and Interference Questionnaire for Musicians; PRMCs, Playing-related musculoskeletal complaints; PRMD(s), 
Playing-related musculoskeletal disorder(s); PRMPs, Playing-related musculoskeletal problems; PRMSDs, Playing-related musculoskeletal disorders; 
VAS, Visual analogue scale.
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2.4 Discussion 

The aim of this systematic review was to explore the use of Zaza et al.’s definition in 

research studies investigating PRMDs, published between 1998 (i.e., the first 

acceptable definition of PRMDs by Zaza et al., 1998) and 2020. Besides the 

limitations of this definition, it was worthwhile to explore the use of the most 

recognised and the most frequently used definition (Stanhope et al., 2019a) in order 

to avoid continuing to nourish heterogeneity in this field of research. The concept 

underlying this definition is to capture those musicians affected by disorders that might 

have a significant limitation in function and a meaningful impact on musicians’ ability 

to play their instrument. This systematic review revealed 32 studies that investigated 

PRMDs among professional musicians or university-level music students. The 

inclusion of these two populations was chosen because the definition was 

operationalised with both professional musicians and university-level music students. 

However, whilst identifying university-level music students could be reasonably easy, 

there is a limitation in the classification of professional musicians because an 

operational definition with established criteria does not exist. It might be assumed that 

playing a musical instrument usually represents the primary employment and source 

of income for professional musicians, as opposed to other groups, for whom music is 

considered a hobby (e.g., amateur musicians). Additionally, as professionals’ financial 

livelihood as well as university-level students’ progress and successful future are 

directly proportionate to the ability to play, the average playing time is usually higher 

among these groups compared to amateurs (Kok et al., 2017). In fact, these people 

are usually accustomed to a minimum number of episodes of playing music, as their 

main occupational activity and not as a hobby. 

 

Consistently with the existing reviews (Baadjou et al., 2016; Bragge et al., 2006; Kok 

et al., 2016b; Silva et al., 2015; Stanhope et al., 2019a; Wu, 2007; Zaza, 1998), 

findings of the present systematic review revealed still a great heterogeneity, a lack 

of transparency and a large variability among studies, limiting the comparability of 

current evidence. Of the 32 included studies, only 11 studies used Zaza et al.’s 

definition in a correct way (Ackermann and Adams, 2004; Ackermann et al., 2002; 

Baadjou et al., 2018a; Berque et al., 2016; Bragge et al., 2008; Chan et al., 2014a, b; 

Cruder et al., 2020; Kenny and Ackermann, 2015; Kenny et al., 2018; Yeung et al., 

1999), explicitly stating the definition or referring to the qualitative study in which this 

definition was operationalised (Zaza et al., 1998) or the study where the definition 

appeared for the first time (Zaza and Farewell, 1997). However, in some cases, 
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adaptations were implemented by the authors mainly involving the addition of recall 

periods (Berque et al., 2016; Chan et al., 2014b; Kenny and Ackermann, 2015; Kenny 

et al., 2018) or the replacement of some words as Yeung et al. (1998), who replaced 

the work ‘disorder’ with ‘complaints’ or Berque et al. (2016), who replaced the word 

‘disorder’ with ‘problem’ in order to include most MSDs among musicians (Berque et 

al., 2014, 2016). Additionally, as Bragge and colleagues (2008) focused attention on 

pianists, they replaced the word ‘instrument’ with ‘piano’. Notwithstanding these 

adaptations, the definition does not seem to have lost its essence and meaning in the 

aforementioned studies.  

 

On the other hand, 21 studies failed to adopt the definition as developed and 

operationalised by Zaza and colleagues (Zaza et al., 1998). The reasons were based 

on the criteria pertaining to the reporting of the correct definition and/or the inclusion 

of the reference to Zaza et al. (1998) or Zaza and Farewell (1997) in the methods’ 

section or in the appendix. For instance, some studies lacked the reference to Zaza, 

albeit reporting the correct definition or a slight variation thereof (Ackermann et al., 

2012; Arnason et al., 2018; Kenny et al., 2016). Conversely, some studies used 

another definition/question while referring to Zaza (Kava et al., 2010; Yoshimura et 

al., 2006) or the use of another definition/question without referring to Zaza albeit 

using the term ‘PRMD’ (Lundborg and Grooten, 2018; Sandell et al., 2009; Silva et 

al., 2018). Additionally, Ling et al. (2018) reported Zaza et al.’s definition in the 

methods’ section but in the questionnaire available in the study’s appendix, the 

question was ‘During the last 6 months, have you experienced any discomfort which 

affects your piano playing?’, showing a discrepancy in the reporting of the outcome 

measure. Moreover, some authors did not refer to Zaza nor explicitly stated the 

definition in the methods’ section while using the MPIIQM developed by Berque et al. 

(2014), which contains the definition of Zaza (Möller et al., 2018; Shanoff et al., 2019; 

Steemers et al., 2020). However, in the case of Möller et al. (2018) it is unclear if the 

authors were interested in investigating PRMDs as the descriptor reported in the 

methods’ section was not consistent with those reported in the aims and the results 

(i.e., PRMDs). Consistently with a previous review (Stanhope et al., 2019a), for most 

of these studies, the manner in which PRMDs were assessed was unclear. For 

instance, De Greef et al. (2003) used a questionnaire that is not publicly available 

(WHQM), whereas Kaufman-Cohen and Ratzon (2011) used the Nordic 

Musculoskeletal Questionnaire (NMQ), also known as Standardised Nordic 

Questionnaire (SNQ), which is a well-known measure to identify MSDs in general or 
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associated with the occupation (Kuorinka et al., 1987). Additionally, Ackermann and 

colleagues (2011) used an adapted version of a questionnaire (Ackermann and 

Adams, 2003) that seems to investigate pain rather than PRMDs. Steinmetz et al. 

(2012) stated that ‘the scale assessing the existence and frequency of PRMDs has 

already been used in Samsel et al. (2006)’, which is only available in German and 

seems to identify work-related disorders rather than PRMDs. Moreover, some studies 

included generic or insufficient information in the methods’ section pertaining to 

PRMDs’ identification, not referring to Zaza and colleagues albeit using the word 

‘PRMD’ in the statistical analysis and in the results (Kochem and Silva, 2018) or in 

the appendix (Ling et al., 2016).  

 

An important finding of this literature review is that some studies included adaptations 

of existing questionnaires (Ackermann and Driscoll, 2010) but the edits were not 

sufficiently clarified (Khalsa and Cope, 2006; Khalsa et al., 2009; Matei and Ginsborg, 

2020), potentially limiting the interpretation of and comparisons between study results. 

Indeed, in every instance, these approaches might lead to potential 

misunderstanding, wrong conclusions or an incorrect synthesis of the evidence 

among the literature. For instance, the study of Matei and Ginsborg (2020) reported 

a lower occurrence of pain and PRMDs among musicians participating in the research 

in comparison with current evidence among the literature. However, these conflicting 

results might be the result of an inaccurate use of the questionnaires and outcomes. 

This is in line with previous evidence, showing frequent inconsistencies between 

outcomes and tools, as well as an inaccurate reporting of the outcomes or insufficient 

information pertaining to different kind of adaptations of existing questionnaires 

(Stanhope et al., 2019a). An accurate selection of appropriate measures as well as 

the quality of reporting and a careful description of methods are crucial for the 

replication and the comparison across studies (Stanhope et al., 2019a, b). As 

aforementioned, failing to select the appropriate measures and/or to communicate the 

approaches used to measure the outcomes would produce incorrect evaluation of the 

evidence even in future systematic reviews and meta-analysis. Indeed, the wide and 

complex conception of MSDs among musicians is reflected in the high variability 

regarding the assessment measures found in the performing arts medicine literature. 

However, in order to allow comparison between the studies and to be consistent 

among the relevant literature, the same assessment measures should be used, 

possibly seeking to record and monitor only those conditions that affect playing 

function.  
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Interestingly, 8 studies included in the definition the exclusion of mild transient aches 

or pains (Ackermann et al., 2002, 2012; Arnason et al., 2018; Berque et al., 2016; 

Chan et al., 2014a, b; Kenny et al., 2016; Ling et al., 2018), although in the original 

definition this aspect is not specified. However, it should be noted that in the first 

systematic review on PRMDs (Zaza, 1998), Zaza highlighted that the exclusion of 

mild, transient symptoms rendered the prevalence rates less variable and the 

estimates more accurate. Nonetheless, in this systematic review she had not yet 

adopted the definition that was operationalised in the same year (Zaza et al., 1998) 

where sought to precisely exclude those problems that were considered less 

important because did not interfere with musicians’ ability to play. Additionally, in 

contrast to the original definition containing ‘playing-related’ in the acronym for 

PRMDs, 11 studies used the word ‘performance-related’ (Ackermann et al., 2002, 

2011, 2012; Chan et al., 2014a, b; Kenny and Ackermann, 2015; Kenny et al., 2016, 

2018; Khalsa and Cope, 2006; Khalsa et al., 2009; Lundborg and Grooten, 2018). 

This might be attributed to the fact that ‘playing-related’ involves only instrumentalists 

while excluding other types of musicians (i.e., singers) (Stanhope et al., 2019a). 

However, the use of ‘performance-related disorders’ could have the important 

limitation of assuming that the disorders only concern a public performance (Stanhope 

et al., 2019a) and limiting data comparability across studies.  

 

The fact that there is no consistent use of Zaza et al.’s definition among the literature 

means that it is highly problematic to determine the true burden of these disorders 

among musicians and a consensus should be found to improve the quality of future 

research, incorporating recommendations within the current literature (Kok et al., 

2016b; Rotter et al., 2020; Stanhope et al., 2019a, b). Awareness of such 

inconsistencies and the overlap in the lexicon, as well as a critical appraisal of the 

definitions of musicians’ complaints might contribute to the development of 

standardised criteria and promote consistency among research in this field, while 

giving an overview of the current terms and methods used to identify musculoskeletal 

disorders and complaints among musicians. An improper identification may result in 

a host of negative repercussions on musicians’ playing, confusion between different 

conditions, the failure of symptom improvement and the lack of effective strategies to 

prevent those disorders that affect musicians’ ability to play their instrument, as well 

as the impossibility to compare data and results among studies. 
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2.4.1 Limitations 

This systematic review has compiled an interrogation of evidence investigating the 

use of PRMDs’ definition, including unique and original critical evaluations to facilitate 

accurate and thorough investigations of PRMDs among professional musicians and 

university-level music students. Nevertheless, there are limitations to be aware of 

when considering the findings. This systematic review was limited to studies 

published in English language and relevant studies might not have been included. 

However, it is important to remark that this review is focused on the use of PRMDs’ 

definition, which has been developed, operationalised and validated in English 

language. In addition, as the majority of studies focusing on PRMDs are in English, 

the findings of the present review would not be expected to change substantially. 

Conversely, the inclusion of studies in other languages might have increased the risk 

of language biases possibly due to different translations or cultural adaptations. 

Furthermore, although the identification of studies was based on predetermined 

inclusion criteria, only one reviewer assessed full-text articles for eligibility, with 

uncertainties checked by a second reviewer. While it could be accurate to assume 

that two reviewers might have reduced potential error of bias in the identification of 

the studies, evidence suggests that review findings do not substantially change when 

single extraction is performed with verification of a second reviewer (Buscemi et al., 

2006), and the latter could be hence considered an adequate approach (Shamseer et 

al., 2015).  

 

 

2.5 Conclusions and recommendations 

This systematic review sought to delineate the use of PRMDs’ definition among 

musicians and confirmed the heterogeneity and a lack of transparency in the literature 

described previously. Despite some exceptions, the contemporary literature shows 

ambiguity and inconsistency in the use of PRMDs’ definition that may lead to 

misunderstandings and impossibility to pool data. In order to avoid ambiguity as well 

as to facilitate data comparison, journals’ editors and reviewers, as well as 

researchers themselves, should strive to ensure that studies investigating PRMDs are 

conducted in a suitable way, with an appropriated and more detailed reporting of 

PRMDs’ identification and a correct reference, possibly disentangling PRMDs from 

MSDs in general. This will not only increase the quality of future research, but 

hopefully will stimulate the development of appropriate prevention strategies. Finally, 
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an appropriate use of Zaza et al.’s definition will also improve interpretation and 

understanding of the literature regarding PRMDs and will also enhance the ability to 

compare results across studies.  
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3 CHAPTER 3 

Research aims, questions and hypotheses 
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3.1 Introduction and aims 

The paucity of basic evidence relating to the aetiology, extent and impact of PRMDs, 

as well as the large heterogeneity of assessment approaches and outcomes alluded 

to within the previous chapters has given rise to the conceptual framework that has 

been developed for the programme of PhD research. It has evolved to incorporate 

recommendations within the current literature (Baadjou et al., 2016; Berque et al., 

2016; Kok et al., 2016b; Rotter et al., 2020; Stanhope et al., 2019a) that an effective 

way in which to accumulate information on PRMDs and on relevant candidate 

determinants, would be to conduct a longitudinal study, using a clear case definition 

and a specific outcome of interest that may allow data comparison, as well as 

validated and consistent research measures.  

 

The present thesis primarily aims to longitudinally identify factors associated with the 

onset of PRMDs within a large sample of students from pan-European music 

institutions during their professional training, addressing the lack of any similar type 

of data in the current literature (Baadjou et al., 2016; Kok et al., 2016b; Rotter et al., 

2020; Stanhope et al., 2019a, b). While necessarily involving musicians’ self-

perception of status, it nevertheless has the benefit of being able to reach a larger 

population sample, addressing an identified gap in the existing literature. Indeed, 

further goals were to monitor and characterise this large-scale study population of 

music students enrolled in different pan-European music institutions and to describe 

the prevalence and incidence in music students at different levels of training. 

Information from this thesis will help characterise the population of music students, 

especially in the transition between Pre-college and university-level, which represents 

a crucial moment for music students, having to adjust their technique and the amount 

of practice time in order to address the demands of a higher and much more 

competitive level of study. 

 

 

3.2 Research questions and hypotheses 

The aims posed the following research questions with the corresponding list of 

research hypotheses (see Table 3.1): 

 

 

 

Table 3.1 Research questions of the thesis and the corresponding hypotheses.  
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Research questions Primary hypotheses Chapter 

1. What are the main factors 

associated with increased risk 

of PRMDs in music students?  

(PRIMARY RESEARCH 

QUESTION) 

The onset of PRMDs is associated with 

a multitude of risk factors (e.g., gender, 

age, nationality, academic level, years 

of practice, history of MSK complaints, 

instrument played, practice behaviours, 

perceived exertion, fatigue, 

perfectionism, psychological distress, 

physical activity participatory level, 

hours of sleep, smoking and perceived 

health and BMI) among music students. 

CHAPTER 

7 

Secondary research questions Secondary hypotheses Chapter 

1. What is the prevalence of 

PRMDs among university-level 

students in comparison with Pre-

college students? 

There is a higher prevalence of PRMDs 

among university-level students in 

comparison with Pre-college students 

(transition between university-level and 

Pre-college). 

CHAPTER 

5 

2. Are there any differences in the 

factors associated with the 

general presence of MSK 

complaints (PRMDs or not) and 

factors specifically related to 

PRMDs in music students?  

There is a descriptive contrast amongst 

factors associated with the general 

presence of MSK complaints (PRMDs 

or not) and factors specifically related to 

PRMDs. 

CHAPTER 

5 

3. Are there any differences in the 

characteristics associated with 

current PRMDs among music 

students? 

Music students with current PRMDs 

differ from music students with current 

generic MSK complaints (non-PRMDs). 

CHAPTER 

6 

4. Are there any differences in the 

incidence of PRMDs among 

music students at different levels 

of music training? 

During their training, university-level 

music students develop a higher 

incidence of PRMDs in comparison with 

Pre-college students. 

CHAPTER 

7 

BMI, Body mass index; MSK, Musculoskeletal; PRMDs, Playing-related musculoskeletal 
disorders. 

 

In order to determine the conceptual framework of the thesis (see Figure 3.1), a critical 

evaluation of the literature including currently available factors and research gaps in 
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evidence has been undertaken (see Chapter 1). In addition, an attempt was made to 

define the key conceptual terms of the thesis, thereby incorporating recommendations 

within the literature to adopt a clear case definition (Rotter et al., 2020; Stanhope et 

al., 2019a) and to describe its use in the literature throughout a systematic review 

(see Chapter 2).  

 

Subsequently, in order to address the evidence gap regarding the lack of large-scale 

data on PRMDs, as well as to characterise the study population at baseline and form 

the basis for the longitudinal evaluation of the associated factors for the onset of 

PRMDs, a first baseline cross-sectional study will be conducted (see Chapter 5; 

Cruder et al., 2020). While aiming to maximise the sample size, this cross-sectional 

analysis of the baseline population will address secondary research questions 1 (i.e., 

‘What is the prevalence of PRMDs among university-level students in comparison with 

Pre-college students?’) and secondary research hypothesis 1 (i.e., ‘There is a higher 

prevalence of PRMDs among university-level students in comparison with Pre-college 

students’), as well as secondary research question 2 (i.e., ‘Are there any differences 

in the factors associated with the general presence of MSK complaints [PRMDs or 

not] and factors specifically related to PRMDs in music students?‘) and secondary 

research hypothesis 2 (i.e., ‘There is a descriptive contrast amongst factors 

associated with the general presence of MSK complaints [PRMDs or not] and factors 

specifically related to PRMDs’). 

 

Furthermore, a secondary cross-sectional analysis on baseline data, attempting to 

address secondary research question 3 (i.e., ‘Are there any differences in the 

characteristics associated with current PRMDs among music students?’) and 

secondary research hypothesis 3 (i.e., ‘Music students with current PRMDs differ from 

music students with current generic MSK complaints [non-PRMDs]’) will be 

conducted. Specifically, the analysis focuses on a sub-sample of music students with 

current painful MSK complaints at baseline, in order to describe the prevalence and 

the characteristics associated with current PRMDs (see Chapter 6). 

 

In order to achieve the overall aim of identifying the factors associated with the 

increased risk of PRMD onset among music students, addressing an identified gap 

among the literature, a longitudinal study will be conducted and reported in Chapter 

7. The latter seeks to address primary research question (i.e., ‘What are the main 

factors associated with increased risk of PRMDs in music students?’) and primary 
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hypothesis (i.e., ‘The onset of PRMDs is associated with a multitude of risk factors 

[e.g. gender, age, nationality, academic level, years of practice, history of MSK 

complaints, instrument played, practice behaviours, perceived exertion, fatigue, 

perfectionism, psychological distress, physical activity participatory level, hours of 

sleep, smoking and perceived health and BMI] among music students’). The factors 

included in the analysis as potentially correlated with the onset of PRMDs will be 

reported in Chapter 4 (i.e., methodology chapter) and consisted of the factors 

previously investigated in the literature (i.e., confirmatory factors – see Chapter 1, 

Section 1.3.1) and exploratory factors that have not been investigated yet. A further 

goal will be to assess PRMD incidence within 12 months, addressing the lack of any 

similar type of data in the current literature. The latter will address secondary research 

question 4 (i.e., ‘Are there any differences in the incidence of PRMDs among music 

students at different levels of music training?’) and secondary research hypothesis 4 

(i.e., ‘During their training, university-level music students develop a higher incidence 

of PRMDs in comparison with Pre-college students’). 

 

Finally, a final chapter (Chapter 8) will provide a culminating discussion pertaining to 

the main results derived from the studies and especially from the longitudinal 

analyses, alongside overall strength and limitations, as well as additional 

considerations with a particular attention to future direction of research in the field.
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Figure 3.1 Research conceptual framework with the main features included in the PhD programme. 

MSK, Musculoskeletal; PRMD(s), playing-related musculoskeletal disorder(s).
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4 CHAPTER 4 

General research methods 

 

Part of the content of this chapter has been published in BMC Musculoskeletal 

Disorders Journal with the title ‘A longitudinal investigation of the factors associated 

with increased RISk of playing-related musculoskeletal disorders in Music students 

(RISMUS): a study protocol’ (Cruder et al., 2019). 
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4.1 Introduction 

This chapter illustrates in detail the methodology used within the thesis. Specific 

information on individual studies is provided in the relevant study chapters. In depth 

information about the literature behind the use of the specific research measures and 

the scientific background behind the development of the main study protocol can be 

found in Chapter 1 and Chapter 2.  

 

 

4.2 Study design 

A longitudinal observational study with 6- and 12-month follow-ups was employed to 

obtain self-reported data from a large population of music students of different pan-

European university schools to address primary and secondary research questions.  

As longitudinal studies can identify temporal associations between potential risk 

factors and outcome (Mann 2003), this research design was considered to be suitable 

to address the aims of the PhD programme. Indeed, a longitudinal observational study 

is a research design that involves repeated cross-sectional observations of a cohort 

with similar characteristics (Shadish et al., 2002). This study was observational in the 

sense that the researcher measured over a period of time a multitude of variables, 

without manipulating them (Mann, 2003). Additionally, the vast majority of 

observations were acquired using quantitative approaches and scales of 

measurement. Furthermore, such an approach to a design of research appeared to 

be congruent with the logistical availability of relevant populations, while at the same 

time, offering a route to the manageable delivery of high-quality data within a 

prescribed and fixed time-scale. 

 

 

4.3 Philosophical assumptions 

According to Creswell and Poth (2018), ‘Whether we are aware of it or not, we always 

bring certain beliefs and philosophical assumptions to our research’ (p. 15) as they 

affect how researchers usually seek evidence to answer questions, plan to investigate 

issues, design research, collect and analyse data, as well as the way they evaluate 

their studies. There are different philosophical positions in relation to the nature of 

knowledge and truth, and therefore various related methodologies and frameworks 

employed to study and identify this knowledge exist. Hence, since ontological and 

epistemological assumptions might somehow justify the choice of methodology 

employed in a research study, it is important to understand them thoroughly in order 
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to organise the collection of data and interpretation of the results on the basis of the 

most appropriate ontological (i.e., nature of reality) and epistemological (i.e., the 

theory of knowledge) assumptions (Bryman, 2004; Crotty, 1998).  

 

The philosophical assumptions underlying this research come from the positive 

tradition, which, from an ontological point of view, implies that a single reality can be 

observed, understood and measured (Park et al., 2020). Subsequently, predictions 

and hypotheses can be formulated on the basis of previously observed phenomena 

and their interrelationships, adopting a hypothetico-deductive model (Park et al., 

2020). As such, the positivist position argues that scientific knowledge is derived from 

facts, while its ontology holds the reality as independent of social construction 

(Walsham, 1995). Additionally, quantitative epistemology implies that knowledge 

must be described objectively (i.e., researchers cannot influence or being influenced 

by the phenomena that are investigated) and repeatedly in order to identify 

relationships between phenomena in the social world (Levin, 1988). As for the present 

study, it is theoretically positivist because there is a relatively emphasis on a priori 

hypotheses and involves measurable variables to determine if the hypotheses are 

supported or not. Specifically, the researcher hypothesises that suggested factors 

might have an influence in the risk for PRMD development and will verify her 

hypotheses using a quantitative research and statistical analysis of data. The latter 

are usually employed to draw inferences from the data about existing relationships, 

often verified quantitatively (Park et al., 2020) and therefore studying more variables 

at one time through the use of questionnaires amongst large samples (Bryman, 2004).  

 

 

4.4 Study centres and recruitment  

One hundred conservatories and universities of music in Europe (Table 4.1) were 

invited to participate in this study and fifty-six of those approached institutions 

accepted participation by circulating the recruitment e-mail with the link to a web-

based questionnaire to their student groups. In case of non-response, a reminder e-

mail was sent 3 weeks after the first email. 

 

The recruitment e-mail (see Appendix III) contained information about the study, a 

participant information sheet (see Appendix IV) and the link to the web-based 

questionnaire site. Firstly, the link directed interested students to an electronic written 

consent form (see Appendix V), which had to be completed and signed before they 
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were permitted to proceed to the completion of the web-based questionnaire (see 

Appendix VI). Afterwards, students were invited for reassessment at 6 and 12 months 

(Appendix VII), between April and June 2019 and between November 2019 and 

January 2020 respectively, to record the development of new cases of PRMDs within 

a period of a year. 

 

Table 4.1 Distribution of the study centres participating in the recruitment. 

Country City Music university / conservatory 

Austria Eisenstadt  Joseph Haydn Konservatorium  

 Innsbruck Tiroler Landeskonservatorium  
 

Linz Anton Bruckner Privatuniversität 

 Salzburg Universität Mozarteum 

 Wien Universität für Musik und darstellende 

Kunst 

Belgium Antwerp Royal Conservatoire Antwerp 

 Hasselt Robert Schumann Hochschule  
 

Namur Institut supérieur de musique et de 

pédagogie 

Denmark Copenhagen Royal Danish Academy of Music 
 

Odense Danish National Music Academy  

Estonia Tallinn Estonian Academy of Music and Theatre 

Finland Helsinki Sibelius Academy (Uniarts)  

France Bordeaux Pôle d'Enseignement Supérieur de la 

Musique et de la Danse 
 

Lille École Supérieure Musique et Danse Hauts 

de France 

 Paris Conservatoire national supérieur de 

musique et de danse 

Germany Dresden Hochschule für Musik Carl Maria von 

Weber 

 Düsseldorf Robert Schumann Hochschule 
 

Frankfurt Hochschule für Musik und Darstellende 

Kunst 

 Hamburg Hochschule für Musik und Theater 

 Karlsruhe Hochschule für Musik Karlsruhe 

 Leipzig Hochschule für Musik und Theater Felix 

Mendelssohn Bartholdy 

 Lübeck Musikhochschule Lübeck 
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 Osnabrück Universität Osnabrück 

 Stuttgart Hochschule für Musik und Darstellende 

Kunst 

 Weimar Hochschule für Musik Franz Liszt 

Iceland Reykjavík Iceland University of Arts 

Ireland Cork Cork School of Music 
 

Dublin Royal Irish Academy of Music 

Italy Cast.Veneto Conservatorio A. Steffani 

 Ferrara Conservatorio G. Frescobaldi 

 Fiesole Scuola di alto perfezionamento 

 Milano Conservatorio G. Verdi 

 Novara Conservatorio G. Cantelli  

 Parma Conservatorio A. Boito 

 Piacenza Conservatorio G. Nicolini 

 Roma Conservatorio S. Cecilia 

 Salerno Conservatorio G. Martucci 

Latvia Riga Jazeps Vitols Latvian Academy of Music 

Portugal Porto Escola Superior de Música e Artes do 

Espetáculo 

Scotland  Glasgow Royal Conservatoire of Scotland 

Spain Alicante Conservatorio Superior de Música Òscar 

Esplà 
 

Las Palmas  Conservatorio Superior de música de 

Canarias 

 Madrid Real Conservatorio Superior de Música 

 Murcia Conservatorio Superior de Música Manuel 

Massotti 
 

S. Sebastián Musikene 

 Sevilla Conservatorio superior de música Manuel 

Castillo 

 Vigo Conservatorio Superior de Música 

Sweden Malmö Malmö Academy of Music 

 Göteborg Academy of Music and Drama 
 

Stockholm Royal College of Music - Kungliga 

Musikhögskolan 

Switzerland Basel Hochschule für Musik  

 Bern Hochschule der Künste  

 Lugano  Conservatorio della Svizzera italiana 

 Luzern Hochschule Luzern - Musik 

The Netherlands Amsterdam  Conservatorium van Amsterdam  
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 Maastricht Conservatorium Maastricht 

 

 

4.4.1 Participants 

A convenience sample of adult students playing a musical instrument commonly used 

in classical music as a main subject were considered if they were men and women 

over 18 years of age; Pre-college students in years 3 or 4; Bachelor of Arts students 

in years 1, 2 and 3 and Master of Arts students in years 1, 2, 3, 4; students attending 

gap year programmes or continuing education courses. For most aspects of the 

thesis, the latter description of participants holds true. However, where there have 

been deviations, these have been described within the relevant methodological 

section. 

 

Additionally, according to their playing posture and arm position while playing, 

participants were allocated into six groups (see Table 4.2): music students playing 

musical instruments with both arms elevated in a frontal position (i.e., harp, trombone, 

and trumpet); music students playing musical instruments with both arms elevated in 

the left quadrant position (i.e., viola, violin); music students playing musical 

instruments with only the left arm elevated (i.e., cello, double bass); music students 

playing instruments with only the right arm elevated (i.e., flute, guitar); music students 

playing instruments in a neutral position, without the elevation of arms (i.e., accordion, 

bassoon, clarinet, euphonium/tuba; French horn, harpsicord, oboe, organ, 

percussion, piano, recorder, saxophone); singers.  

 

Table 4.2 Playing-position categories for instruments according to Kok et al., 2017 and 

Nyman et al, 2007. 

Category Instruments included in the category 

Elevated both frontal Harp, trombone, trumpet 

Elevated both left Viola, violin 

Elevated left Cello, double bass 

Elevated right Flute, guitar 

Neutral Accordion, bassoon, clarinet, euphonium/tuba, French horn, 

harpsicord, oboe, organ, percussion, piano, recorder, 

saxophone 

Singers  

Elevated both frontal: Music students playing musical instruments with both arms elevated in 
a frontal position (i.e., harp, trombone, and trumpet); Elevated both left: Music students playing 
musical instruments with both arms elevated in the left quadrant position (i.e., viola, violin); 
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Elevated left: Music students playing musical instruments with only the left arm elevated (i.e., 
cello, double bass); Elevated right: Music students playing instruments with only the right arm 
elevated (i.e., flute, guitar); Neutral: Music students playing instruments in a neutral position, 
without the elevation of arms (i.e., accordion, bassoon, clarinet, euphonium/tuba; French horn, 
harpsicord, oboe, organ, percussion, piano, recorder, saxophone). 

 

 

The arm position was classified as elevated when ≥ 40˚ abduction and/or ≥ 40˚ 

forward flexion occurred while playing, whereas all other positions were categorised 

as neutral (Kok et al., 2017; Nyman et al., 2007). The current study used the original 

classification of risk associated with an elevated arm position (≥ 40˚) (Nyman et al., 

2007) further adapted by Kok et al. (2017) with the inclusion of an additional criterion 

consisting in the asymmetrical elevation on the left or right side but refined by the 

inclusion of two categories (i.e., ‘both arms elevated in a frontal position’ and ‘both 

arms elevated in the left quadrant position’) alongside ‘both arms elevated’ (Kok et 

al., 2017). Moreover, an additional category for singers has been employed due to 

the specific characteristics of their musical practice (Cruder et al., 2018). 

 

 

4.5 Ethical considerations 

Ethical approval for the study was granted by the Research Ethics Committee of 

Queen Margaret University of Edinburgh (REP 0177) (see Appendix II). This study 

conformed to requirements of the Declaration of Helsinki, and the protocol was 

registered with the Clinical Trials.gov Protocol Registration and Results System 

(NCT03622190; registration date 09/08/2018). Recruitment bias was minimised 

because the researchers had no connection with the students until they did provide 

informed consent and completed the web-based questionnaire. Personal information 

provided through informed consent and participants’ data collected through the web-

based questionnaire, was stored separately. Furthermore, anonymity of participants 

has been guaranteed when collecting information, analysing data or publishing in 

scientific journals. Nevertheless, data were used for research purposes only and 

disclosure to third parties has been prohibited. Any information from the study that 

has been disseminated had names removed so that individual participants could not 

be identified. The research project was carried out converting and transferring 

established paper-based questionnaires onto an e-format for online use in the 

SurveyMonkey® software. Nonetheless, participants’ confidentiality was ensured by 

assigning a unique identification code number to every participant who completed the 

web-based questionnaire. Their username was a code that they had to create to 
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ensure anonymity and consisted of the day of their birthday and first three letters of 

their favourite composer. Although unlikely, it could have been a case of a student 

forgetting this information before starting the completion of the web-based 

questionnaire after 6 and 12 months (i.e., the follow-ups). For this reason, other 

information as the height and the weight, as well as the instrument were asked again 

in the first and second follow-up, in order to help in matching baseline data with data 

from the follow-ups. Nevertheless, personal information data were kept in a record 

stored on a password-protected laptop and deleted as soon as data collection 

finished. Data generation, transmission, storage and analysis of health-related 

personal data within the project followed strictly the current legal requirements for data 

protection, which were guaranteed by handling data with uttermost discretion and it 

only being accessible to authorised personnel (i.e., the research team). Indeed, 

primary data and other supporting materials created or gathered in the course of the 

work were shared with the supervisors only. 

 

Although the researcher did not expect any significant discomfort experienced 

completing the online survey, if respondents might have felt distressed or experienced 

discomfort in answering questions about themselves (i.e., questions on pain, 

psychological traits), they were advised to speak with their medical practitioner. In 

addition, participants were informed that they could omit items they did not wish to 

answer and that they could contact the researcher at any time. However, all efforts 

were made to safeguard their safety and comfort.  

 

 

4.6 Study protocol 

The research study was conducted through the following three phases (see Figure 

4.1):  

(1) Phase 1: baseline (i.e., cross-sectional description of the study population)  

(2) Phase 2: 6-months follow-up investigation 

(3) Phase 3: 12-months follow-up investigation 

  

During Phase 1 (i.e., baseline), in order to describe the study population, music 

students (both Pre-college and university-level) were coded according to their MSK 

health status in the past 12 months as a variable to be used amongst the whole 

sample. In addition, in order to examine the characteristics specifically associated with 

PRMDs, a sub-analysis was conducted on participants reporting current MSK 
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complaints. Afterwards, in order to identify the factors associated with the onset of 

PRMDs among participants, the cohort of music students without PRMDs at baseline 

was followed and reassessed at 6 months (i.e., Phase 2) and 12 months (i.e., Phase 

3). 

 

 

Figure 4.1 Research planning chart including main features of the cross-

sectional studies and longitudinal study. 

MSK, Musculoskeletal; PRMDs, Playing-related musculoskeletal disorders. 

 

4.7 The web-based questionnaire 

The web-based questionnaire was constructed using the environment provided by 

SurveyMonkey®, to which the various research measures were customised. Firstly, 

a welcome page provided an opportunity to give an informed consent (see Appendix 

V) immediately after reading through the general information (see Appendix IV).  

 

The web-based questionnaire started with a first general section (see Figure 4.2) 

containing questions about demographics and personal background, such as age, 
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gender, nationality, self-reported weight and height, smoking status and sleeping 

habits. Afterwards, the first section comprised questions pertaining to participants’ 

playing activity, such as the musical instrument played and the academic level, the 

number of hours of practice and years of experience, as well as the perceived exertion 

after 45 minutes of practice without breaks rated on a Visual Analogue Scale from 0 

(very low) to 10 (very high). Additionally, any changes in the technique, instrument or 

Professors in the preceding 6 months were investigated. Participants’ practice habits 

were investigated by asking them whether they were used to start their practice with 

preparatory exercises, and, in the case of a positive answer, the duration (in minutes) 

was recorded. Another aspect regarding practice habits, such as taking active breaks 

during practice to restore body posture or to allow active muscles to relax, was asked 

and was recorded in terms of duration and frequency (both parameters were recorded 

in minutes). Finally, perceived health status was self-reported using the Self-Rated 

Health (SRH) (Subramanian et al., 2010) and participants’ health history was self-

evaluated with questions regarding current medication, major past injuries/accident 

as well as disabling neurological and/or rheumatic and/or psychological disorders and 

any surgeries of the upper limbs and/or limbs in the preceding 12 months in order to 

check the exclusion criteria. 

 

 

Figure 4.2 Procedure of the web-based questionnaire of the longitudinal study.  

CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and Flett’s Multidimensional 
Perfectionism Scale – short form;  IPAQ-SF, International Physical Activity Questionnaire – 
short form; K10, Kessler Psychological Distress Scale; MSK, musculoskeletal; NMQ, Nordic 
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Musculoskeletal Questionnaire; PAS Q-DASH, Performing Arts section of the Quick 
Disabilities of the Arm, Shoulder and Hand Outcome Measure; PDI, Pain Disability Index; 
PRMD, Playing-related musculoskeletal disorder; PSEQ-2, 2-item short form of the Pain Self-
efficacy Questionnaire; SRH, Self-Rated Health; VAS, Visual Analogue Scale. 

 

 

Afterwards, in order to divide the cohorts and thus offer a way of directing participants 

to different sections of the questionnaire, the following question was asked: ‘When did 

you last experience any painful musculoskeletal complaint?’ with the following list of 

possible answers: 

1) I currently have a painful musculoskeletal complaint (up to one month) 

2) 2–3 months ago 

3) 4–6 months ago 

4) Up to 12 months ago 

5) More than 12 months ago 

6) I have never had any painful musculoskeletal complaints 

 

Depending on the answer to this question, participants were directed to different 

sections (i.e., web pages) throughout the questionnaire (see Figure 4.2). The second 

section was entirely dedicated to participants with a current painful MSK complaint 

(up to one month), who were asked to answer further questions to describe better 

their condition, before proceeding to the third (and last) section.  

 

The second section started with a question on duration of their current painful MSK 

complaint, followed by a question asking participants to describe the pattern of their 

MSK complaint, choosing between ‘continuous steady constant’, ‘rhythmic periodic 

intermittent’ and ‘brief momentary transient’. These two questions were followed by 

the question according to Zaza et al. (1998) to identify a PRMD and a question that 

referred whether the perceived cause of their complaints was attributed to the musical 

activity, as well as an open question to specify their perceived cause of their MSK 

complaint. Afterwards, participants were asked to rate the intensity of their MSK 

complaint on a Visual Analogue Scale (VAS), as well as to indicate the type of their 

MSK complaint choosing from a selected list containing different symptoms (e.g., 

numbness, stiffness, aching, cramping) and the location of their MSK complaint. This 

section continued with the Performing Arts Section (PAS) of the Quick Disabilities of 

the Arm, Shoulder and Hand Outcome Measure (Quick DASH) (Beaton et al., 2005; 

Hudak et al., 1996) and the Pain Disability Index (PDI) (Chibnall and Tait, 1994; 

Pollard, 1984; Tait et al., 1990) to assess their disability, as well as the 2-item short 
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form of the Pain Self efficacy Questionnaire (PSEQ-2) (Nicholas et al., 2015) to 

assess their self-efficacy and the Nordic Musculoskeletal Questionnaire (NMQ) 

(Kuorinka et al., 1987) for the assessment of MSK symptoms and their location in the 

previous 12 months. 

 

On the other hand, before proceeding to the third section, participants without any 

current painful MSK complaint but a positive history of it in the past 12 months (i.e., 

2–3 months ago, 4–6 months ago or up to 12 months ago) were asked to answer a 

question on pain management investigating how their complaint had been managed 

to evaluate the clinical or natural course of their complaint, a question referring to 

whether the perceived cause of their past complaints was attributed to the musical 

activity, followed by the question according to Zaza et al. (1998) to identify a PRMD. 

Subsequently, participants were asked to complete the NMQ (Kuorinka et al., 1987) 

for the assessment of MSK symptoms and their location in the previous 12 months. 

 

Participants without any painful MSK complaint and participants with a positive history 

of MSK complaints more than 12 months ago were directly addressed to the third 

section, which included the following measures: International Physical Activity 

Questionnaire – short form (IPAQ-SF) for the assessment of physical activity 

participation levels (Lee et al., 2011; Palmer et al., 1999; van Poppel et al., 2010), 

Kessler Psychological Distress Scale (K10) for the assessment of psychological 

distress (Kessler et al., 2002), Multidimensional Perfectionism Scale – short form 

(HFMPS-SF) for the assessment of perfectionism (Hewitt et al., 1991, 2008), and the 

Chalder Fatigue Scale (CFQ 11) for the assessment of fatigue (Chalder et al., 1993). 

 

 

4.8 Description of research measures 

The web-based questionnaire included different self-reported research measures, 

which are divided in the main outcome (i.e., PRMDs – see Table 4.3), self-reported 

measures for the assessment of pain and function (see Table 4.4) to define the impact 

of the condition on the population, and self-reported measures deemed to be potential 

risk factors for the development of PRMDs (see Table 4.5). 

 

Table 4.3 Definition of the outcomes. 

Outcome Case definition (criteria for the health condition) 
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PRMDs Any painful musculoskeletal complaint that, according to Zaza et al.’s 

definition (1998), interfere with the ability to play an instrument at the 

level to which participants are accustomed  

MSK complaints Any disease of the musculoskeletal system and connective tissue 

according to the ICD-10 (WHO, 2016) that did not interfere with the 

ability to play the instrument at the level to which participants were 

accustomed 

ICD, International Statistical Classification of Diseases and Related Health Problems; MSK, 
Musculoskeletal; PRMDs, Playing-related musculoskeletal disorders; WHO, World Health 
Organisation.  

 

 

 

 

 

 

Table 4.4 Self-reported measures for the assessment of pain and function. 

Domain of MSK symptoms Self-reported measures 

Characteristics and location NMQ 

Intensity  VAS 

Playing-related disability  PAS Q-DASH 

Disability  PDI 

Pain self-efficacy PSEQ-2 

MSK, Musculoskeletal; NMQ, Nordic Musculoskeletal Questionnaire; PAS Q-DASH, 
Performing Arts section of the Quick Disabilities of the Arm, Shoulder and Hand Outcome 
Measure; PDI, Pain Disability Index; PSEQ-2, 2-item short form of the Pain Self-efficacy 
Questionnaire; VAS, Visual Analogue Scale. 

 

 

Table 4.5 Self-reported measures deemed to be potential risk factors for the 

development of PRMDs. 

Potential risk factor Self-reported measures 

Health status SRH 

Physical activity level IPAQ-SF 

Anxiety and depression K10 
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CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and Flett’s Multidimensional 
Perfectionism Scale – short form; IPAQ-SF, International Physical Activity Questionnaire – 
short form; K10, Kessler Psychological Distress Scale; SRH, Self-Rated Health. 

 

 

4.8.1 Main outcome 

The main outcome, specifically the most important among the many outcomes that 

were examined in the study (Andrade, 2015), was PRMD, which is a collective term 

that was defined by Zaza et al. (1998) as ‘pain, weakness, lack of control, numbness, 

tingling or other symptoms that interfere with your ability to play your instrument at the 

level you are accustomed to’ (see Chapter 2). In relation to the concept of PRMD, its 

definition developed by Zaza et al. has been adopted in the present study to focus on 

the impact of how existing musculoskeletal conditions and symptoms might influence 

the way in which music can be played, practised and performed, rather than solely 

investigating music students’ musculoskeletal complaints. In addition, the use of an 

operationalised and validated definition could help in the interrogation of the literature, 

by offering comparability with data from studies already published in this area, as 

mentioned in the conclusions of the systematic review (see Chapter 2). The last point 

was particularly important because, as widely discussed in Chapter 1 (see Section 

1.3), the extensive heterogeneity of types of methods and definitions already evident 

amongst the literature has made synthesis of the evidence limited if not impossible 

(Kok et al., 2016b; Rotter et al., 2020). Despite the limitations that this definition might 

have (e.g., PRMDs are not able to address all MSK health-related aspects) and the 

fact that another gold standard definition for MSK complaints related to musicians’ 

playing activity does not currently exist (Kok et al., 2016b), it was felt that it would be 

both a useful and reasonable strategy to adopt the best definition currently available 

(Stanhope et al., 2019a), while offering a reasonable approach to a step-forward 

compared to what might have conducted before. In addition, it has been shown that, 

as it is designed as an independent variable (Zaza, 1995), this definition could be 

used as an operational outcome definition in quantitative studies investigating risk 

factors for the development of PRMDs (Zaza and Farewell, 1997; Zaza et al., 1998). 

 

Nevertheless, in order to record and monitor painful complaints that affect playing 

function, the distinction between PRMDs and non-PRMDs was very important 

Perfectionism HFMPS-SF 

Fatigue CFQ 11 
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because it allowed descriptive contrast amongst factors associated with the general 

presence of MSK complaints and factors specifically related to PRMDs. 

 

 

4.8.2 Self-reported measures for the assessment of pain and function 

Assessing MSK complaints implies that a number of criteria should be considered, 

such as type (i.e., pain, tingling and numbness), intensity, location and duration of 

symptoms, as well as disability and physical function. The selection of research 

measures for the assessment of MSK complaints was based on the International 

Classification of Functioning, Disability and Health (ICF) framework (WHO, 2002) 

mentioned in Chapter 1 (see Section 1.3.1), thereby considering their characteristics 

(e.g., location, intensity, type, duration of symptoms), as well as the impact of these 

conditions on musicians’ activity (i.e., participation limitation in rehearsals or concerts) 

and the consequences that these conditions might have on their functional ability 

(e.g., playing-related disability, general disability and pain self-efficacy).  In order to 

address methodological gaps identified in the literature and thus to ensure a better 

quality of the methodology (Baadjou et al., 2016; Kok et al., 2016b; Rotter et al., 2020; 

Stanhope et al., 2019a), the present study involved different validated outcome 

measures, which are described in the next sub-sections.   

 

 

 Nordic Musculoskeletal Questionnaire (NMQ) 

In order to assess the 12-month prevalence and the location of musculoskeletal 

symptoms, the general section of the Nordic Musculoskeletal Questionnaire (NMQ) 

was used. The original version, published by a team of Scandinavian researchers 

(Kuorinka et al., 1987) and supported by the Nordic Council of Ministers, consisted of 

28 structured, binary or multiple-choice questions, structured in two well- separated 

sections. The first general section was developed mainly to investigate the 12-month 

prevalence and the location of musculoskeletal troubles in nine different anatomical 

areas of the human body (i.e., neck, shoulders, upper back, elbows, low back, 

wrist/hands, hips/thighs, knees and ankles/feet), represented by a map of the body 

depicted from the back (see Figure 4.3).  
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Figure 4.3 The anatomical areas and the layout of the original Nordic Questionnaire 

(Kuorinka et al., 1987). 

 

These nine areas were selected because symptoms typically tend to accumulate in 

these areas and are easily distinguishable by both the patient and the researcher or 

the health professional (Kuorinka et al., 1987). In the original version, the second 

section of the NMQ included specific questions regarding lifetime and point 

prevalence (i.e., 7 days), hospitalisation, duration, jobs/duties changing and reduction 

due to troubles only for the neck, shoulders and back. In 2001, the Canadian Institut 

de recherche Robert-Sauve en santé et en sécurité du travail (IRSST), with the 

collaboration of Kuorinka, edited an extended version of the second section of the 

questionnaire, including also the remaining anatomical areas (Forcier et al., 2001). As 

the NMQ does not provide an overall score, each anatomical area was attributed a 

value of ‘1’ if the participant indicated MSK symptoms in that area and ‘0’ in the 

absence of MSK symptoms. The values attributed to each area were further summed 

to obtain a global number of affected areas for each participant. Being one of the most 

frequently used questionnaires for the analysis of musculoskeletal symptoms 

(Descatha et al., 2007; López-Aragón et al., 2017), NMQ was considered repeatable, 

sensitive and useful as a screening and surveillance tool (Crawford, 2007; Palmer et 

al., 1999). In relation to its reliability, it was considered moderate to good (kappa 
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values between 0.51 and 0.68) (Dahl et al., 2022) and excellent with Cronbach's 

Alpha value above 0.945 (Chairani, 2020). In addition, the results of the construct 

validity test revealed a similarity of 100% (Chairani, 2020) and 80% to 100% (Kuorinka 

et al., 1987) between the NMQ and clinical history. Furthermore, according to Pugh 

et al. (2015), it demonstrated a good agreement for all body areas with a kappa 

statistic of 0.86 for prevalence questions (i.e., first section). Moreover, Pugh and 

colleagues verified the usability of the online version of the questionnaire and found 

no difference compared to a paper version (Pugh et al., 2015).  

 

 

 Visual Analogue Scale (VAS) 

The intensity of PRMDs and MSK symptoms reported by participants was obtained 

using a Visual Analogue Scale (VAS). It is a widely used instrument that measures 

the intensity or frequency of a wide range of symptoms both in epidemiologic and 

clinical research samples (Izumi et al., 2014; Palsson and Graven-Nielsen, 2012; 

Paul-Dauphin et al., 1999; Susana et al., 2021). This scale is typically represented by 

a straight horizontal line of fixed length (usually 100 mm), where participants are 

asked to mark the point that represents better their perception of the intensity of their 

MSK symptom. The VAS is usually orientated from the left (i.e., no pain) to the right 

(i.e., the worst imaginable pain) and is usually completed by participants or patients 

themselves by marking on the line the point that represents their self-reported 

intensity.  Subsequently, the score is determined by measuring the distance in mm 

on the line from the left-hand side anchor to the point that has been marked by the 

patient (Gould et al., 2001) and thus providing a range score from 0 to 10, with higher 

scores indicating higher intensity of symptoms. In the present study, as it involved a 

web-based questionnaire, the typology of question used in the survey-building tool 

was a slider with the possibility to assign scale range labels (from 0 to 10), determine 

starting position (i.e., left side, centre and right side) and hide numerical input boxes. 

Furthermore, the VAS is supported by evidence of its moderate to good reliability in 

patients with chronic musculoskeletal pain (Boonstra et al., 2008) and high construct 

validity, with correlations varying from 0.71-0.78 and 0.62–0.91 (Carlsson, 1983; 

Downie et al., 1978). 

 

 

 Performing Arts Section of the Quick Disabilities of the Arm, Shoulder and 

Hand (DASH) questionnaire 
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The disability related to upper extremity musculoskeletal disorders and PRMDs was 

monitored using the Performing Arts Module (PAM) included in the short form (Quick) 

of the original 30-item Disabilities of the Arm, Shoulder, and Hand (DASH) (Beaton et 

al., 2005; Hudak et al., 1996).  

The Quick DASH comprises two sections: the 11-item disability/symptom section and 

the two optional modules that are designed for athletes and performing artists or other 

occupational groups with high levels of physical performance required by their 

profession (Beaton et al., 2005). The PAM consists of four questions evaluating the 

impact of the arm, shoulder or hand problem on playing a musical instrument over the 

preceding week (e.g., ‘Did you have any difficulty playing your musical instrument as 

well as you would like?’). Respondents have to rate each item on the basis of their 

experience on a 5-point Likert-type scale, increasing from 1 to 5 in level of 

difficulty/severity (i.e., ‘1 No difficulty’, ‘Mild difficulty’, ‘Moderate difficulty’, ‘Severe 

difficulty’, ‘Unable’). The scoring system of the entire Quick DASH allows the 

evaluation of an isolated and specific score for the PAM, to which the same steps for 

the 11-item disability/symptom section are applied. The values for each response are 

simply summed and divided by four (i.e., the number of items). The resulted value is 

then subtracted by 1 and multiplied by 25 (see Equation 3.1, where n equals the 

number of completed responses), in order to generate a separate score out of 100, 

where higher scores indicate greater disability. 

 

Equation 4.1 Manual score calculation for the Performing Arts Module (PAM) of the 

Quick Dash. 

= ([
𝑠𝑢𝑚 𝑜𝑓 𝑛 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒𝑠

𝑛
] − 1) × 25 

 

 

As each of the two optional modules consists of only four items, in the case of more 

than one item (i.e., 10 per cent of the four items) not being answered by the 

respondent, a score would not be calculated because no missing values are tolerated 

in the optional modules (Quick Dash Information for Users, 2006). According to 

Baadjou et al. (2018a), the PAM seems to be more sensitive than the DASH among 

music students and can be used as an independent outcome measure. In their study 

regarding the psychometric properties of the PAM, both internal consistency 

(Cronbach’s alpha equalled 0.893) and discriminative validity between subjects with 

PRMDs and non-PRMDs were good, and a moderate construct validity was found. In 
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relation to the latter, a significantly higher score was found in musicians with PRMD 

in comparison to musicians without PRMD (Baadjou et al., 2018a). 

 

 

 Pain Disability Index 

Non-specific (i.e., independent from region of pain) pain-related disability was 

evaluated using the Pain Disability Index, which is a widely used instrument 

developed at St. Louis University Medical Centre (Chibnall and Tait, 1994; Pollard, 

1984; Tait et al., 1990) for the evaluation of the impact that pain has on the ability of 

an individual to participate in different daily-life activities. This questionnaire consists 

of seven items assessed on a 0-10 numeric rating scale, where 0 represents no 

disability and 10 is maximum disability (i.e., ‘worst disability’). Each item corresponds 

to a category related to different daily-life activities: (1) family and home 

responsibilities: activities related to home and family (2) recreation: hobbies sports 

and other leisure time activities (3) social activity: participation with friends and 

acquaintances other than family members (4) occupation: activities partly or directly 

related to working including housework or volunteering (5) sexual behaviour: 

frequency and quality of sex life (6) self-care: personal maintenance and independent 

daily living (e.g., bathing, dressing) (7) life-support activity: basic life-supporting 

behaviours (e.g., eating, sleeping, breathing) (Chibnall and Tait, 1994; Pollard, 1984; 

Tait et al., 1990). The sum of the values assigned to each item was the total score of 

the PDI, which ranges between 0 and 70, where higher scores indicating greater 

disability (i.e., interference of pain with daily-life activities). Items that were left blank 

(i.e., missing items) were inputted as the means values of the remaining items, 

according to a study aiming at validating the PDI extensively in patients with 

musculoskeletal pain (Soer et al., 2013) and another study using the PDI in patients 

with chronic musculoskeletal pain (Beemster et al., 2018). Besides, according to the 

aforementioned studies, if more than one question was omitted, the overall score was 

not calculated. According to Tait et al. (1990), the PDI was shown to be internally 

consistent (Cronbach alpha equalled 0.87) and a reliable measure for pain-related 

disability, with test-retest reliability of 0.44.  

 

 

 2-Item Short Form of the Pain Self-Efficacy Questionnaire (PSEQ-2) 

Self-efficacy was evaluated by the 2-item Short Form of the Pain Self-Efficacy 

Questionnaire (PSEQ-2) (Nicholas et al., 2015), which is an instrument assessing 
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confidence in carrying out activities despite experiencing pain. The two items, which 

were extrapolated from the PSEQ by the same author that developed the original 

instrument along with other two researchers (Nicholas et al., 2015), represents the 

individual’s confidence in performing activities despite pain in two different domains: 

work (i.e., housework, paid and unpaid work) and leading a normal lifestyle.  

Participants were asked to rate how confident they were at present despite the pain 

on a scale from 0 to 6, where 0 was ‘not at all confident’ and 6 was ‘completely 

confident’. Besides, in accordance with the questionnaire published in the article of 

Nicholas et al. (2015), participants were offered another instruction, clarifying that the 

questionnaire was not asking whether they had been carrying out these activities, but 

rather how confident they were that they could have performed them at present, 

despite the pain. The sum of the two values assigned to each item was the total score 

of the PSEQ-2, which ranges between 0 and 12. A score of 8 or higher indicates a 

desirable level of confidence in performing activities in the presence of pain (i.e., pain 

self-efficacy), while an individual scoring 5 or less should consider better strategies to 

gain confidence in carrying out activities in the presence of pain. According to 

Nicholas et al., (2015), internal consistency was found to be good, with a Cronbach 

alpha value of 0.76. Similarly, construct and convergent validity, measured in 

comparison with the PSEQ-10, was good and therefore the PSEQ-2 was considered 

a robust, valid and reliable instrument to measure pain self-efficacy (Nicholas et al., 

2015).  

 

 

4.8.3 Potential risk factors 

Potential risk factors that may be associated with the main outcome were selected 

based on a thorough critical review of published research studies and systematic 

reviews among the performing arts literature (i.e., confirmatory factors – see Chapter 

1, Section 1.3.1) and an exploration of factors that have not been investigated yet 

(i.e., exploratory factors), thereby considering personal and external factors according 

to the ICF (WHO, 2002). The use of validated questionnaires allowed for a speculative 

exploration of suspected factors that were expected to be associated with a PRMD 

according to the current findings among the available literature. 

 

 

 Self-rated Health (SRH) 
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A subjective indication of health status was obtained using the self-rated health (SRH) 

measure, which is a simple and inclusive measure of general health, easy to 

administer and assessed as a single-item indicator consisting of one question (i.e., ‘In 

general, would you say your health is’), with the possible choices classically structured 

like a Likert Scale (i.e., ‘excellent’ ‘very good’, ‘good’, ‘fair’ or ‘poor’). In some studies, 

variants of the wording of these category answers are frequently used, for example 

starting with ‘very good’ in the place of ‘excellent’ (Eriksson et al., 2010) and followed 

by ‘good’, ‘moderate’, ‘bad’ or ‘very bad’ (Subramanian et al., 2010). SRH is commonly 

used in clinical setting (Bowling, 2005; Fayers and Sprangers, 2002; Mantzavinis et 

al., 2005) and in general population samples (Bombak, 2013; Croft et al., 2001; 

Desalvo and Muntner, 2011; Schoenfeld et al., 1994; Subramanian et al., 2010), 

belonging to the group of self-perceived morbidity measures (Murray and Chen, 

1992). In earlier studies, this measure has shown to have a fair to good reliability in 

studies of test-retest reliability (overall agreement rates between 85% and 90% and 

kappa values between 0.63 and 0.72) (Lundberg and Manderbacka, 1996; 

Manderbacka, 1998). In addition, Macias and colleagues has shown that the single-

item can be comparable in terms of validity with the SF-36 General Health Scale 

(Ware and Sherbourne, 1992). The latter is one of the most well-known 

questionnaires to assess health status and health-related quality of life, the first item 

of which is precisely the SRH single-item. Macias’ findings reported that the single 

item could be a valid, reliable, and sensitive measure for longitudinal research 

purposes, although it works better in cross-sectional studies or as a screening 

measure, mainly assessing physical health (Macias et al., 2015). 

 

 

 International Physical Activity Questionnaire – Short Form (IPAQ-SF) 

Physical activity participation levels were monitored using the self-administered 

International Physical Activity Questionnaire (IPAQ) - short form, which is one of the 

most widely used instrument for physical activity surveillance in adults (age range: 15-

69 years old) (Lee et al., 2011; Palmer et al., 1999; van Poppel et al., 2010). The short 

form investigates the frequency and duration of participation in four different intensity 

levels: vigorous, moderate and walking activities, as well as the time spent sitting 

during the preceding week. Within this physical activity questionnaire, participants 

were asked to answer questions regarding the time spent on vigorous, moderate, 

walking activities and sitting over the previous seven days. Regardless the intensity 

of participation levels, all participants were asked to complete the questionnaire.  
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Participants indicated the frequency (i.e., days per week) and duration (i.e., hours and 

minutes per day) of their active and sitting behaviours. The process of data cleaning 

was conducted in accordance with the guidelines for data processing and analysis of 

the IPAQ (IPAQ Research Committee, 2005), and the values expressed in hours and 

minutes were converted in minutes. In the event of participants not completing the 

information pertaining to time and/or days or in the case of outliers with unlikely values 

(e.g., daily activities related to walking, moderate and vigorous time variables 

exceeding a total sum of 960 minutes or ‘days’ variables exceeding 8 days), their data 

were not considered for analysis. Besides, values regarding time dedicated to 

activities with less than 10 minutes were re-coded to ‘0’, in accordance with the 

guidelines for data processing and analysis of the IPAQ (IPAQ Research Committee, 

2005) indicating that at least 10 minutes of activity is required to achieve health 

benefits (IPAQ Research Committee, 2005; World Health Statistics, 2018). 

Additionally, as recommended by the aforementioned guidelines, all time variables 

regarding activities with more than three hours (or 180 minutes) were re-coded to 180 

minutes, allowing for a maximum of 21 hours of activity per week for each category 

(three hours multiplied by seven days).  

 

The scoring system of the IPAQ was designed to provide separate continuous score 

for walking, moderate-intensity and vigorous-intensity activity, as well as a combined 

overall score to describe the global level of participation to physical activities. All 

continuous scores are expressed as an energy expenditure value in metabolic 

equivalents (METs), which are multiples of the resting metabolic rate and represents 

the amount of energy performing physical activity. A MET-minute is calculated by 

multiplying the MET score of an activity by the minutes performed. An average MET 

score is obtained for each activity in accordance with the guidelines for data 

processing and analysis of the IPAQ (IPAQ Research Committee, 2005) using the 

following equations: 

 

Equation 4.2 Walking activity score. 

𝑊𝑎𝑙𝑘𝑖𝑛𝑔 𝑀𝐸𝑇 − 𝑚𝑖𝑛/𝑤𝑘 = 3.3 × 𝑤𝑎𝑙𝑘𝑖𝑛𝑔 𝑚𝑖𝑛 × 𝑤𝑎𝑙𝑘𝑖𝑛𝑔 𝑑 

Equation 4.3 Moderate physical activity score. 

𝑀𝑜𝑑𝑒𝑟𝑎𝑡𝑒 𝑀𝐸𝑇 − 𝑚𝑖𝑛/𝑤𝑘 = 4.0 × 𝑤𝑎𝑙𝑘𝑖𝑛𝑔 𝑚𝑖𝑛 × 𝑤𝑎𝑙𝑘𝑖𝑛𝑔 𝑑 

Equation 4.4 Vigorous physical activity score. 

𝑉𝑖𝑔𝑜𝑟𝑜𝑢𝑠 𝑀𝐸𝑇 − 𝑚𝑖𝑛/𝑤𝑘 = 8.0 × 𝑤𝑎𝑙𝑘𝑖𝑛𝑔 𝑚𝑖𝑛 × 𝑤𝑎𝑙𝑘𝑖𝑛𝑔 𝑑 

Equation 4.5 Total physical activity score. 
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𝑇𝑜𝑡𝑎𝑙 𝑀𝐸𝑇 − 𝑚𝑖𝑛/𝑤𝑘

= 𝑊𝑎𝑙𝑘(𝑀𝐸𝑇𝑠 × 𝑚𝑖𝑛 × 𝑑) + 𝑀𝑜𝑑(𝑀𝐸𝑇𝑠 × 𝑚𝑖𝑛 × 𝑑)

+ 𝑉𝑖𝑔(𝑀𝐸𝑇𝑠 × 𝑚𝑖𝑛 × 𝑑) 

MET, Metabolic equivalents; min, minutes; wk, week; d, days; walk, walking physical activity; 
mod, moderate physical activity; vig, vigorous physical activity. 

 

 

Besides being expressed as a continuous variable, the overall score can be also 

reported in categories (i.e., low, moderate or high activity levels). A high score 

indicates higher levels of participation in physical activities and is obtained when at 

least 1500 MET minutes per week are performed on at least 3 days or at least 3000 

MET minutes per week are computed for 7 or more days of any combination of 

walking, moderate-intensity or vigorous-intensity activities. On the other hand, a 

moderate level is achieved when at least 20 minutes per day of vigorous-intensity 

activity are performed on three or more days or at least 30 minutes of moderate-

intensity activity on five or more days or even if a minimum of 600 MET-minute per 

week are computed for 5 or more days during any combination of walking, moderate-

intensity or vigorous-intensity activities. Finally, the individuals who do not meet any 

of the criteria pertaining to the aforementioned categories are classified as ‘low’.  

The IPAQ-SF showed adequate concurrent validity when compared to the long form 

(rho = 0.67; 95 % CI 0.64 to 0.70) and within different short research measures (rho 

= 0.58; 95 % CI 0.51 to 0.64) and criterion validity, when compared to accelerometers 

(rho = 0.30; 95 % CI 0.23 to 0.36) (Craig et al. 2003). Furthermore, its repeatability 

exhibited an acceptable level (r > 0.69) for people of different nationalities (Craig et 

al. 2003).  

 

 

 Kessler Psychological Distress Scale (K10) 

A subjective indication of psychological distress was obtained using the Kessler 

Psychological Distress Scale (K10), which is a simple and reliable measure 

developed by Kessler and Mroczek from the Survey Research Center of the Institute 

for Social Research, University of Michigan for screening populations in order to 

identify levels of distress (Kessler and Mroczek, 1994). The scale consists of 10 

questions on non-specific psychological distress and is related to the level of anxiety 

and depressive symptoms individuals may have experienced in the preceding four 

weeks (Kessler et al., 2002). Participants were asked to answer the questions, each 
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of which having a five-level response scale corresponding to the following categories: 

(1) All of the time; (2) Most of the time; (3) Some of the time; (4) A little of the time; (5) 

None of the time. Afterwards, values attributed by participants to the ten items were 

then summed to generate scores ranging from a minimum score of 10 and a maximum 

score of 50, where high scores indicate high levels of psychological distress. 

Furthermore, the Clinical Research Unit for Anxiety and Depression (CRUFAD) of the 

School of Psychiatry, University of New South Wales (UNSW) in Sydney (Andrews 

and Slade, 2001) has developed cut-off scores for the Kessler 10 to determine the 

level of anxiety or depressive disorders (see Table 4.6). 

 

 

 

 

Table 4.6 Cut-off scores for the Kessler 10 (K10). 

K10 score Level of anxiety or depressive disorder 

10 to 15 Low or no risk 

16 to 29 Medium risk 

30 to 50 High risk 

 

 

This scale has shown a moderate reliability (kappa and weighted kappa scores range 

between 0.42 to 0.74) among general population in the USA (Kessler et al., 2002), a 

good construct validity and reliability, with a Cronbach’s alpha of 0.84 and omega total 

of 0.88 in South-Africa (Hoffman et al., 2022) and an internal reliability that was 

considered satisfactory among foreign students in Korea (Achangwa et al., 2021). 

 

 

 Hewitt and Flett's Multidimensional Perfectionism Scale - Short Form 

(HFMPS-SF) 

Trait perfectionism was evaluated using the 15-item short form of the original 45-item 

Hewitt and Flett’s Multidimensional Perfectionism Scale (HFMPS-SF) (Hewitt and 

Flett, 2004, 2008; Hewitt et al., 1991, 2008). This scale reflects three different 

dimensions of perfectionism including: self-oriented (SOP), other-oriented (OOP), and 

socially prescribed perfectionism (SPP). SOP, identified by items 1, 4, 5, 7, 12, is 
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usually associated with great efficiency, hyper-conscientiousness (Flett and Hewitt, 

2015), as well as strict self-evaluation (e.g., ‘One of my goals is to be perfect in 

everything I do’) (Stoeber, 2014).  OOP, identified by items 2, 6, 8, 10, 11, involves 

the same high standards but this severe evaluation is directed towards and imposed 

on others (‘I cannot stand to see people close to me make mistakes’) (Stoeber, 2014). 

Finally, SPP, identified by items 3, 9, 13, 14, 15, involves the perception that the 

others have demanding standards and are severe in their assessment (Stoeber, 

2014), always expecting perfection. Participants rated each item on a 7-point Likert 

scale, increasing in level of agreement (from 1 ‘disagree’ to 7 ‘agree’). The scoring 

system of the HFMPS-SF was designed to provide a score for each of the three 

subscales reflected by the three dimensions of perfectionism, where higher scores on 

each scale, indicating higher levels of trait perfectionistic attitudes and behaviours. 

The MPS demonstrated reliability and validity (Alpha coefficient range was from 0.74 

to 0.89) in clinical and general populations (Hewitt and Flett, 2004). Test-retest results 

have shown an adequate degree of stability, with significant correlations (p<0.05) over 

two points in time for each sub-scale of perfectionism (i.e., self-oriented, other-

oriented, and socially prescribed perfectionism) (Hewitt & Flett, 1991; Hewitt et al., 

1991). Similarly, adequate evidence of the subscales' validity was observed, with all 

sub-scales significantly correlating with another scale of perfectionism (i.e., Frost 

Multidimensional Perfectionism Scale (FMPS) (Hewitt et al., 1991). Although there 

are no studies on the reliability and validity of the short form of the MPS, it has been 

shown that 15-item short form developed by the same authors (Hewitt and Flett, 2008) 

can be expected to produce very similar findings for all three dimensions of 

perfectionism (Stoeber, 2018). 

 

 

 Chalder Fatigue Scale (CFQ 11) 

Self-perceived fatigue was evaluated using the Chalder Fatigue Scale (CFQ 11) 

(Chalder et al., 1993). This scale consists of even simple and non-threatening items, 

asking about sensations and functionality, including a dimension of physical fatigue 

(measured by items 1–7) such as tiredness, sleepiness, lack of energy, feelings of 

weakness or reduced muscle strength, as well as mental fatigue (measured by items 

8–11) such as difficulties in concentration and memory. Participants were asked to 

answer the CFQ 11 questions by choosing their preferred option for each item 

referring to the preceding month. Each of the items was answered on a 4-point Likert-

type, by choosing the options: ‘less than usual’, ‘no more than usual’, ‘more than 
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usual’, ‘much more than usual’, except for the last item (i.e., ‘How is your memory?’), 

which provided the response options: ‘better than usual’, ‘no worse than usual’, ‘worse 

than usual’, ‘much worse than usual’. The Likert scoring system allowed the attribution 

of a value for each item ranging from 0 to 3 and thus the calculation of a global score 

obtained by adding the rating for each item. Participants’ global score could range 

from 0 to 33, where higher scores indicate greater levels of fatigue and tiredness. The 

Chalder fatigue scale has been shown to have good internal consistency (Chalder et 

al. 1993), with a Cronbach alpha that ranges between 0.86 and 0.92 among different 

studies (Cella et al., 2010; Chalder et al. 1993; Loge et al. 1998; Wong & Fielding 

2010). 

 

 

4.8.4 Translations into different languages 

As the longitudinal study was conducted in different pan-European countries (see 

Table 4.1), the welcome page, the informed consent, the general information as well 

as the questionnaire were offered in the following languages: English, French, 

German, Italian and Spanish. All the available questionnaires’ official and validated 

translations, which have reflected a cultural adaptation, were used and embedded in 

the battery of research measures and outcome instruments. Specifically, the official 

translation of the NMQ was available in all languages proposed (Caffier et al., 1999; 

Forcier et al., 2001; Garcia-Hernandez et al., 2016; Gobba et al., 2008; López-Aragón 

et al., 2017; Losa Iglesias et al., 2011), along with the PAS-Quick DASH (Dubert et 

al., 2001; Germann et al., 2003; Padua et al., 2003; Rosales et al., 2002), the SHR 

(Apolone and Mosconi, 1998; Bullinger et al., 1995; Leplege et al., 1998; Perneger et 

al., 1995; Vilagut et al., 2005), the IPAQ-SF (Carrera, 2017; Criniere et al., 2011; 

Gaede-Illig et al., 2014; Mannocci et al., 2010), as well as the K10 (Arnaud et al., 

2010; Carra et al., 2011; Giesinger et al., 2008; Terrez et al., 2011). The PDI was 

available in French and German (Dillmann et al., 1994, 2011; Gauthier et al., 2008), 

whereas the PSEQ-2 was available in Italian (Chiarotto et al., 2015, 2016) and the 

long form in French (Lacasse et al., 2015) and in German (Mangels et al., 2009). 

Ultimately, the CFQ 11 was only available in German (Martin et al., 2010). Those 

questionnaires, of which translations could not be found, were translated by official 

interpreters. To promote accuracy, standard translation protocol and techniques (e.g., 

adaption, transposition, multiple sourcing) (Fawcett, 1997) were employed. All the 

translators have research expertise in translator training, translation technology, and 

discourse analysis. Quality checks resulted in numerous clarifications and 
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modifications to ensure items were comprehensive and acceptable to the target 

group. Researchers kept extensive records of translation efforts as part of a thorough 

audit trail. 

 

 

4.9 Analysis plan 

4.9.1 Results chapters 5, 6 and 7 

The following chapters (5, 6 and 7) will describe and critically evaluate the results 

obtained following the protocol of analysis of the longitudinal study described in the 

present chapter (see Figure 4.4). Specifically, Chapter 5 includes an explorative 

cross-sectional description and comparison of the study population in terms of 

prevalence of PRMDs of Pre-college and university-level students in order to address 

secondary research question 1 (i.e., ‘What is the prevalence of PRMDs among 

university-level students in comparison with Pre-college students?’). Furthermore, this 

first cross-sectional analysis sought to begin to identify variables that might be 

associated with the self-reported presence of PRMDs among music students to be 

further verified within the longitudinal analysis. It attempted to address secondary 

research question 2 (i.e., ‘Are there any differences in the factors associated with the 

general presence of MSK complaints [PRMDs or not] and factors specifically related 

to PRMDs in music students?‘).  

 

Figure 4.4 Analyses plan including the studies and their respective design, investigated 

variables and population. 
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PRMD(s), Playing-related musculoskeletal disorder(s). 

 

 

Additionally, the baseline also involved a secondary analysis that focused on a sub-

group of students with current PRMDs (i.e., within one month prior survey’s 

completion) at the baseline and sought to explore more in depth the characteristics 

regarding intensity, duration, location, disability and self-efficacy related to their 

complaint (see Chapter 6). This chapter sought to address secondary research 

question 3 (i.e., ‘Are there any differences in the characteristics associated with 

current PRMDs among music students?’).  

 

Finally, in order to corroborate evidence from results in the literature (widely discussed 

in Chapter 1) and findings of the cross-sectional study included in Chapter 5 (i.e., 

confirmatory factors) as well as to explore other factors not investigated yet or derived 

from epidemiological studies (i.e., exploratory factors), a longitudinal analysis was 

conducted. The latter aimed to address the main aim of the thesis, which was 

to investigate those factors that may lead to the development of new cases of PRMDs 

(i.e., onset) within a period of a year (see Figure 4.5).  

 

 

Figure 4.5 A graphic representation for the longitudinal analysis conducted with the aim 

of investigating the factors associated with increased risk of PRMD onset. 
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FWUP1, Follow-up 1 (at 6 months); FWUP2, Follow-up 2 (at 12 months); PRMD(s), Playing-
related musculoskeletal disorder(s). 

 

The results of this analysis are included in Chapter 7 and sought to address primary 

research question (i.e., ‘What are the main factors associated with increased risk of 

PRMDs in music students?’), as well as secondary research question 4 (i.e.,’ Are 

there any differences in the incidence of PRMDs among music students at different 

levels of music training?’). 

 

 

4.9.2 Chapter 8 – General discussion 

Chapter 8 will include an overall summary and a general contextualising and 

integrating discussion pertaining to the main findings in relation to the research 

questions mentioned in Chapter 3. An in-depth critical appraisal of the potential 

mechanisms and connections amongst the findings will be also reported. In addition, 

a further consideration of the limitations of the study and potential improvements 

towards further research along with possible recommendations for future research will 

be considered.  
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5 CHAPTER 5 

Prevalence and associated factors of 

playing-related musculoskeletal disorders 

(PRMDs). Baseline results 

 

Part of the content of this chapter has been published in Plos One Journal with the 

title ‘Prevalence and associated factors of playing-related musculoskeletal disorders 

among music students in Europe. Baseline findings from the Risk of Music Students 

(RISMUS) longitudinal multicentre study’ (Cruder et al., 2020). 
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5.1 Introduction 

In order to play a musical instrument at a professional level, musicians are required 

to have optimal neuromuscular control to sustain awkward and ergonomically 

unfavourable body positions during long hours of highly repetitive and fine motor work. 

Therefore, many musicians might be vulnerable to suffering from disorders associated 

with playing their instrument, interfering with their ability to play and thus having a 

negative impact on participation in musical activities such as rehearsals and daily 

practice, significantly impairing the quality of the performance itself (Zaza, 1995; Zaza 

et al., 1998). As described in Chapter 2, this phenomenon was first described by Zaza 

et al. (1998) as playing-related musculoskeletal disorders (PRMDs) and defined as 

‘pain, weakness, lack of control, numbness, tingling or other symptoms that interfere 

with your ability to play your instrument at the level you are accustomed to’. Since the 

development of Zaza et al.’s definition, PRMDs have been widely investigated among 

professional musicians (Ackermann et al., 2012, 2014; Berque et al., 2016; Chan et 

al., 2014a, b; Kaufman-Cohen and Ratzon, 2011; Kenny and Ackermann, 2015; 

Kenny et al., 2016; Khalsa and Cope, 2006; Khalsa et al., 2009; Lundborg and 

Grooten, 2018; Möller et al., 2018; Schalow, 2020; Sousa et al., 2015a, b, 2016, 2017; 

Steinmetz et al., 2015) high-level amateur musicians (Kok et al., 2016a, 2017, 2018) 

and university-level students (Ackermann et al., 2002, 2011; Arnason et al., 2014, 

2018; Baadjou et al., 2018b; Bragge et al., 2008; Bruno et al., 2008; Cruder et al., 

2020; Kava et al., 2010; Ling et al., 2018; Matei and Ginsborg, 2020; Steinmetz et al., 

2012; Yoshimura et al., 2006).  

 

Nevertheless, evidence from the systematic review of Chapter 2, showed that 

contemporary literature offers ambiguity and inconsistency in the use of PRMDs’ 

definition, potentially leading to misunderstandings and to the impossibility to pool 

data. Similarly, as widely described in Chapter 1, some discrepancies between terms 

and descriptors that describe musicians’ MSK complaints are found in the literature. 

For this reason, recent studies and reviews strongly recommended conducting future 

research including the description of the measured MSK complaint and the use of 

adequate and validated outcome measures (Baadjou et al., 2016; Berque et al., 2016; 

Kok et al., 2016b; Rotter et al., 2020; Stanhope et al., 2019a, b). In order to facilitate 

avoiding ambiguity and improving opportunities for data comparison, a correct 

PRMDs’ identification is warranted and the use of Zaza et al.’s definition is preferred 

(Stanhope et al., 2019a). Indeed, in order to offer a realistic and accurate prevalence 

rate among music students and its associated characteristics, it is important to 
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effectively disentangle PRMDs from MSDs in general, in attempts to further seek 

tailored and effective strategies to moderate the impact that PRMDs might have on 

musicians’ function and life. As such, improved clarity would be worthwhile to further 

facilitate ‘case-study’ work and thus allowing a descriptive contrast amongst factors 

associated with the general presence of MSDs and factors specifically related to 

PRMDs (Zaza and Farewell, 1997) in order to gain greater insight into the 

mechanisms and personal significance of MSDs among musicians in relation to the 

performance and playing ability function. 

 

Furthermore, contemporary literature offers a large heterogeneity of methods 

amongst small samples that limit generalisations and meta-analytical synthesis of the 

evidence (Kok et al., 2016b; Rotter et al., 2020). As reported in Chapter 1, Section 

1.3.1, in contrast to the literature on MSDs in the general population, scientific 

evidence is scarce concerning prevalence rates and associated factors in sub-groups 

of musicians at different stages of education (Kok et al., 2016b), with only one cross-

sectional study reporting a higher prevalence of MSK complaints among bachelor’s 

students than master’s students (i.e., 85% vs 55%) (Kok et al., 2015) and other 

studies investigating physical and psychological health-related problems developed 

by music academy students across their training (Spahn et al., 2014, 2017; Zander et 

al., 2010). According to Ioannou et al. (2018), the onset of playing-related pain 

symptoms coincides with the transition between Pre-college studies and higher 

training levels of training, with most music students being affected during the first 

semesters of their studies and with the sudden increase in playing time being the most 

important trigger factor for playing-related problems. This is understandable primarily 

because students need to familiarise themselves with the higher instrumental 

performance demands of a different and more competitive psychosocial environment 

involving different approaches related to technique and performance, introduced by 

new professors and teachers. Thus, it is plausible to expect a higher prevalence of 

PRMDs among university-level students in comparison with Pre-college students (i.e., 

transition between Pre-college and university-level) possibly due to the assumption 

that the exposure of playing-related activities is progressively demanding throughout 

their training. 

 

Additionally, considering the high variability among different countries regarding the 

training, culture, type and duration of exposure as well as in the accessibility to health 

facilities, prevalence rates and associated characteristics of the populations involved 
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in research studies might vary according to their nationality and their original/home 

countries. This aspect deserves to be explored further and should be considered in 

future research, as currently there are no studies on MSDs among musicians from 

different nationalities (Stanhope et al., 2019b). Therefore, there is a need to deliver 

robust and large-scale data on music students to enhance an epidemiological 

appreciation of how best to prioritise the strategies for improving the management of 

PRMDs and to enhance evidence relating to the associated factors that may increase 

the risk of adverse outcomes. According to my knowledge, a large-scale study 

investigating prevalence and associated factors for PRMDs in comparison with 

generic MSK complaints among music students at different levels of their education 

(i.e., from Pre-college to Masters’ programmes) and coming from different countries 

has not been conducted before.  

 

Therefore, the purpose of the present chapter was to examine the prevalence of 

PRMDs in a large-scale study population of music students enrolled in different pan-

European music institutions at baseline of the longitudinal evaluation reported in 

Chapter 7. The present chapter sought to address secondary research question 1 

(i.e., ‘What is the prevalence of PRMDs among university-level students in 

comparison with Pre-college students?’) and secondary hypothesis 1 (i.e., ‘There is a 

higher prevalence of PRMDs among university-level students in comparison with Pre-

college students’), thereby characterising the study population at different levels of 

training (i.e., university-level students and Pre-college students).  

 

A further goal was to identify variables that might be associated with the self-reported 

presence of PRMDs among music students, thereby addressing secondary research 

question 2 (i.e., ‘Are there any differences in the factors associated with the general 

presence of MSK complaints [PRMDs or not] and factors specifically related to 

PRMDs in music students?‘) and secondary hypothesis (i.e., ‘There is a descriptive 

contrast amongst factors associated with the general presence of MSK complaints 

(PRMDs or not) and factors specifically related to PRMDs’). Specifically, such an 

approach might offer preliminary explorative and novel insights of the baseline 

findings to be further verified within the longitudinal analyses. The reader is referred 

to Chapter 2 for additional details underpinning the study’s rationale and to Chapter 7 

for further details on the longitudinal analysis’ results. 
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5.2 Methods 

This cross-sectional study focuses on part of the baseline data of the longitudinal 

study, whose results are reported in Chapter 7. Due to the nature of the study 

investigated in this doctoral research project (i.e., longitudinal study), the research 

measures and procedures for data acquisition discussed in this chapter are the same 

as those described in Chapters 4 (i.e., methodology chapter). The reader is referred 

to Sections 4.2, 4.3, 4.4, 4.5, 4.6, 4.7 for further information about study design, 

recruitment procedures and participants, ethical approval, study protocol and 

research measures. As the main aims of this chapter were to examine the prevalence 

of PRMDs in the large-scale study population of music students at baseline and to 

begin to identify variables that might be associated with the self-reported presence of 

PRMDs among music students, the research measures involved for this preliminary 

explorative study were those included in Section 1 and 3 of the web-based 

questionnaire described in detail in Chapter 4, Section 4.6. 

 

 

5.2.1 Participants 

A total of nine hundred and ninety-seven students were recruited from the school 

registries of the schools included in Chapter 4 (see Section 4.3) for the baseline data 

collection between November 2018 and January 2019. Table 5.1 includes the number 

of students from each institution participating in the study (see Table 4.1 in Chapter 

4, Section 4.3). 

 

Inclusion criteria were men and women over 18 years old, playing a musical 

instrument commonly used in classical music as a main subject; Pre-college students 

in years 3 or 4; Bachelor of Arts students in years 1, 2 and 3 and Master of Arts 

students in years 1, 2, 3, 4; students attending gap year programmes or continuing 

education courses. In order to exclude musicians with severe health conditions and/or 

health problems not caused by playing (e.g., broken arm from an accident), 

participants self-reporting severe, disabling neurological and/or rheumatic conditions 

(e.g., fibromyalgia syndrome, rheumatoid arthritis, focal dystonia) or accidents in the 

past 12 months (e.g., motor vehicle accident) were excluded from the study. Exclusion 

criteria were as follows: composers and conductors; positive history of chronic and 

highly disabling neurological and/or rheumatic and/or psychological conditions (e.g., 
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diagnosed severe borderline personality disorders) in the past 12 months; surgery of 

the upper limbs and/or the spine in the past 12 months.  

 

Table 5.1 Distribution of the study centres and students participating in the study. 

Country City Music university / conservatory 
Number of 

participants 

Austria Eisenstadt  Joseph Haydn Konservatorium  6 

 Innsbruck Tiroler Landeskonservatorium  12 
 

Linz Anton Bruckner Privatuniversität 9 

 Salzburg Universität Mozarteum 24 

 Wien Universität für Musik und darstellende 

Kunst 

28 

Belgium Antwerp Royal Conservatoire Antwerp 15 

 Hasselt Robert Schumann Hochschule  8 
 

Namur Institut supérieur de musique et de 

pédagogie 

14 

Denmark Copenhagen Royal Danish Academy of Music 4 
 

Odense Danish National Music Academy  4 

Estonia Tallinn Estonian Academy of Music and Theatre 8 

Finland Helsinki Sibelius Academy (Uniarts)  21 

France Bordeaux Pôle d'Enseignement Supérieur de la 

Musique et de la Danse 

8 

 
Lille École Supérieure Musique et Danse Hauts 

de France 

12 

 Paris Conservatoire national supérieur de 

musique et de danse 

18 

Germany Dresden Hochschule für Musik Carl Maria von 

Weber 

19 

 Düsseldorf Robert Schumann Hochschule 17 
 

Frankfurt Hochschule für Musik und Darstellende 

Kunst 

30 

 Hamburg Hochschule für Musik und Theater 19 

 Karlsruhe Hochschule für Musik Karlsruhe 11 

 Leipzig Hochschule für Musik und Theater Felix 

Mendelssohn Bartholdy 

32 

 Lübeck Musikhochschule Lübeck 19 

 Osnabrück Universität Osnabrück 29 

 Stuttgart Hochschule für Musik und Darstellende 

Kunst 

12 
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 Weimar Hochschule für Musik Franz Liszt 4 

Iceland Reykjavík Iceland University of Arts 3 

Ireland Cork Cork School of Music 40 
 

Dublin Royal Irish Academy of Music 14 

Italy Cast.Veneto Conservatorio A. Steffani 50 

 Ferrara Conservatorio G. Frescobaldi 55 

 Fiesole Scuola di alto perfezionamento 9 

 Milano Conservatorio G. Verdi 21 

 Novara Conservatorio G. Cantelli  24 

 Parma Conservatorio A. Boito 26 

 Piacenza Conservatorio G. Nicolini 35 

 Roma Conservatorio S. Cecilia 28 

 Salerno Conservatorio G Martucci 12 

Latvia Riga Jazeps Vitols Latvian Academy of Music 14 

Portugal Porto Escola Superior de Música e Artes do 

Espetáculo 

5 

Scotland 

(UK) 

Glasgow Royal Conservatoire of Scotland 11 

Spain Alicante Conservatorio Superior de Música Òscar 

Esplà 

10 

 
Las Palmas  Conservatorio Superior de música de 

Canarias 

7 

 Madrid Real Conservatorio Superior de Música 22 

 Murcia Conservatorio Superior de Música Manuel 

Massotti 

13 

 
S. Sebastián Musikene 7 

 Sevilla Conservatorio superior de música Manuel 

Castillo 

20 

 Vigo Conservatorio Superior de Música 9 

Sweden Malmö Malmö Academy of Music 2 

 Göteborg Academy of Music and Drama 18 
 

Stockholm Royal College of Music - Kungliga 

Musikhögskolan 

12 

Switzerland Basel Hochschule für Musik  9 

 Bern Hochschule der Künste  14 

 Lugano  Conservatorio della Svizzera italiana 48 

 Luzern Hochschule Luzern – Musik 70 

The 

Netherlands 

Amsterdam  Conservatorium van Amsterdam  2 

 Maastricht Conservatorium Maastricht 4 
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TOTAL 997 

 

 

5.2.2 Statistical analysis  

Descriptive statistics were used to systematically summarise and present data. For 

categorical variables, absolute and relative frequency distributions were presented. 

For continuous variables, since the normality test (i.e., Shapiro Wilk test) showed that 

all variables considered were non-Gaussian, the median value and the range were 

used to summarise the variables. 

 

Bivariate analysis was used to identify associations between the dependent variable 

‘MSK status’ and the independent variables (i.e., demographic and variables with 

reference to the health-related status, as well as those related to the playing of 

musical instruments) (see Table 5.2). According to their MSK status, participants were 

grouped into three sub-categories: (a) participants reporting no history of MSK 

complaints (NoMSK); (b) participants reporting MSK complaints interfering with their 

playing ability according to Zaza et al.’s definition (1998) (PRMD); (3) participants 

reporting MSK complaints not related to musical practice (MSK). Since the MSK 

status variable was categorical, the statistical tests used were (a) chi-square test for 

verifying the associations with categorical variables (b) Kruskal-Wallis tests for 

verifying the associations with continuous variables. 

 

The null hypothesis of the Chi-Square test was that no association existed between 

the categorical variables and the self-reported presence of PRMDs (i.e., statistical 

independence). On the other hand, the null hypothesis of the Kruskal-Wallis test was 

that the mean ranks of the groups were the same. 

Table 5.2 Independent variables included in the study. 

Type of variable Name of variable 

Demographic variables Gender 

Age 

Nationality  

Academic level 

Variables with reference to the 

health-related status 

BMI  

Self-rated health [SRH]  

Hours of sleep 

Smoking 
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Medications  

Physical activity participation levels [IPAQ-SF 

score] 

Psychological distress [K10 score] 

Perfectionism [HFMPS-SF: SOP, OOP, SPP 

sub-scales’ scores] 

Fatigue [CFQ 11 score] 

Variables related to the playing of 

musical instruments 

Instrument [classification] 

Years of practice 

Hours of practice per day 

Perceived exertion after 45 minutes of practice 

without breaks 

Preparatory exercises  

Breaks during practice 

BMI, Body Mass Index; CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and Flett’s 
Multidimensional Perfectionism Scale – short form; IPAQ-SF, International Physical Activity 
Questionnaire – short form; K10, Kessler Psychological Distress Scale; OO, Other-oriented 
perfectionism; SOP, Self-oriented perfectionism; SPP, Socially-prescribed perfectionism. 

 

 

In addition, a multivariable analysis was conducted with an explorative aim in order to 

assess which candidate covariates were significantly associated with the three 

categories considered (i.e., NoMSK; PRMD; MSK) of the dependent variable MSK 

status. Since this variable was categorical, multinomial logistic regression analysis 

was used. Three models were explored for associated factors of PRMDs, with relative 

risk ratios (RRR), as the exponential of the multinomial logistic regression coefficient, 

used to indicate the relative probability for each candidate variable (RRR > 1 

indicating that the greater probability of the outcome belonging within the comparison 

rather than reference group as the variable's scores increase, and vice versa). The 

models involved PRMD, MSK and PRMD as comparison groups, with NoMSK, 

NoMSK and MSK as corresponding reference groups.  

 

Each model was estimated twice, using a stepwise approach with: 

a) Forward selection: starting with an empty model (no variable included), the 

variables providing the most statistically significant improvement of the fit were 

progressively added until none of the remaining variables proved statistically 

significant (threshold for statistical significance: p-value below 5%).  

b) Backward elimination: starting with the full model (all variables included), the 

least significant variables were progressively eliminated until all the remaining 
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variables were statistically significant (threshold for statistical significance: p-

value below 5%).  

 

The comparison of the estimates allowed the identification of four different kinds of 

factors: overall factors (i.e., variables statistically significant in all three models), MSK 

factors (i.e., variables statistically significant in the first two models but not in the third), 

PRMD factors (i.e., variables statistically significant in the first and third models, but 

not in the second) and single factors (i.e., variables statistically significant in a single 

model only).  

 

Bivariate and multivariable analyses were performed on the overall sample and on 

the response of a sub-sample of participants not taking any supplements, 

contraceptives and/or actual medications to verify whether such an exogenous 

contribution could have biased the results or have influenced the responses.  

 

 

5.3 Results 

Of the 997 participants agreeing to participate in the study by completing the informed 

consent, only 900 returned complete data at baseline. A total of 850 participants were 

included in the sample for the analysis (see Figure 5.1).  
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Figure 5.1 Flowchart of participant selection for the analysis. 

 

 

A total of forty participants were excluded from the analysis because they did not meet 

the inclusion criteria and 10 participants were excluded because they were not able 

to determine if their MSK complaint was a PRMD (i.e., interfered with their ability to 

play the instrument at the level to which they had been accustomed). 

 

 

5.3.1 Descriptive statistics 

The following tables show descriptive features of the participants, including 

demographic variables (see Table 5.3), those with reference to the health-related 

status (see Table 5.4) and variables related to the playing of musical instruments (see 

Table 5.5). 

 

 

 

 

 

Table 5.3 Descriptive statistics of demographic variables. 
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Variable n % 

Gender Women 522 61.4% 

(n=850) Men 325 38.3% 

 Other 3 0.4% 

    

Age in years median 22  

(n=850) range 18-48  

    

Nationality (region)* South Europe 386 45.4% 

(n=850) West Europe 312 36.7% 

 North Europe 81 9.5% 

 East Europe 35 4.1% 

 Other 36 4.2% 

    

Academic level Pre-college 86 10.1% 

(n=850) Bachelors 1&2 150 17.6% 

 Bachelors 3&4 171 20.1% 

 Masters 1&2 124 14.6% 

 Masters 3&4 174 20.5% 

 Gap year/continuing 

education 

145 17.1% 

*This classification was made according to United Nations, S. D. Standard Country or Area 
Codes for Statistical Use, Series M, No. 49 (M49) 
<https://unstats.un.org/unsd/methodology/m49/> (1999). 

 

 

Table 5.4 Descriptive statistics of variables with reference to the health-related status. 

Variable n % 

BMI in kg/m2 median 21.5  

(n=828) range 
15.3-

41.0 

 

    

Self-rated health [SRH] Excellent 65 7.6% 

(n=850) Very good 266 31.3% 

 Good 389 45.8% 

 Fair 117 13.8% 

 Poor 13 1.5% 

Hours of sleep median 7  

(n=849) range 4-10  

    

https://unstats.un.org/unsd/methodology/m49/
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Smoking Yes 131 15.5% 

(n=848) No 717 84.5% 

    

Medications  Nothing 710 83.5% 

(n=850) Supplement/ 

contraceptive 

60 7.1% 

 Medicine 80 9.4% 

    

Physical activity participation 

levels [IPAQ-SF score] 

High  

Moderate 

153 

415 

18.2% 

49.2% 

(n=843) Low 275 32.6% 

    

Psychological distress [K10 score] 

(n=843) 

median 

range 

20.0 

10-46 

 

    

Perfectionism [HFMPS-SF score]    

SOP sub-scale score median 25.0  

(n=830) range 5-35  

    

OOP sub-scale score median 18.0  

(n=838) range 5-35  

    

SPP sub-scale score median 17.0  

(n=836) range 5-35  

    

Fatigue [CFQ 11 score] median 13.0  

(n=825) range 0-33  

BMI, Body Mass Index; CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and Flett’s 
Multidimensional Perfectionism Scale – short form; IPAQ-SF, International Physical Activity 
Questionnaire – short form; K10, Kessler Psychological Distress Scale; OOP, Other-oriented 
perfectionism; SOP, Self-oriented perfectionism; SPP, Socially-prescribed perfectionism. 

 

 

 

 

 

 

 

Table 5.5 Descriptive statistics of variables related to the playing of musical 

instruments. 

Variable  n % 
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Instrument [classification] Elevated both frontal 68 8.0% 

(n=850) Elevated both left 141 16.6% 

 Elevated left 63 7.4% 

 Elevated right 131 15.4% 

 Neutral 344 40.5% 

 Singers 103 12.1% 

    

Years of practice median 13  

(n=850) range 6-35  

    

Hours of practice per day median 3  

(n=849) range 3-8  

    

Perceived exertion after 45 

minutes of practice 

without breaks 

median 

range 

4 

0-10 

 

(n=843)    

    

Preparatory exercises  Yes 354 41.7% 

(n=850) No 496 58.3% 

    

Breaks during practice Yes 522 61.4% 

(n=850) No 328 38.6% 

Elevated both frontal: Music students playing musical instruments with both arms elevated in 
a frontal position (i.e., harp, trombone, and trumpet); Elevated both left: Music students playing 
musical instruments with both arms elevated in the left quadrant position (i.e., viola, violin); 
Elevated left: Music students playing musical instruments with only the left arm elevated (i.e., 
cello, double bass); Elevated right: Music students playing instruments with only the right arm 
elevated (i.e., flute, guitar); Neutral: Music students playing instruments in a neutral position, 
without the elevation of arms (i.e., accordion, bassoon, clarinet, euphonium/tuba; French horn, 
harpsicord, oboe, organ, percussion, piano, recorder, saxophone). 

 

 

Of the 850 participants, 11 played the accordion, 204 played a bowed instrument 

(violin, n=117; viola, n=24; cello, n=44; double bass, n=19), 90 a plucked instrument 

(guitar, n=67; harp, n=23), 142 a woodwind instrument (bassoon, n=10; clarinet, 

n=38; flute, n=63; oboe, n=21; recorder, n=10), 101 a brass instrument 

(euphonium/tuba, n=10; French horn, n=20; saxophone, n=26; trombone, n=19; 

trumpet, n=26), 28 percussion, 103 were singers, and 171 played the keyboards 

(harpsicord, n=5; organ, n=12; piano, n=154). According to their playing posture and 

arm position while playing, participants were allocated into six groups (refer to Chapter 

4, Section 4.3). 
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Table 5.6 includes the distribution of participants, according to the six-year group 

levels and the six types of instruments’ classification (Kok et al., 2017; Nyman et al., 

2007).  

 

Table 5.6 The distribution of participants, according to the six-year group levels and the 

classification of instruments. 

 n participants 

Category 
Pre-

college 

1&2  

BA 

3&4  

BA 

1&2  

MA 

3&4  

MA 

GY/ 

CE 

Both arms elevated frontal (n=68) 17 13 11 14 6 7 

Both arms elevated left (n=141) 12 24 22 23 35 25 

Left arm elevated (n=63) 7 12 12 9 11 12 

Right arm elevated (n=131) 9 25 28 17 32 20 

Neutral (n=344) 32 58 74 40 74 66 

Singers (n=103) 9 18 24 21 16 15 

TOTAL 86 150 171 124 174 145 

1&2 BA, Music students enrolled in their first and second year of Bachelor of Arts in Music; 
3&4 BA, Music students enrolled in their third and fourth year of Bachelor of Arts in Music; 1&2 
MA, Music students enrolled in their first and second year of Master of Arts in Music; 3&4 MA, 
Music students enrolled in their third and fourth year of Master of Arts in Music; GY/CE, Music 
students experiencing a gap year or enrolled in a continuing education programme. 

Elevated both frontal: Music students playing musical instruments with both arms elevated in 
a frontal position (i.e., harp, trombone, and trumpet); Elevated both left: Music students playing 
musical instruments with both arms elevated in the left quadrant position (i.e., viola, violin); 
Elevated left: Music students playing musical instruments with only the left arm elevated (i.e., 
cello, double bass); Elevated right: Music students playing instruments with only the right arm 
elevated (i.e., flute, guitar); Neutral: Music students playing instruments in a neutral position, 
without the elevation of arms (i.e., accordion, bassoon, clarinet, euphonium/tuba; French horn, 
harpsicord, oboe, organ, percussion, piano, recorder, saxophone). 

 

 

A total of 560 (65%) out of 850 participants self-reported a positive history of painful 

MSK complaints in the past 12 months and 408 (48% of the total sample) self-reported 

PRMDs, while less than 20% self-reported a MSK complaint that was not related to 

the musical practice, and about one third self-reported having no MSK complaint (see 

Figure 5.2).  
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Figure 5.2 Musculoskeletal status among participants.  

Prevalence of self-reported playing-related musculoskeletal disorders (PRMDs, n= 408; 48%), 
self-reported musculoskeletal complaint not related to the musical practice (MSK, n=152; 18%) 
and no musculoskeletal complaint (NoMSK, n=152; 18%).  

 

 

Participants playing musical instruments with both arms elevated in a frontal position 

self-reported the highest prevalence of PRMDs (54.4%), followed by participants 

playing instruments with only the right arm elevated (51.1%) and with both arms 

elevated in the left quadrant position (50.4%). Participants playing instruments in a 

neutral position (i.e., without the elevation of the arms) self-reported a prevalence of 

47.7% of PRMDs. Participants playing musical instruments with only the left arm 

elevated, and singers self-reported a similar prevalence of PRMDs, almost 43% and 

41% respectively (see Figure 5.3).  

 

NoMSK
n=290; 34%

PRMD 
n=408; 48%

MSK
n=152; 18%
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Figure 5.3 Prevalence of self-reported PRMDs among groups according to their playing 

posture and arm position while playing. 

Elevated both frontal: Music students playing musical instruments with both arms elevated in 
a frontal position (i.e., harp, trombone, and trumpet); Elevated both left: Music students playing 
musical instruments with both arms elevated in the left quadrant position (i.e., viola, violin); 
Elevated left: Music students playing musical instruments with only the left arm elevated (i.e., 
cello, double bass); Elevated right: Music students playing instruments with only the right arm 
elevated (i.e., flute, guitar); Neutral: Music students playing instruments in a neutral position, 
without the elevation of arms (i.e., accordion, bassoon, clarinet, euphonium/tuba; French horn, 
harpsicord, oboe, organ, percussion, piano, recorder, saxophone). 

PRMDs, Playing-related musculoskeletal disorder; MSK, Musculoskeletal. 

 

 

5.3.2 Bivariate analysis 

Results of bivariate and explorative multivariable analyses (see next Section 5.3.3) 

derived from the overall sample and from a sub-sample of participants not taking any 

supplements, contraceptives and/or actual medications, did not reveal any statistically 

significant differences amongst bivariate and multinomial logistic regression analysis 

of associations between MSK status and factors reflecting demographics, health-

related status and the playing of musical instrument, in comparison with the overall 

sample’s results. This statistical similarity amongst the findings indicated that the latter 

factors had not intruded substantively and accordingly, the overall sample’s results, 

which involved participants taking supplements, contraceptives and/or actual 

medications, have been reported for simplicity. Statistically significant associations 

with the MSK status variable emerged for eight of the 21 variables considered (see 

Table 5.7), therefore the null hypotheses for both tests were rejected. 
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Table 5.7 Bivariate associations between MSK status and factors reflecting 

demographics, health-related status and the playing of musical instrument. 

 MSK status 
Statistical test result 

 NoMSK PRMD MSK 

Nationality (region)     

South Europe 30% 45% 25% 

χ2 (df, 8) = 46.8*** 

West Europe 40% 52% 8% 

North Europe 37% 47% 16% 

East Europe 14% 54% 31% 

Other 42% 42% 16% 

Total 34% 48% 18% 

     

Academic level     

Pre-college 45% 44% 11% 

χ2 (df, 10) = 28.0*** 

Bachelors 1&2 36% 50% 14% 

Bachelors 3&4 34% 44% 22% 

Masters 1&2 25% 64% 11% 

Masters 3&4 36% 43% 21% 

Gap year/continuing 

education 
31% 46% 23% 

Total 34% 48% 18% 

     

Psychological distress     

[K10 score]     

median (range) 19 (10-46) 20 (10-45) 21 (10-44) χ2 (df, 2) = 8.4** 

     

Perfectionism [HFMPS-SF]     

SPP sub-scale score     

median (range) 16 (5-33) 18 (5-35) 18 (5-35) χ2 (df, 2) = 12.4*** 

     

Fatigue [CFQ 11 score]     

median (range) 11 (1-28) 14 (0-33) 13 (2-33) χ2 (df, 2) = 49.5*** 

     

Years of practice     

median (range) 12 (6-35) 14 (6-34) 13 (6-28) χ2 (df, 2) = 10.4*** 

     

Perceived exertion after 45 

minutes of practice 

without breaks 

   

 

median (range) 4 (0-10) 5 (0-10) 4 (0-10) χ2 (df, 2) = 18.9*** 
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*** p<0.001, ** p<0.01, * p<0.05 

For categorical variables, the musculoskeletal (MSK) status relative distributions (row 
percentages) for every category of the variable considered have been reported, as well as the 
chi-square statistic and its statistical significance level. For continuous variables, the median 
and the range for each MSK status category has been reported, as well as the chi-square 
statistic of the Kruskal-Wallis test and its statistical significance level.  

CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and Flett’s Multidimensional 
Perfectionism Scale – short form; K10, Kessler Psychological Distress Scale; MSK, 
musculoskeletal; PRMD, Playing-related musculoskeletal disorder; SPP, socially-prescribed 
perfectionism. 

 

 

Nationality, academic level, perfectionism, fatigue, years of practice and perceived 

exertion after 45 minutes of practice without breaks (χ2 
(df, 2 to 10) = 10.4 to 49.5; 

p<0.001), as well as psychological distress (χ 2 
(df, 2) = 8.4; p<0.01) were significantly 

associated with MSK status (NoMSK, PRMD and MSK). Participants from countries 

in West Europe self-reported the second-highest prevalence of PRMDs (52%) but 

simultaneously the lowest prevalence of MSK complaints that did not interfere with 

their playing ability (8%) (see Table 5.7). By contrast, participants from East Europe 

self- reported the highest prevalence of PRMDs (54%), a higher level of MSK 

complaints that did not interfere with their playing ability (31%), but also the lowest 

level of no MSK complaints (16%). Furthermore, students at the Pre-college academic 

level self-reported the highest prevalence of no MSK complaints (45%), while first- or 

second-year Masters students were notable for having the highest level of PRMDs 

(64%). Similarly, participants reporting the highest number of years of practice (14 

years), highest perceived exertion after 45 minutes of practice without breaks (5 

units), as well as the highest fatigue level (14 units) also contributed to the self-

reported prevalence of PRMDs. In general, the highest scores recorded for 

psychological distress (21) and perfectionism (18) arose from participants reporting a 

MSK complaint (including PRMDs).  

 

 

 

 

5.3.3 Multivariate analysis 

Table 5.8 reports the RRR for each variable included within the models of the 

multivariable analysis. The pseudo-R2 (Cox-Snell, Cragg-Uhler/Nagelkerke) ranged 

from 0.11 to 0.19, indicating moderate accuracy amongst the models. An acceptable 

goodness-of-fit (0.70 to 0.80) (Hosmer and Lemeshow, 2000) was confirmed by the 
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separate logistic regression estimates of the three models, for which the area under 

the ROC curve ranged from 0.70 to 0.75. In addition, no multicollinearity has been 

identified (average variance inflation factor between 1.02 and 1.06, depending on the 

model). 

 

Table 5.8 Multinomial logistic regression analysis of associations between MSK status 

and factors reflecting demographics, health-related status and the playing of musical 

instrument. 

Variables 

PRMD 

vs 

NoMSK 

MSK 

vs 

NoMSK 

PRMD 

vs 

MSK 

Nationality  

(Reference category: South Europe) 
 

  

 West Europe 0.647* 0.220*** 4.524*** 

 (0.125) (0.061) (1.196) 

 North Europe 0.589 0.410* 1.882 

 (0.180) (0.157) (0.684) 

 East Europe 2.133 2.344 0.391 

 (1.140) (1.352) (0.219) 

 Other 0.615 0.456 2.167 

 (0.254) (0.235) (1.089) 

    

Academic level  

(Reference category: Pre-college) 
 

  

 Bachelors 1&2 1.504 1.776 - 

 (0.460) (0.833) - 

 Bachelors 3&4 1.271 2.210 - 

 (0.388) (0.987) - 

 Masters 1&2 2.747** 2.408 - 

 (0.938) (1.252) - 

 Masters 3&4 1.079 1.875 - 

 (0.337) (0.837) - 

 Gap year/ 1.302 2.811* - 

 continuing education (0.428) (1.286) - 

    

Self-rated health [SRH]  

(Reference category: Excellent) 
 

  

 Very good 1.387 2.547 - 

 (0.445) (1.727) - 

 Good 1.766 3.188* - 
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 (0.549) (1.560) - 

 Fair or poor 2.166* 3.799* - 

 (0.792) (2.067) - 

    

Perfectionism [HFMPS-SF]    

OOP sub-scale score - 1.041* - 

 - (0.019) - 

    

Fatigue [CFQ 11 score] 1.104*** 1.084*** - 

 (0.019) (0.023) - 

    

Years of practice 1.040* - 1.044* 

 (0.020) - (0.022) 

    

Perceived exertion after 45 minutes  

of practice without breaks 

1.009* 

(0.004) 
- 

1.011* 

(0.004) 

  -  

    

Constant 0.085*** 0.026*** 0.621 

 (0.043) (0.019) (0.216) 

*** p<0.001, ** p<0.01, * p<0.05 

The values reported in the table are the relative risk ratios (RRR) and the standard errors, 
which are indicated in parentheses. The RRR indicates how the probability of belonging within 
the comparison group (the first in the column) relative to the probability of belonging within the 
reference group changes with the variable considered. In the first column, the comparison is 
PRMD, and the reference is NoMSK. In the second column, the comparison is MSK, and the 
reference is NoMSK. In the third column, the comparison is PRMD, and the reference is MSK. 
An RRR > 1 indicates that the probability of belonging within the comparison group relative to 
the probability of belonging within the reference group increases as the value of the variable 
increases, while it is the opposite for an RRR < 1.  

CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and Flett’s Multidimensional 
Perfectionism Scale – short form; K10, Kessler Psychological Distress Scale; MSK, 
musculoskeletal; OOP, Other-oriented perfectionism; PRMDs, playing-related 
musculoskeletal disorders. 

 

The analysis identified four different kinds of factors. The variable Nationality West 

Europe was the only overall factor that appeared statistically significant in all three 

models. For instance, as can be seen in Table 5.8 in the first model PRMD vs NoMSK 

(i.e., first column, where PRMD is the comparison group and MSK is the reference 

group), the RRR for West Europe equals 0.647, meaning that the probability of 

belonging within the comparison group is about 35% [This percentage was calculated 

according to the following formula: (0.647-1) ∙ 100= - 35.3%] lower for Western 

European participants compared to Southern European participants, keeping all the 

other variables constant. By contrast, the direction changed in the focal model (i.e., 
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third column PRMD vs MSK), showing that Western European participants had a 

higher probability (RRR=4.524; RRR>1) of belonging within the comparison group.  

 

On the other hand, the MSK factors (i.e., variables statistically significant in the first 

two models but not in the third) were found to be self-rated health [SRH] (in the first 

model RRR=2.166 and in the second model RRR=3.799; RRR>1) and fatigue [CFQ 

11 score] (in the first model RRR=1.104 and in the second model RRR=1.084; 

RRR>1) and thus related to the presence of a MSK complaint in general but not 

specifically to the presence of PRMD. Moreover, PRMD factors (i.e., variables 

statistically significant in the first and third models, but not in the second) were found 

to be years of practice (in the first model RRR=1.040 and in the third model 

RRR=1.044; RRR>1) and perceived exertion after 45 minutes of practice without 

breaks (in the first model RRR=1.009 and in the third model RRR=1.011; RRR>1), 

suggesting that these factors were related to the specific presence of PRMD.  

 

Finally, there was only one PRMD-related single factor and was the variable academic 

level Masters 1&2 (RRR=2.747; RRR>1), which appeared statistically significant in 

the first model PRMD vs NoMSK. When compared to Pre-college, students attending 

the 1st and 2nd year of Masters had a higher probability of belonging within the 

comparison group (i.e., PRMD) compared to not having any MSK complaints. 

 

 

5.4 Discussion 

This chapter focused on the prevalence of PRMDs in a large-scale study population 

of music students at different educational stages (i.e., university-level students and 

Pre-college students) and enrolled in different pan-European music institutions at 

baseline of the research project. Music students participating in this novel large-scale 

study involving 20 European countries self-reported a high prevalence of PRMDs 

(48%). A further goal was to begin to identify variables that might be associated with 

the self-reported presence of PRMDs among this population that ultimately would 

facilitate future longitudinal analyses. As hypothesised, there was a descriptive 

contrast amongst factors associated with the general presence of MSK complaints 

(PRMDs or not) and factors specifically related to PRMDs (see secondary hypothesis 

2 in Chapter 3). Specifically, results highlighted that coming from West Europe, being 

a first- or a second-year Masters student, having more years of experience and higher 

rates of perceived exertion after 45 minutes of practice without breaks were factors 
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significantly associated with self-reported presence of PRMD. In this regard, the 

current study integrates novel and robust descriptive data with explorative and 

speculative analyses via relatively sophisticated statistical modelling for factors that 

may be associated with PRMDs (i.e., multinomial regression model). 

 

The present study’s findings can be contextualised with comparison to those from 

Pre-college participants, who offer a controlled reference as students who have not 

yet been clearly orientated towards a musical career by means of a university 

education. It could be argued that this group of participants were compromised as 

experimental controls reflecting the responses of the general public, as they inevitably 

undertake preparatory training in musicianship (FULLSCORE 'Evaluation for 

Enhancement’ Working Group, 2017). Nevertheless, they would not yet have 

undergone the requisite higher demands and more intense training to further work in 

the highly competitive musical profession. As such, Pre-college participants offered a 

reasonable compromise in regard to the likely responses of the general population, 

while simultaneously allowing this study to remain congruent with both Zaza et al.'s 

restrictive definition of only musicians being eligible to be afflicted by PRMDs, and a 

distinction between PRMDs and non-PRMDs in accordance with recommendations 

from the performing arts medicine field (Baadjou et al., 2016; Berque et al., 2016; Kok 

et al., 2016b; Stanhope et al., 2019a, b). Indeed, nearly half of Pre-college participants 

self-reported having no MSK complaints (45%), as can be seen in Table 5.7. One of 

the most prominent findings indicated that between the different academic levels, the 

prevalence of PRMD had peaked within the Masters 1&2-year group (64%) having 

been recorded at more modest levels within the Pre-college group (44%) and the 

Masters 3&4-year group (43%). Students undertaking subsequent gap years or 

further study recorded an intermediate level of PRMD prevalence (46%). Present 

results are consistent with a recent study that reported a prevalence of playing-related 

health problems varying between 29% at the beginning of their university training and 

42% among second year students, that later decreased to 36% in their third year 

(Spahn et al., 2017).  

 

Remarkably, the peak in prevalence of PRMDs amongst first or second year Masters 

students when collated with their non-PRMDs, contributed a prevalence of MSK 

complaints of 75%. The latter group’s prominence in this regard was also confirmed 

by the multinomial logistic regression analysis in which, when compared to Pre-

college, students attending the 1st and 2nd year of a Masters course were associated 
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with having a higher self-reported prevalence of PRMD (RRR=2.747; RRR>1; see 

Table 5.8). Therefore, secondary hypothesis 1 (i.e., ‘There is a higher prevalence of 

PRMDs among university-level students in comparison with Pre-college students’) 

could be accepted only when considering first or second year Masters students in 

comparison with Pre-college. This trend may be attributed to the fact that this semi-

professional higher musical training (i.e., Masters studies) often requires an increase 

of practising’ hours to deal with higher demands, such as the ability to compete with 

others (Spahn et al., 2017), tolerance and perseverance and the ability to develop an 

effective strategy for self-assessment. These are indispensable attributes for any 

aspiring musician in order to pass the difficult entrance examination, and to become 

familiarised with the higher performance demands that will be inevitable. However, it 

was also notable that a peak in prevalence was recorded by students at the early 

stages of their Masters level education (Masters 1&2), and not amongst students at 

Masters 3&4. It would be interesting to speculate that progression to a third year of a 

Masters level education might represent a critical juncture at which students become 

either increasingly accustomed to the high levels and intensities of practice in order 

to reduce their risk of acquiring a PRMD, or similarly, change their playing technique 

to accommodate the effects of past MSK complaints. In addition, another possible 

reason for the reduction of PRMDs’ prevalence among Masters students at later 

stages could be that, although the literature reports that musicians engage poorly in 

health promoting behaviours (Ginsborg et al., 2009; Kreutz et al., 2008, 2009; Perkins 

et al., 2017), courses and short-term health education programmes have been 

recently developed to integrate useful insight from health professionals as well as 

knowledge from relevant health education settings (Arnason et al., 2018; Matei et al., 

2018; Zander et al., 2010). Students at later stages could have had the possibility to 

engage in these useful programmes and reduce or treat their painful complaint. In 

addition, understanding potential mechanisms underpinning elevated prevalence of 

PRMD may be critical because approximately 12% of musicians abandon their 

musical careers due to such problems (Abréu-Ramos and Micheo, 2007; Wynn Parry, 

2004).  

 

The patterns of prevalence for PRMDs during musicians’ education may also be 

related to different aspects of fatigue and physical exertion. In my findings, the median 

of CFQ 11 for the physical and psychological fatigue assessment (Jackson, 2015) 

and the median of the perceived exertion after 45 minutes of practice without breaks 

were significantly higher among participants reporting PRMDs, suggesting that there 
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was a possible relationship between these variables and playing-related complaints. 

In fact, if considering PRMD vs NoMSK (comparison group: PRMD; reference group: 

NoMSK) in Table 5.8, it can be seen that CFQ 11 score was a statistically significant 

factor, and thus the probability of having a PRMD compared to not having any MSK 

complaint increases by a factor of 1.104 (approximately 10%) for each additional point 

of the CFQ 11 score, keeping all the other variables constant. Nevertheless, these 

findings should be considered cautiously as they reflect speculative logistic regression 

modelling of multiple candidate variables within a cross-sectional design involving 

necessarily self-reported data.  

 

Previous research regarding the effect of pain on muscle fatigue has reported that 

pain significantly influences fatigue (Falla et al., 2004; Roy et al., 1989, 1990). Another 

research study on athletes has shown that accomplishing peak performance depends 

on effective fatigue’ management, taking into account both fatigue and recovery 

processes (Mohr et al., 2003). Nevertheless, despite the similarities between elite 

athletes and musicians regarding the motivation, dedication and intensity with which 

they practise their activity, in sport, muscle regeneration and time to recovery are 

usually considered a fundamental way in order for the body to return to a homeostatic 

state (Mujika et al., 2018), and thus to maximise performance and muscle adaptation. 

Sport training has experienced a great evolution during the last century, especially in 

terms of biological individuality and specificity, adaptation, as well as periodisation 

(Brocherie et al., 2020; Hainline et al., 2017). It is well recognised that the division in 

periods (pre-preparation, preparation, competition and transition) is beneficial in order 

to optimise the preparation for the competition and to enhance the performance itself 

(Vetter and Symonds, 2010). In the organisation of sport training, periodisation is used 

to adapt the intensity, length and frequency of physical loading to optimise continuous 

development of performance, without excessive exertion that may increase the risk of 

injury for athletes (Smith, 2003).  

 

Although these rules should be applied also within the performing arts field, such 

approaches based on periodisation are not familiar concepts in musical settings, 

where rehearsal and performance schedules for instrumentalists are typically 

organised without any concern for physical loading and the guidelines for fatigue 

management are generally ignored in the musical environment (Drinkwater and 

Klopper, 2010; Rickert et al., 2013, 2015). Specifically, musicians should be guided 

to adopt biomechanically optimal positions during practising and playing according to 
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the instrument played, similar to how athletes are supervised differently based on their 

sports. Although artistic accomplishment will always be the focus of rehearsals and 

performances, elevated rates of MSDs among instrumentalists indicate that a more 

long-term ‘health-conscious’ perception is also important. In fact, an instrumentalist 

who is injured or fatigued and thus physically incapable of playing can no longer 

express his or her talent and reach the highest levels of performance. According to 

Rickert et al. (2014a), musicians often have a low-level of ‘control’ over intensity of 

practice time, repertoire and busy schedules that may in turn lead to increased stress 

and physical effort. In fact, as can be seen in Table 5.8, the perceived exertion after 

45 minutes practice without breaks was statistically significant in the PRMD vs 

NoMSK (RRR=1.009; RRR>1) and PRMD vs MSK (RRR=1.011; RRR>1) 

comparisons, but not in the MSK vs NoMSK comparison, suggesting that this factor 

might be related to the specific presence of PRMD, although a further longitudinal 

analysis will allow a careful evaluation of this important aspect.  

 

In regard to a wider perspective on health-related artistic accomplishment and the 

impact of injury on participation, my findings have shown that, when compared to the 

reference category of having ‘excellent’ health, the category ‘fair or poor’ was 

associated with having a higher self-reported prevalence of a MSK complaint (PRMD 

or not) (in the first model RRR=2.186 and in the second model RRR=3.799; RRR>1; 

see Table 5.8).  These findings indicate that the impact of PRMDs on students’ health 

may be highly significant and are in line with previous evidence that painful MSK 

complaints may be related to a lower perception of life-quality and hamper playing-

quality (Baadjou et al., 2016). For instance, a similar picture is provided by other 

studies that have investigated health perception among music students, who rated 

their health worse compared to an age-and sex matched group of students who did 

not play music and reported worst behaviour records of health responsibility 

(Ginsborg et al., 2009; Kok et al., 2013b; Kreutz et al., 2008, 2009; Perkins et al., 

2017). Similarly, Rickert et al. (2015) reported an insufficient health awareness of 

injury among students playing the cello and Kreutz et al. (2009) showed poor stress 

management, inadequate nutrition and low levels of health responsibility among 

music students, suggesting a consistent need for continuing to develop strategies to 

enhance health support as an essential aspect of conservatoire and music university 

education by for instance integrating it into students’ curricula and learning (Perkins 

et al., 2017; Rickert et al., 2015; Williamon and Thomson, 2006).  
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During their professional training, music students should learn how to cope with 

physical and psychological demands with the help of preventive measures. Body-

oriented courses (i.e., posture, strength and conditioning exercises) and relaxation 

techniques, as well as psychological programmes for stress and wellbeing have been 

shown to have a preventive effect (Matei et al., 2018; Spahn et al., 2001, 2014; Zander 

et al., 2010). This indicates that better results on MSK complaints among music 

students could be obtained by addressing health awareness and attitudes to injury at 

the university or even at the Pre-college. Therefore, strengthening attitudes and 

behaviours toward health music making will create a step change in educational and 

employment contexts, shaping future practice and addressing injury prevention to 

possibly avoid or at least reduce incidences of PRMDs. According to Rickert et al. 

(2015) and Spahn et al. (2014), health behaviours toward prevention may be easier 

to be addressed in the younger generation of musicians who may not already have 

such established habits. Preventive courses and health promotion among musicians 

should start already at the beginning of their musical training, with the objective to 

protect music students from PRMDs during their studies and to prepare them for the 

future professional demands. For instance, music students without complaints at the 

beginning of their professional education would benefit of an increasing sensitisation 

in health promotion and injury prevention. On the other hand, students already 

suffering from health concerns need to be informed about potential strategies to 

reduce symptoms (Spahn et al., 2014). 

 

Consistent with previous studies (Cruder et al., 2018; Kok et al., 2016b), there was 

no statistical evidence of an association between PRMDs and instruments’ 

classification. Despite the large size of my study’s sample, instrument-specific 

analyses were not viable statistically, and anatomically relevant categories of playing 

position were used instead (Kok et al., 2017; Nyman et al., 2007). Participants playing 

musical instruments with both arms elevated in a frontal position self-reported the 

highest prevalence of PRMDs (54.4%) and singers self-reported the lowest 

prevalence (40.8%). In the previous literature, playing string versus other instruments 

(Leaver et al., 2011; Paarup et al., 2011; Steinmetz et al., 2015; Zaza et al., 1998) 

and with elevated arms (Kok et al., 2017; Nyman et al., 2007) provoked higher 

prevalence. It is plausible that any conflict amongst these findings may be attributed 

to heterogeneity of instrument group' classification or restricted study sample sizes 

with the contemporary literature. As such, evidence from future studies involving 

large, instrument-specific populations or consensus classification would facilitate 
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meta-analytical synthesis and further understanding of the effects of biomechanical 

stress (Baadjou et al., 2016). 

 

The regional distribution of the prevalence of PRMDs appears to be relatively 

homogeneous, despite East and West European participants self-reporting slightly 

higher rates (54% and 52%, respectively).  In addition, West Europeans also self-

reported lower prevalence of non-playing related disorders (8%) compared with East 

European counterparts (31%). This finding was corroborated by multinomial 

regression analyses (see Table 5.8), in which Western European participants had a 

lower probability of having a MSK complaint (in the first model RRR=0.647 and in the 

second model RRR=0.220; RRR<1) compared to Eastern Europeans, but a higher 

probability of having a PRMD relative to having a generic MSK complaint 

(RRR=4.524; RRR>1) with relatively greater perceived interference with musical 

performance. It may be speculated that West European participants tended to suffer 

less from MSK complaints than their East European counterparts due to preventative 

interventions being more common in this region (Baadjou et al., 2018b; Kok et al., 

2013b; Spahn et al., 2004, 2017). Future studies might explore music students' health 

education and health-related behaviours in order to further understand their potential 

impact on PRMD prevalence and impact. For instance, it is plausible that participants' 

origins might be considered as an important factor because knowing where 

participants have lived most of their lives can provide important information about their 

experience with regard to their instrumental practice and cultural preferences, and 

thus assessing the probability for developing a PRMD. These results could be 

employed to develop or improve targeted initiatives for prevention to improve musical 

performance and to enhance physical endurance, while avoiding overuse injuries and 

reducing muscular fatigue. 

 

 

5.4.1 Limitations 

There are limitations to be aware of when considering the findings. Firstly, the study 

used self-reported data without any physical examination to formally exclude any 

serious diseases that affect the musculoskeletal system. Nonetheless, the self-

reported data was used in the best way possible to exclude some participants who 

had reported either histories of neurological, rheumatic and psychological disorders, 

or recent surgeries to the upper limb or spine, in order to ensure that the sample 

comprised only ‘healthy’ participants. In addition, bivariate and multivariable analyses 



143 

were performed on the overall sample and on a sub-sample of participants not taking 

any supplements, contraceptives and/or actual medications to verify whether such an 

exogenous contribution could have biased the results or have influenced the 

responses. Secondly, this study used a web-based questionnaire that has the benefit 

of being able to reach the widest range of potential respondents in a more cost 

effective and safe way, but this could also represent a limitation. Furthermore, the 

invitation for participants to complete the questionnaire was sent by the school 

registries and not by the researchers, without the possibility of reinforcing the invitation 

by sending a reminder in another form (e.g., via a telephone interview). In addition, 

relevant information from non-respondents had not been accessible, which could 

have been used to assess for the intrusion of biases within the study’s results. 

However, the sample size was quite large, and this could be considered as adding 

robustness to the study’s findings and enhancing the facilitating knowledge about the 

prevalence and development of PRMDs. Furthermore, this study was performed 

amongst music students without a control group of non-musicians. However, as the 

distinction between PRMDs and non-PRMDs had been purposely emphasised within 

this study, this aspect could not have been achieved by including and considering the 

responses from a group of non-musicians. As described previously (Cruder et al., 

2019), Pre-college students, who would have been expected to have the least 

experience of musicianship, acted as a reference group. Additionally, the present 

explorative research study did not encompass complete coverage of all the potential 

factors contributing to precision within multinomial regression analyses predicting 

PRMDs in music students. Nonetheless, the models offered acceptable statistical 

power, absence of any multicollinearity and acceptable goodness of fit (0.70 to 0.80) 

(Hosmer and Lemeshow, 2000). The latter metric in particular suggests that other 

factors that were outside of the scope of this study, were influencing prevalence of 

PRMDs, and should be considered within future research.  

Examining the baseline data is an initial and necessary exploratory step toward better 

characterising the study population and the characteristics associated with self-

reported PRMDs. It will help to guide further examination of my sample from a 

longitudinal perspective to determine the relative stability of these initial findings over 

time.  

 

 

5.5 Conclusions 
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The results of this study revealed a high prevalence of PRMDs among music students 

(48%) and a variety of factors associated with the self-reported presence of PRMDs 

(i.e., coming from West Europe, being a first- or a second-year Masters student, 

having more years of experience and higher rates of perceived exertion after 45 

minutes of practice without breaks), highlighting the need for relevant targeted 

interventions as well as effective prevention and treatment strategies. Although the 

results of this study should be interpreted with caution due to the cross-sectional and 

self-reported nature of the data, they reflect the findings from a relatively large-scale 

investigation involving multiple centres across Europe and importantly, students at 

different stages of their education (from Pre-college to Masters levels). These findings 

may contribute important adjunct findings to those from the antecedent literature 

facilitating effective approaches towards primary prevention of PRMDs and their 

associated burden among music students and professionals. They may usefully raise 

awareness further within the musical and scientific communities. 
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6 CHAPTER 6 

Differences in the characteristics 

associated with current PRMDs and non-

PRMDs among music students  
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6.1 Introduction 

According to the baseline findings pertaining to the large-scale study population 

enrolled in several pan-European universities of music described in the previous 

Chapter 5 (Cruder et al., 2020), 65% of music students self-reported painful MSK 

complaints and 48% self-reported a PRMD in the past 12 months. In conjunction, 

evidence of substantive and maintained prevalence of PRMDs over an educational 

epoch for music students suggests the possibility of tracking of mechanistic effects 

within professional levels. Nevertheless, as previously discussed within Chapter 1, 

Section 1.3.1, the extent of the effects of PRMDs on musicians vary according to 

different personal characteristics and the functional demands of each individual, as 

well as to external aspects, involving a complex interplay of  biological, physical and 

psychosocial factors (Heerkens et al., 2017; WHO, 2002). Specifically for PRMDs, the 

emotional, physical and occupational effects could be detrimental and disabling for 

musicians (Zaza, 1995), with significant limitations and functional impairments in their 

playing ability and therefore in their life. As discussed in the section reporting the 

development of PRMDs’ definition conducted by Zaza and colleagues (1998) (see 

Chapter 2), the identification of a disorder affecting the playing ability has a personal 

attribute, potentially under musicians’ control (Zaza, 1995). This personal variability in 

what is important and what is meaningful may influence both the behaviour and 

functioning of the individual (Fillingim, 2017). A patient-centred approach to health 

care, and therefore the understanding of the individual's distinctive and personal 

perspective in relation to their own experience with the condition, is fundamental for 

clinical management (Zaza et al., 1998). Within such an approach, health 

professionals might have the possibility and the responsibility to minimise their 

patients' MSD burden by trying to understand the connection that exists between the 

personal meanings that patients attribute to a given condition (especially in relation to 

function) and the perceived causes leading to its occurrence.  

 

Investigating significant differences in characteristics between musicians with and 

without PRMDs could be helpful in the exploration of different aetiologies and in the 

subsequent development of tailored treatment strategies to be addressed among 

musicians. An attempt in this direction was made in this thesis in the overview on 

baseline participants included in Chapter 5, which reported specific factors 

significantly associated with self-reported presence of PRMDs and factors related to 

MSK complaints (both PRMDs and non-PRMDs) through bivariate and multinomial 

regression analyses (Cruder et al., 2020). Results showed that, as hypothesised, 
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there was a descriptive contrast amongst the two groups. Similarly, among other 

studies discriminating participants with and without PRMDs, albeit with different 

purposes, results suggested that some differences exist especially in distinctive 

characteristics of the two groups (Baadjou et al., 2018a; Möller et al., 2018). In a study 

investigating muscle activity patterns among viola and violin players with and without 

PRMDs, Möller and colleagues (2018) showed a higher activity in the muscles of 

instrumentalists with PRMDs, indicating a possible correlation of muscle fatigue and 

muscular overuse (Hodges and Tucker, 2011; Möller et al., 2018). Despite having a 

small sample size, this finding was consistent with a previous study conducted on elite 

pianists (Bragge et al., 2008) showing that participants with higher levels of muscle 

tension when playing the piano were more likely to experience a PRMD. In addition, 

Baadjou et al. (2018a) found a low association between pain and PRMDs in a study 

among 130 university-music students in the Netherlands, suggesting that these two 

variables are based on different concepts. Remarkably, the authors concluded that 

the results on studies considering pain and PRMDs cannot be combined because 

musicians do not experience PRMDs as pain (Baadjou et al., 2018a). In order to 

corroborate the evidence and to enhance an epidemiological appreciation on PRMDs, 

further studies regarding existing difference in clinical features and locations of 

symptoms, as well as in the associated factors between musicians with and without 

PRMDs are needed. 

 

While pain is a symptom, the definition of PRMDs developed by Zaza, albeit 

containing a list of potential symptoms including pain, might instead embed also an 

important component related to function and disability (i.e., interference with playing 

ability). Interestingly, Baadjou et al. (2018a) also reported a difference between 

participants with and without PRMDs in the reporting of occurrence among the 

affected locations, confirming the difference between these conditions among music 

students. PRMD participants reported symptoms primarily in the hands, arms and 

shoulders (50%), back (26%) and neck (18%), whereas non-PRMD group reported 

pain occurrence in the back (36%), followed by hands, arms and shoulders (33%) and 

neck (19%).  

 

In relation to this latter point, a hierarchical cluster analysis with part of the data 

included within this thesis was conducted in order to explore patterns of pain location 

as well as to explore the association between the identified pain patterns and 

students’ characteristics (Cruder et al., 2021a, b; see Appendix VIIIa, b). The identified 
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clusters were five: wrist pain (WP) representing 22.6% of the total sample, widespread 

pain (WSP) (16.9%), right shoulder pain (RSP) (18.5%), both shoulders pain – left 

concentrated (LSP) (23.2%), neck and back pain (NBP) (18.8%). The largest number 

of associated variables in the bivariate analysis emerged in the WSP cluster: a higher 

percentage of women, higher rates of perceived exertion and psychological distress 

and a lower level of self-efficacy. Similarly, a higher percentage of participants 

included in the WSP cluster perceived their musical activity as the main cause of their 

pain. In addition, a higher level of disability in relation to playing-related activity was 

reported by participants included in the WP and WSP clusters. The RSP cluster was 

characterised by a higher percentage of participants playing an instrument in a neutral 

position and lower levels of socially-prescribed perfectionism. A higher percentage of 

participants playing an instrument with both arms elevated in the left quadrant position 

were included in the LSP cluster and a higher percentage of singers were included in 

the NBP cluster. The multivariate clustering approach based on homogeneity of 

patterning might be offering a more precise and empirical representation of the 

population’s burden. Elucidating the characteristics of a key symptom of PRMDs (i.e., 

pain) more fully (and in a novel way) might facilitate further understanding and 

contextualisation of the relevant issues. This novel approach might reasonably form 

the basis for even more sophisticated and comprehensive long term-research to 

quantify the impact trajectories of patterns of pain affecting musicians at specific 

anatomical sites, and the efficacy of standardised interventions for both primary and 

secondary prevention. For example, prophylactic strategies for the management of 

pain before its escalation to chronic levels have been advocated (Stanhope and 

Weinstein, 2021), together with approaches offering greater insights into the 

exploration of different aetiologies and personal significance of pain amongst 

musicians.  

 

As outlined in Chapter 1 and 2, there is currently a gap in the research evidence 

associated with being able to understand the scope and extent of PRMDs based on 

flawed descriptions and definitions. Therefore, whereas in the previous chapter I 

focused on all music students participating at the baseline survey, in this chapter the 

investigation has been extended, focusing only on the results of participants self-

reporting a current MSK complaint. The aim of this chapter was to explore and 

contextualise significant differences in the characteristics of music students self-

reporting current MSK complaints at baseline, addressing secondary research 

question 3 (i.e., ‘Are there any differences in the characteristics associated with 
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current PRMDs among music students?’). Additionally, the associations between 

PRMDs and their demographic, clinical and musical instrument-playing 

characteristics were explored.  

 

 

6.2 Methods 

This cross-sectional study focuses on part of the baseline data of the longitudinal 

study, whose results are reported in Chapter 7. Due to the nature of the study 

investigated in this doctoral research project (longitudinal study), the research 

measures and procedures for the results discussed in this chapter are the same as 

those described in Chapters 4 (i.e., methodology chapter).  

The reader is referred to Sections 4.2, 4.3, 4.4, 4.5, 4.6, 4.7 for further information 

about study design, recruitment procedures and participants, ethical approval, study 

protocol and research measures. As the present chapter consists of a secondary 

analysis focusing only on music students reporting current MSK complaint at baseline 

to identify significant differences in the characteristics associated with PRMDs, the 

research measures involved were those included in Section 1, 2 and 3 of the web-

based questionnaire described in detail within Chapter 4, Section 4.6.  

 

 

6.2.1 Participants 

Participants were drawn from 850 music students enrolled in pan-European 

universities and in the longitudinal study. Inclusion required self-reported current MSK 

condition (i.e., occurring within 1 month prior to survey’ completion), aged over 18 

years old, and be a Pre-college and/or university-level student playing a musical 

instrument commonly used in classical music as a main subject, as well as attending 

gap year programmes or continuing education courses. Exclusion criteria comprised 

participants self-reporting severe, disabling neurological and/or rheumatic (e.g., 

fibromyalgia syndrome, rheumatoid arthritis, focal dystonia) and/or psychological 

(e.g., diagnosed severe borderline personality disorders) conditions in the past 12 

months, as well as accidents (e.g., motor vehicle accident) in the past 12 months 

and/or surgery of the upper limbs and/or the spine in the past 12 months.  

6.2.2 Statistical analysis 

Descriptive statistics were used to summarise and present the data. For categorical 

variables, absolute and relative frequency distributions were presented, while for 
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continuous variables, the median value and the range were used to summarise the 

variables, since the normality test (i.e., Shapiro Wilk test) showed that all variables 

considered were non-Gaussian. 

 

Furthermore, bivariate statistical tests were used to identify the associations between 

PRMD prevalence and demographic variables, those with reference to the health-

related status and those related to the playing of musical instruments, as well as 

variables related to MSK complaints (i.e., duration, pattern, intensity, PRMDs, 

location, cause attributed to the musical activity, disability and self-efficacy). 

Specifically, chi-square was used to analyse the association between PRMD 

prevalence and categorical and continuous variables, respectively, while Mann-

Whitney U tests explored differences in outcomes between PRMD vs non-PRMD 

groups (see Table 6.5 PSEQ score and Perceived exertion after 45 minutes of 

practice without breaks). 

 

 

6.3 Results 

A cohort of 340 participants self-reported a current MSK condition and were therefore 

retained for the present study. 

 

 

6.3.1 Descriptive statistics 

The following tables show descriptive features of the participants, including 

demographic variables (Table 6.1), those with reference to the health-related status 

(Table 6.2), those related to the playing of musical instruments (Table 6.3) and those 

related to the MSK complaint (Table 6.4). 

 

The sample was composed for two thirds of women and one third on men, and the 

median age was 22 years old (range 18-45 years old). Most of the participants came 

from South (54%) or West (28%) Europe, while approximately 20% came from other 

European regions or other countries. Around 70% of participants were Bachelor’s and 

Master’s degree students, whereas the remaining 30% were Pre-college students or 

fell into the ‘Gap year/continuing education’ category. 

 

Table 6.1 Descriptive statistics of demographic variables. 
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Variable n % 

Gender Women 225 66.2% 

(n=340) Men 112 32.9% 

 Other 3 0.9% 

    

Age in years 

(n=340) 

median  22  

range 18-45  

    

Nationality (region)* 

(n=340) 

South Europe 184 54.1% 

West Europe 94 27.7% 

North Europe 28 8.2% 

 East Europe 17 5.0% 

 Other 17 5.0% 

    

Academic level 

(n=340) 

Pre-college 32 9.4% 

Bachelor 1&2 51 15.0% 

 Bachelor 3&4 69 20.3% 

 Master 1&2 55 16.2% 

 Master 3&4 73 21.5% 

 Gap 

year/continuing 

education 

60 17.6% 

*This classification was made according to United Nations, S. D. Standard Country or Area 
Codes for Statistical Use, Series M, No. 49 (M49) 
<https://unstats.un.org/unsd/methodology/m49/> (1999). 

 

 

Table 6.2 Descriptive statistics of variables with reference to the health-related status.  

Variable n % 

BMI in kg·m-2 median 21.5  

(n=332) range 15.3-35.9  

    

Self-rated health [SRH] Excellent 16 4.7% 

(n=340) Very good 74 21.8% 

 Good 174 51.2% 

 Fair 67 19.7% 

 Poor 9 2.7% 

    

Hours of sleep  median 7  

(n=340) range 4-9  

    

https://unstats.un.org/unsd/methodology/m49/
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Smoking Yes 63 18.5% 

(n=340) No 277 81.5% 

    

Medications Nothing 273 80.3% 

(n=340) 
Supplement/ 

contraceptive 

29 8.5% 

 Medicine 38 11.2% 

    

Physical activity participation 

levels [IPAQ-SF score] 

(n=337) 

Low 

Moderate 

High 

60 

178 

99 

17.8% 

52.8% 

29.4% 

    

Psychological distress  

[K10 score] 

median 

range 

21 

10-45 

 

(n=337)    

    

Perfectionism [HFMPS-SF score]    

SOP sub-scale score median 26  

(n=329) range 9-35  

    

OOP sub-scale score median 19  

(n=334) range 7-35  

    

SPP sub-scale score median 18  

(n=333) range 7-35  

    

Fatigue [CFQ 11 score] median 15  

(n=332) range 0-33  

BMI, Body Mass Index; CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and Flett’s 
Multidimensional Perfectionism Scale – short form; IPAQ-SF, International Physical Activity 
Questionnaire – short form; K10, Kessler Psychological Distress Scale; OOP, Other-oriented 
perfectionism; SOP, Self-oriented perfectionism; SPP, Socially-prescribed perfectionism. 

 

 

As regards the health of participants, the median body mass index (BMI) of 

participants equalled 21.5 (range 15.3-35.9), where 25% were outside the ‘healthy 

weight range’ (between 18.5 and 24.9) and therefore classifiable as underweight (9%) 

or overweight (16%). Additionally, only 25% of the participants self-perceived their 

health as being ‘very good’ or ‘excellent’, while 51% indicated a good health status 

and 22% a fair or poor health status. Albeit ranging between a total of 4 and 9 hours 

per night, the median number of sleep hours was 7, whereas smoking characterised 

slightly less than 20% of the sample. The vast majority of participants did not take any 
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medication (20.3%), while 8.5% assumed supplements or contraceptives and 11.2% 

assumed medications (e.g., antidepressant). On the other hand, the IPAQ-SF score 

showed that 30% of the participants reported a low weekly level of physical activity 

participatory level, while 53% reported a moderate level and 18% a high level. The 

median psychological distress (i.e., K10 score) was around 21 (range 10-45), 

indicating - according to the score thresholds – an overall potential presence of a mild 

disorder (the median score of 21 is slightly above the threshold of the disorder-free 

range of 10-19).    

 

The results of scores for each of the subscales of the Multidimensional perfectionism 

scale, representing self-oriented perfectionism (SOP score), other-oriented 

perfectionism (OOP score) and socially-prescribed perfectionism (SPP score), 

indicated that the participants included in the sample reported a higher degree of SOP 

(median score of 26, range 9-35) when compared to OOP and SPP perfectionism 

(median scores of 19 and 18, range 7-35, respectively). Lastly, the median fatigue 

score (i.e., CFQ 11 score) equalled 15 (range 0-33). 

 

 

Table 6.3 Descriptive statistics of variables related to the playing of musical 

instruments. 

Variable n % 

Instrument [classification] Elevated both frontal 28 8.2% 

(n=340) Elevated both left 65 19.1% 

 Elevated left 28 8.2% 

 Elevated right 50 14.7% 

 Neutral 132 38.8% 

 Voice 37 10.9% 

    

Years of practice median 13  

(n=340) range 6-34  

    

Hours of practice per day median 3  

(n=340) range 3-8  

    

Perceived exertion after 45 

minutes of practice without 

breaks 

median 

range 

5 

0-10 
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(n=340)    

    

Preparatory exercises  Yes 149 43.8% 

(n=340) No 191 56.2% 

    

Breaks during practice Yes 210 61.8% 

(n=340) No 130 38.2% 

Elevated both frontal: Music students playing musical instruments with both arms elevated in 
a frontal position (i.e., harp, trombone, and trumpet); Elevated both left: Music students playing 
musical instruments with both arms elevated in the left quadrant position (i.e., viola, violin); 
Elevated left: Music students playing musical instruments with only the left arm elevated (i.e., 
cello, double bass); Elevated right: Music students playing musical instruments with only the 
right arm elevated (i.e., flute, guitar); Neutral: Music students playing musical instruments in a 
neutral position, without the elevation of arms (i.e., accordion, bassoon, clarinet, 
euphonium/tuba; French horn, harpsicord, oboe, organ, percussion, piano, recorder, 
saxophone). 

 

 

According to their playing posture and arm position while playing, participants were 

allocated into six groups (refer to Chapter 4, Section 4.3). As can be seen in Table 

6.3, approximately 40% of participants played an instrument requiring a neutral 

position (i.e., without any elevation of one or both arms), while 19% played an 

instrument with both arms elevated in the left quadrant position and approximately 

15% played an instrument with only the right arm elevated. Around 8% played a 

musical instrument with both the arms elevated in a frontal position or with only the 

left arm elevated, while 11% were singers. Overall, the participants self-reported a 

median of 13 years of practice, while the median daily hours of practice were three 

(range 3-8) and the median perceived exertion after 45 minutes of practice without 

breaks was 5 out of 10 (range 0-10). In relation to practice behaviours, approximately 

45% of the sample declared to do preparatory exercises before starting their daily 

practice, while approximately 60% affirmed to do breaks during practice.  

 

 

Table 6.4 Variables related to the painful musculoskeletal complaint. 

Variable n % 

Pattern  Continuous steady constant 112 32.9% 

(n=340) Rhythmic periodic intermittent 134 39.4% 

 Brief momentary transient 94 27.7% 

    

Intensity [VAS] median 4  
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(n=340) range 1-10  

    

Playing-related disability  

[PAS Q-DASH score] median 31.3 

 

(n=232) range 0-100  

    

Disability [PDI score] median 15  

(n=265) range 1-51  

    

Pain self-efficacy  

[PSEQ-2 score] 

median 

range 

10 

12-2 

 

(n=340)    

PAS Q-DASH, Performing Arts Section of the Quick Disabilities of the Arm, Shoulder and Hand 
Outcome Measure; PDI, Pain Disability Index; PSEQ-2, 2-Item Short Form of the Pain Self-
Efficacy Questionnaire; VAS, Visual Analogue Scale. 

 

 

In relation to the variables related to the painful MSK complaints (see Table 6.4), 

nearly 40% of participants indicated their MSK complaint as being ‘rhythmic, periodic, 

intermittent’, while the percentage lowered to 33% for ‘continuous, steady, constant’ 

complaints and to 28% for ‘brief, momentary, transient’ complaints. While the median 

intensity score was 4 out of 10 (range 1-10), playing-related disability assessed using 

the performing arts section of the Q-DASH equalled 31.3 (range 0-100), whereas the 

median disability score (PDI) was 15 (range 1-51) and the median PSEQ-2 score was 

10 (range 12-2). 

 

The MSK status of participants was determined according to the answer to the ‘case’ 

definition question reported in Chapter 4, Section 4.6 and defined by Zaza et al. 

(1998): ‘Do you have pain, weakness, lack of control, numbness, tingling or other 

symptoms that interfere with your ability to play your instrument at the level you are 

accustomed to?’ A total of 238 participants (70.0%) out of 340 considered their MSK 

complaint a PRMD (see Figure 6.1). 
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Figure 6.1 Prevalence of PRMDs among participants. 

Prevalence of self-reported playing-related musculoskeletal disorders (PRMD, n= 238; 70%) 
and self-reported musculoskeletal complaint not related to the musical practice (non-PRMD, 
n=102; 30%). 

PRMD, Playing-related musculoskeletal disorder. 

 

 

Although participants reported similar results in relation to PRMD prevalence, singers 

self-reported the highest prevalence (73.0%), followed by participants playing 

instruments with both arms elevated in a frontal position and with only the left arm 

elevated (71.4% in both figures). Participants playing musical instruments with both 

arms elevated in the left quadrant position self-reported a prevalence of 70.8% of 

PRMDs, whereas participants playing instruments in a neutral position (i.e., without 

the elevation of the arms) self-reported a prevalence of 68.9% of PRMDs. Finally, 

participants playing instruments with only the right arm elevated self-reported the 

lowest prevalence of PRMDs (68%) (see Figure 6.2).  

 

PRMD
n=238; 70%

non-PRMD
n=102; 30%
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Figure 6.2 Prevalence of self-reported PRMDs among groups according to their playing 

posture and arm position while playing. 

Elevated both frontal: Music students playing musical instruments with both arms elevated in 
a frontal position (i.e., harp, trombone, and trumpet); Elevated both left: Music students playing 
musical instruments with both arms elevated in the left quadrant position (i.e., viola, violin); 
Elevated left: Music students playing musical instruments with only the left arm elevated (i.e., 
cello, double bass); Elevated right: Music students playing instruments with only the right arm 
elevated (i.e., flute, guitar); Neutral: Music students playing instruments in a neutral position, 
without the elevation of arms (i.e., accordion, bassoon, clarinet, euphonium/tuba; French horn, 
harpsicord, oboe, organ, percussion, piano, recorder, saxophone). 

PRMD, Playing-related musculoskeletal disorder. 

 

 

Furthermore, as reported in Figure 6.3, the large proportion of the participants 

included in both groups indicated that the musical instrument was perceived to be the 

cause of their MKS complaints, albeit the PRMD group self-reported a slightly higher 

percentage (82.6%) compared to the non-PRMD group (79.4%).  

 

71.4% 70.8% 71.4% 68.0% 68.9% 73.0%

28.6% 29.2% 28.6% 32.0% 31.1% 27.0%
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Figure 6.3 Distribution of participants reporting the instrument to be the perceived 

cause of their painful musculoskeletal complaints. 

PRMD, Playing-related musculoskeletal disorder. 

 

 

Additionally, participants had the opportunity to add their own perceptions regarding 

the causes of their MSK complaint (see Figure 6.4). 

 

 

Figure 6.4 Distribution of causes self-reported by participants. 

 

The most frequent cause was attributed to the playing position or posture while 

playing, reported by almost 60% of participants, followed by muscle tension while 

practising or playing (20.9%), psychological distress (19.5%) and poor practice 

behaviour (19.2%). In relation to the latter, one participant indicated that a potential 

cause was ‘sitting for a long time without a backrest. At the beginning I can maintain 

a correct posture but after about 4-5 hours my back gets tired, and I end up having 
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pains that make me take a wrong posture. On the other hand, as I have a bad 

technique, I tense my arms when studying, which makes me have to stop immediately 

to relax.’ Another participant perceived the cause as being ‘playing with poor 

technique, not having breaks soon enough during practicing or not taking days off 

from playing, just flexing or using the muscles when not necessary so that they get 

tired really fast’. Indeed, participants reported also the constant overload using 

repetitive movements (17.8%), over practising (46.8%) or using excessive physical 

effort while playing (16.4%), followed by a perceived stiffness (46.1%) as being 

potential causes for their MSK complaints. Lastly, amongst the causes not directly 

related to their musical instrument, participants indicated the lack of exercise or a 

sedentary lifestyle (8.6%), followed by sleeping problems (7.5%) and other causes 

(6.2%). 

 

Furthermore, the location of MSK complaints was assessed according to the 15 

anatomical areas (i.e., neck, right shoulder, left shoulder, upper back, low back, right 

elbow, left elbow, right wrist/hand, left wrist/hand, right hip/thigh, left hip/thigh, right 

knee, left knee, right ankles/foot, left ankle/foot) included in the Standardised Nordic 

Questionnaire (Kuorinka et al., 1987).  

 

Figure 6.5 Distribution of location of painful MSK complaints among 

participants.  

The anatomical areas and the layout of the original Nordic Questionnaire (Kuorinka et al., 
1987) with the affected areas, as well as the graph with the number of participants who self-
reported a painful MSK complaint in specific areas of the body, have been reported. Dark red 
represents the most frequently reported area throughout all participants. 
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The results indicated that the neck (59.1%) and shoulders (43.2% on the right and 

40.3% on the left) areas, as well as the back (37.7% in the upper part and 37.1% in 

the lower part) were the most frequently affected areas throughout the participants 

(Figure 6.5). The percentages regarding the occurrence of MSK complaints by 

location would seem to indicate no differences between the left and the right side. 

Furthermore, when considering the location of symptoms of participants with PRMDs 

and participants without PRMDs (Figure 6.6), both groups self-reported an overall 

higher prevalence in the areas of the upper body (neck and shoulders, upper and low 

back, elbows and wrists/hands). Interestingly, although the neck was the most 

affected area amongst the two groups, the PRMD groups self-reported a higher 

prevalence (60.1%) in comparison with the non-PRMD group (56.9%). The 

prevalence of MSK complaint was similar in the right shoulder, albeit a slightly higher 

percentage for the PRMD group (43.7% vs 42.2%) but the difference was larger in 

the left shoulder, where the PRMD group self-reported an average prevalence of 

43.3% as opposed to the non-PRMD group, who self-reported on average a lower 

percentage (33.3%). Another similar result could be observed in the low back, where 

the average prevalence for the PRMD group was 40.3% and for the non-PRMD group 

was 29.4%. On the other hand, the prevalence of upper back was similar amongst 

the groups (37.8% in the PRMD group and 37.3% in the non-PRMD group). Moreover, 

the percentages of both elbows considerably differed amongst the two groups. The 

prevalence of PRMDs in the right elbow equalled 11.3% and 6.9% in the non-PRMD 

group. This difference became even more prominent in the left elbow, where the 

percentage of the PRMD group was 15.5% and in the non-PRMD groups was almost 

5%. Albeit higher in the non-PRMD group (30.4% in the right and 27.5%) than in the 

PRMD group (29.4% in the right and 26.5% in the left), the prevalence of MSK 

complaints in the wrists/hands was quite similar amongst the groups. With regard to 

the low part of the body, the non-PRMD group self-reported a higher prevalence in 

the right knee (8.8% in the non-PRMD group vs 6.7% in the PRMD group) and in the 

ankles/feet (7.8% in the non-PRMD group vs 3.8% in the PRMD group on the right 

and 6.9% in the non-PRMD group vs 5.0% in the PRMD group on the left). The left 

knee was slightly higher in the PRMD group (7.1% vs 5.9%), whereas the percentages 

relative to the hips/thighs were similar (4.6% in the PRMD group vs 3.9% in the non-

PRMD group on the right and 3.9% in the non-PRMD group vs 3.8% in the PRMD 

group on the left). 
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Figure 6.6 Distribution of location of PRMDs and non-PRMDs among participants.  

The anatomical areas and the layout of the original Nordic Questionnaire (Kuorinka et al., 
1987) with the affected areas, as well as the graph with the number and participants of 
participants who self-reported a painful MSK complaint in specific areas of the body, have 
been reported. Dark red represents the most frequently reported area throughout all 
participants. 

PRMDs, Playing-related Musculoskeletal Disorders. 

 

 

Furthermore, the NMQ examined the presence of any musculoskeletal trouble in the 

past 12 months (see Figure 6.7) and in the past 7 days (see Figure 6.9) in one or 
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more of the nine symptom sites (i.e., neck, shoulders, upper back, elbows, low back, 

wrist/hands, hips/thighs, knees and ankles/feet), as well as whether these symptoms 

might have prevented respondents from doing their normal work (at home or away 

from home) (see Figure 6.8). 

 

 

Figure 6.7 Distribution of location of PRMDs and non-PRMDs among participants 

according to the first question of the Nordic Musculoskeletal Questionnaire (i.e., ‘Have 

you at any time during the last 12 months had trouble – i.e. ache, pain, discomfort) in:’). 

PRMD, playing-related musculoskeletal disorder. 

 

 

Similarly to the 1-month distribution, the percentages of participants self-reporting a 

PRMD were higher in the neck (81.1% vs 77.5%), shoulders (80.3% vs 74.5%), in the 

upper back (53.4% vs 50.0%), in the low back (53.4% vs 43.1%), in the elbows (26.9% 

vs 15.7%) and in the wrists/hands (56.9% vs 54.9%) than those of participants self-

reporting a MSK complaint not interfering with their playing ability. On the other hand, 

for what concerns the lower part of the body, the percentage of participants self-

reporting a PRMD was lower in the knees (17.2% vs 19.6%) and in the ankles/feet 

(10.5% vs 15.7%) in comparison with participants without PRMDs, whereas the 

percentages were the same in the hips/thighs.  
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Figure 6.8 Distribution of location of playing-related musculoskeletal disorders 

(PRMDs) and non-PRMDs among participants according to the second question of the 

Nordic Musculoskeletal Questionnaire (i.e., ‘Have you at any time during the last 12 

months been prevented from doing your normal work (at home or away from home) 

because of the trouble?’). 

PRMD, Playing-related musculoskeletal disorder. 

 

 

As expected, the percentages of participants self-reporting PRMDs, who had been 

prevented from doing their normal work in the previous 12 months were substantially 

higher for all the upper part of the body (from 30.0% of the wrists/hands up to 61.8% 

of the neck) when compared to participants without PRMDs. On the other hand, 

although the percentages were overall lower in comparison with the upper part of the 

body, the percentages related to participants without PRMDs were substantially 

higher (from 3.9% in the ankles/feet to 9.8% in the hips/thighs) than those of 

participants self-reporting a PRMD in the lower part of the body (i.e., hips/thighs; 

knees; ankles/feet).  
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Figure 6.9 Distribution of location of playing-related musculoskeletal disorders 

(PRMDs) and non-PRMDs among participants according to the third question of the 

Nordic Musculoskeletal Questionnaire (i.e., ‘Have you had trouble in any time during 

the last 7 days?’). 

PRMD, Playing-related musculoskeletal disorder. 

 

 

Finally, the tendency previously examined in the 1-month and 12-month prevalence 

was seen again in the 7-day prevalence. Participants self-reporting a PRMD had more 

symptoms in the neck (70.2% vs 56.7%), shoulders (73.1% vs 57.8%), wrists/hands 

(54.5% vs 50.0%) and back (45.0% vs 39.2% in the upper back and 44.1% vs 32.4% 

in the low back) in comparison with participants without PRMDs. On the other hand, 

albeit the overall percentages were substantially lower in comparison with the upper 

part of the body, participants without PRMDs self-reported more symptoms in the 

lower part than participants with PRMDs. 

 

In relation to the complaint’s duration, about two-thirds of participants self-reported a 

chronic PRMD (for more than 3 months, according to the definition of ‘chronic pain’ 

by the International Classification of Diseases (ICD) of the World Health Organization 

(WHO) (Treede et al., 2015), of whom 53.4% self-reported a PRMD for over a year 

(see Figure 6.10).   
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Figure 6.10 Distribution of different types of painful MSK complaints (PRMDs and non-

PRMDs) according to the duration. 

PRMD, Playing-related musculoskeletal disorder. 

 

 

The percentages of the non-PRMD groups were similar, although the non-PRMD 

group self-reported a lower percentage of chronic conditions for over a year (47.1%) 

and a higher percentage of acute conditions (34.3% vs 29.4% of the PRMD group).  

 

In relation to the type of MSK symptom, participants self-reporting a PRMD and 

participants without PRMDs indicated similar results, with ‘aching’ (58.4% and 56.9%) 

and ‘stiffness’ (59.9% and 57.4%) as being the most frequent type of reported 

symptoms amongst both groups (see Figure 6.11), followed by ‘annoying’ (48.7% and 

42.2%). On the other hand, ‘weakness’ and ‘cramping’ were predominantly self-



166 

reported by participants self-reporting PRMDs, with 28.2% vs 14.7% of the non-

PRMD group and 27.7% vs 11.8% of the non-PRMD group, respectively. However, 

overall higher percentages were reported by participants with PRMDs in comparison 

with the other group. 

 

 
Figure 6.11 Distribution of symptoms self-reported by participants with PRMDs and 

non-PRMDs. 

PRMD, Playing-related musculoskeletal disorder. 

 

 

 

 

6.3.2 Bivariate analysis 

Statistically significant associations with the PRMD variable emerged for 5 of the 43 

variables considered; the details of these associations are exposed in Table 6.5. For 
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categorical variables, the table reports the PRMD relative distributions (row 

percentages) for every category of the variable considered, as well as the chi-square 

statistic and its statistical significance level. For continuous variables, Table 6.5 

reports the median and the IQR for each PRMD category, as well as the Mann-

Whitney statistic and its statistical significance level. 

 

 

Table 6.5 Bivariate associations between PRMDs and factors reflecting demographics, 

health-related status and the playing of musical instrument. 

 PRMD status Statistical test 

result  PRMD No PRMD 

Nationality (region)   

South Europe 64.1% 35.9% 

2(df, 4)=10.28* 

West Europe 80.9% 19.2% 

North Europe 78.6% 21.4% 

East Europe 58.8% 41.2% 

Other 70.6% 29.4% 

Total 70.0% 30.0% 

  

Academic level    

Pre-college 84.4% 15.6% 

2(df, 5)=13.37* 

Bachelor 1&2 76.5% 23.5% 

Bachelor 3&4 62.3% 37.7% 

Master 1&2 81.8% 18.2% 

Master 3&4 60.3% 39.7% 

Gap year experience/other 66.7% 33.3% 

Total 70.0% 30.0% 

    

Perceived exertion after 45 

minutes of practice without 

breaks 

  

 

median (IQR) 5.0 (3.0) 4.0 (2.0) z=-2.29* 

    

PSEQ-2 score    

median (IQR) 9.5 (4.0) 10.0 (1.0) z=2.32* 

    

Left elbow pain    

Yes 88.1% 11.9% 

2(df, 1)=7.47** No 67.5% 32.5% 

Total 70.0% 30.0% 
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*** p<0.001, ** p<0.01, * p<0.05 

PRMD, Playing-related musculoskeletal disorders; PSEQ-2, 2-Item Short Form of the Pain 
Self-Efficacy Questionnaire. 

 

 

The results indicated that Western participants were characterised by higher 

proportions of PRMDs, while students at Pre-college and first/second year of Masters’ 

levels self-reported a significantly higher percentage of PRMDs (2(5) =13.37; p<0.05) 

in comparison with the other groups. Additionally, the perceived exertion after 45 

minutes of practice without breaks was slightly higher in the PRMD group (z=-2.29; 

p<0.05), while the PSEQ-2 score was slightly lower (z=2.32; p<0.05). Lastly, 

participants self-reporting MSK complaints in the left elbow were more likely to report 

a PRMD.      

 

 

6.4 Discussion 

This chapter primarily focused on music students self-reporting a current MSK 

complaint at baseline to delve deeper into the characteristics of PRMDs in comparison 

with generic MSK complaints (i.e., non-PRMDs), thereby addressing secondary 

research question 3 (i.e., ‘Are there any differences in the characteristics associated 

with current PRMDs among music students?’). Additionally, the associations between 

PRMDs and their demographic, clinical and musical instrument-playing 

characteristics were explored. Hence, this chapter was focused not solely on 

investigating music students’ MSK complaints, but instead, on the impact of how 

existing MSK symptoms might interfere with their ability to play and therefore with the 

way in which music can be played, practised and performed by music students 

participating in this research study.  

 

A total of 238 participants out of 340 (70.0%) considered their current MSK complaint 

a PRMD, according to the definition of Zaza and colleagues (see Chapter 2). The 

approach based on the disentanglement between PRMDs and non-PRMDs 

attempted to offer a more precise representation, capable of providing distinctive 

information on trajectories of PRMDs among music students, with a new interpretation 

that is different in its nature compared to antecedents within the literature view of 

evidence. Indeed, according to my knowledge, the important distinction between 

PRMDs and generic MSK complaints amongst music students at different stages of 

their education (from Pre-college to Masters levels) has not been explored yet. For 
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this reason, the results of this chapter could also provide a starting point for a more 

in-depth consideration of Zaza et al.’s definition of PRMDs. In relation to the latter, 

focusing on participants with a current condition takes on an even deeper meaning, 

offering a more focal consideration on MSK complaints and symptoms that affect the 

playing of music. 

 

Although participants reported similar results in relation to PRMD prevalence, singers 

self-reported the highest prevalence (73.0%), followed by participants playing 

instruments with both arms elevated in a frontal position and with only the left arm 

elevated (71.4% in both figures). PRMD prevalence was prominent in the category of 

singers, probably due to the overuse of both the vocal tract and the standing position 

singers have to maintain for many hours during performance or rehearsals that may 

possibly lead to PRMDs especially in the back (Cruder et al., 2018, 2021a, b). 

Additionally, as might have been expected, participants playing with one or both arms 

elevated (especially in a frontal or in the left quadrant position) self-reported a high 

prevalence of PRMDs. Playing with one or both arms elevated, is a recognised issue 

in ergonomics for biomechanical risk assessment (Nyman et al., 2007). Previous 

studies have demonstrated that working with elevated arms may lead to the 

degeneration of muscles and tendons, causing discomfort and distress (Jarvholm et 

al., 1988a, b, 1989; Nyman et al., 2007; Palmerud et al., 2000), even when the 

duration of playing time is relatively short (Nyman et al., 2007). 

 

In relation to the location of symptoms and consistent with previous research (Cruder 

et al., 2018; Kaufman-Cohen and Ratzon, 2011; Kochem and Silva, 2018; Kok et al., 

2016b; Paarup et al., 2011, 2012; Stanek et al., 2017; Steinmetz et al., 2015), findings 

of the present chapter showed that the anatomical areas most affected by participants 

with PRMDs and without PRMDs were the neck (59.1%) and shoulders (43.2% on 

the right and 40.3% on the left), as well as the back (37.7% in the upper part and 

37.1% in the lower part). However, interestingly, with regard to the upper body, the 

PRMD group self-reported an overall higher prevalence of symptoms. Considering 

the activity of musicians, who predominantly use the upper part of the body, it might 

seem reasonable to expect a complaint with an impact on the ability to play being 

more frequent in the upper body than in the lower body. This was mostly evident in 

the neck (60.1% of the PRMD group vs 56.9% of the non-PRMD group), the left 

shoulder (43.3% of the PRMD group vs 33.3% of the non-PRMD group), the low back 

(40.3% of the PRMD group vs 29.4% of the non-PRMD group) and the left elbow 
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(15.5% of the PRMD group vs 4.9% of the non-PRMD group). In regard to the latter, 

this was even more evident in the second question of the NMQ, asking whether they 

had been prevented from doing their normal work in the previous 12 months (40% in 

the left elbow in the PRMD group vs 10% in the non-PRMD group) and in the results 

of bivariate analysis, where participants self-reporting symptoms in the left elbow were 

more likely to report a PRMD (see Table 6.5; 2(1)=7.47; p<0.01). The left elbow and 

flexor/pronator muscles of the forearms are involved with gripping many instruments 

(e.g., brass instruments) or with moving the hand and the wrist to positioning the 

fingers in the strings. In contrast to previous research that did not find any difference 

between left and right side of the body in relation to MSK complaints (Kok et al., 

2016b), present results suggest a potential linkage between elbow symptoms and the 

presence of PRMDs. This was consistent with an earlier study, which showed a 

tendency for musicians to self-report symptoms in the left side, especially in the arm 

(Brusky, 2009).  

 

Similarly, as expected, the percentages of participants self-reporting PRMDs, who 

had been prevented from doing their normal work in the previous 12 months (i.e., 

second question of the NMQ) were substantially higher for all the upper part of the 

body (from 30.0% of the wrists/hands up to 61.8% of the neck), when compared to 

participants without PRMDs. Also on this occasion, it would be seemed logical to 

expect a higher prevalence among the PRMD group on this figure because this 

question is related to the inability to carry out normal work due to the disorder, and 

thus possibly to the interference of the complaint with the activity of playing music or 

the ability to play the instrument.  

 

As it can be challenging to distinguish between MSK complaints that have been 

caused by playing-related activity exposure and those only interfering with playing but 

not necessarily caused by the instrumental activity (Ackermann et al., 2012), the 

present chapter sought to incorporate both measures considering them as two well-

differentiated variables. Interestingly, the vast majority of participants of both groups 

(i.e., PRMDs and non-PRMDs) perceived their playing activity as the main cause of 

their MSK complaint, although PRMD participants reported a slightly higher 

prevalence (83.6% in comparison with 79.4% of the non-PRMD group).  These 

findings are in line with previous research showing that 79% of the professional 

musicians reporting pain referred to their occupation as the main cause of their painful 

condition and more than 80% had experienced PRMDs, interfering either with their 
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playing or with taking part in normal orchestral activity (Ackermann et al., 2012). As 

expected, the most frequent self-reported cause reported by participants was 

attributed to the playing position or posture while playing, reported by almost 60% of 

participants. 

 

Furthermore, the aetiology of PRMDs in music students was further implicated within 

bivariate analysis, where the results suggest that differences might exist between 

music students with and without PRMDs, thereby addressing secondary research 

hypothesis 3 (i.e., ‘Music students with current PRMDs differ from music students with 

current generic MSK complaints [non-PRMDs]’). Specifically, similarly to what has 

emerged in Chapter 5, coming from West Europe was significantly associated with 

self-reporting PRMD relative to having a generic MSK complaint (see Table 6.5), 

although a further longitudinal analysis (see Chapter 7) will allow a careful evaluation 

of this aspect. Once again, future evidence might eventually investigate more 

thoroughly students’ health education and health-related behaviours in different 

countries, in order to further understand their potential influence on PRMD prevalence 

and impact for the performance. For instance, unfortunately, music students often 

tend to underestimate the long-term consequences of bad habits and stress on their 

physical health.  Indeed, according to Wijsman and Ackermann (2019), musicians do 

not tend to be aware of potential risks of their profession and preventive health-related 

behaviours.  

 

Giving the physicality of musicians’ work, the curricula of music schools should be 

revised and enriched of regular courses, which can provide useful instruction on care 

of the body and PRMD prevention. In regard to the latter point and consistent with 

results reported in Chapter 5, being a first- or a second-year Masters student was 

significantly associated with self-reported presence of PRMD (81.3%; 2(5) =13.37, 

p<0.05). Nevertheless, in contrast with the baseline results reported in Chapter 5, also 

Pre-college students were more likely to report PRMDs (84.4%; 2(5) =13.37, p<0.05) 

in comparison with the total sample. This finding is consistent with a longitudinal study 

conducted among five music universities in Germany that reported a prevalence of 

playing-related health problems of 29% at the beginning of their education (i.e., at the 

first semester of their first Bachelor year), suggesting that music students tend to 

suffer from these problems during the Pre-college period (Spahn et al., 2017). 

Consistently with the results of Chapter 5, however, the prevalence of PRMD had 

peaked within the Masters 1&2-year group (81.3%) having been recorded at more 
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modest levels within the Bachelor and the Masters 3&4-year group (62.3% and 

60.3%, respectively), suggesting a potential interaction of the transition to higher 

educational trainings. It would be plausible to consider that progression to more 

advanced studies might lead music students to become either increasingly 

accustomed to the high levels and intensities of practice, or similarly, to change their 

playing technique or practice behaviour toward health to accommodate the effects of 

MSK complaints. In addition, another possible reason for the higher prevalence of 

PRMDs among Pre-college students in comparison with higher levels (i.e., Bachelor) 

could be that many students might choose to quit their studies due to painful 

symptoms (Wynn Parry, 2004), as upon completion of their programme they might 

decide whether they are able to continue with their studies to higher music education 

levels. It could be speculated that, since they are still at the beginning of their studies, 

they have not yet found effective strategies (e.g., change of playing technique or 

behaviours toward health) to accommodate the effects of such complaints on their 

ability to play their instrument at their best, setting into motion maladaptive behaviours 

with their symptom negatively influencing their playing activity and therefore their 

decision to continue with higher training levels.  

 

Overall, reported disability levels were high in comparison to other studies using the 

same outcome measure (i.e., Quick DASH) among music students (Baadjou et al., 

2018b; Barton and Feinberg, 2008), professional orchestra musicians (Kochem and 

Silva, 2018), amateur musicians (Kok et al., 2016a, 2018) or among other populations 

(Harrington et al., 2014). Although this difference could be attributed to the fact that 

participants included in the sample were all music students with current MSK 

complaints, the mechanisms regarding the impact of MSK complaints on their 

functional and the relevant implications on their playing ability deserve to be explored 

further. For instance, future focal research involving selected played instruments may 

reveal even more critical insights about MSK complaints among musicians. Indeed, 

depending on the instrument played, musicians are exposed to rather uncomfortable, 

ergonomically incorrect positions and postures requiring a repetitive that might lead 

to muscle exhaustion. In relation to the latter, bivariate analyses showed an 

association between the perceived exertion after 45 minutes of practise without 

breaks and the self-reported presence of PRMDs (median 5.0, z=-2.29; p<0.05), 

suggesting a relationship between the physical demands of the instruments and the 

musicians’ ability to play and perform to their fully potential. Interestingly, the median 

for musicians self-reporting PRMDs practicing in private was fairly high, considering 
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the potential for increased ratings during performance (Ackermann et al., 2012). 

Performance load and perceived exertion while playing should be addressed in future 

research to establish recommendations and guidelines to prevent excessive effort 

and muscle tension during practice and performance.  

 

The economy of effort might be achieved by a better muscle conditioning and a proper 

understanding of the muscular system. In relation to the latter, there is a well-

documented connection between exhaustion, which is a temporary condition resulted 

from repeated activity, and performance’s decrease (Lamond and Dawson, 1999). 

Möller et al. (2018) showed differences in muscle activity patterns between violinists 

and violists with and without PRMDs. In addition, as opposed to the non-PRMD group, 

low-frequency spectrum modifications and higher level of muscle activity were 

detected after one hour of playing among symptomatic musicians, suggesting the 

presence of muscle fatigue (Möller et al., 2018). However, while effective effort and 

load management are important elements for peak performance accomplishment, 

they are still poorly understood, especially in their mechanisms and their association 

with MSK complaints (Narvani et al., 2014). For instance, several strategies for 

muscle exhaustion management have been promoted and recommended by trainers 

and educators in other fields (Ibitoye et al., 2014; Wan et al., 2017) and among 

musicians as well (Barton and Feinberg, 2008; Blackie et al., 1999; Brandfonbrener, 

1997; Guptill and Zaza, 2010; Samuels, 2012; Shafer-Crane, 2006; Wadsworth et al., 

2008). However, these strategies have not been supported by any conclusive 

evidence; they lack specific indications on the timing of rest periods in relation with 

the intensity of the activity. Consequently, insufficient knowledge of this important 

aspect might evenly hamper the success in elite performances (Halson, 2014). For 

instance, while fatigue management in the general population is more related to daily 

living activities and cognitive-based work assignments (Lamond and Dawson, 1999), 

in elite performance communities muscle fatigue management is most applicable to 

the physically challenging tasks (Edwards, 1981) and physical effort while practising 

or performing (Ackermann et al., 2012; Möller et al., 2018).  

 

Health experts have highlighted the significance of rest and breaks during practice 

and rehearsals to cope with acute muscle tiredness in both athletic and instrumental 

music communities with a view to the performance (Barton and Feinberg, 2008; 

Blackie et al., 1999; Brandfonbrener, 1997; Guptill and Zaza, 2010; McKendry et al., 

2016; Neal et al., 2013; Shafer-Crane, 2006). However, supporting evidence and 
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appropriate information on the daily management of acute physical effort, such as the 

optimum length of rest periods, the relationship between the intensity of activity and 

the necessary duration of rest periods, and the rate of fatigue-induced decreases in 

performance at different intensities, remain unclear and vague. In addition, despite 

the similarity of physical demands between musicians and athletes, rehearsal and 

performance schedules for instrumentalists are typically organised without any 

concern for physical loading and guidelines for physical effort management are 

generally ignored in the musical environment. Therefore, there is a need for smarter 

rehearsal scheduling and performance programming that reduces over-practising and 

over-rehearsing.  

 

 

6.4.1 Limitations 

There are limitations to be aware of when considering the findings. Firstly, since this 

study was a cross-sectional study, these findings could not be considered conclusive. 

Whilst the perceived effort while playing might be considered a factor related to the 

presence of PRMDs, it is equally possible that PRMDs might contribute to increased 

perceived effort. Although it is plausible for there to be a robust conceptual and 

physiological framework to support the expectation of a linkage between the physical 

performance capability status characteristics of musicians and risks of developing 

PRMDs, there is currently neither sufficient scientific evidence for this linkage nor the 

basis on which clinical prevention of PRMD can be developed (Baadjou et al., 2016; 

Berque et al., 2016). Therefore, the analyses included in Chapter 7 will help to 

corroborate the longitudinal patterning of these findings. Secondly, although the 

location of MSK pain was determined according to a well-known and validated 

questionnaire - NMQ by Kuorinka et al. (1987) - in order to obtain standardised results 

which could be compared to other groups (Stanhope et al., 2019a), specialised 

localised areas of the body such as fingers, were not contemplated as defined by 

other methods (e.g., anatomical regions according to the Margolis rating or according 

to pain drawings). This approach, in turn, was directly connected with the lack of a 

specific diagnosis for the MSK complaints due to the self-reported nature of the study 

without any physical examination or objective measures and the use of a battery of 

questionnaires that were not validated with a web-based approach. Nonetheless, the 

self-reported web-based data was used in the best way possible to minimise potential 

heterogeneity amongst participants that had affected studies in the contemporary 

literature. Similarly, the use of validated measures in this context may contribute to 
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and facilitate meta-analytical synthesis and further understanding of the study’s 

results. A more comprehensive investigation considering specific diagnosis may yield 

additional results capable of furthering my understanding of the relevance of studying 

MSK complaints.  

 

In addition, although all the available questionnaires’ official and validated translations 

(inter alia NMQ) were used as the present study involved many countries in Europe 

(see Chapter 5; Cruder et al., 2020), the translation of some questionnaires was not 

publicly available and thus was performed by official interpreters. Consequently, they 

have not been submitted to a cross-cultural adaptation. However, as the sample size 

was relatively large, it might be feasible in the future to explore translated 

questionnaires’ relative stability in appearance and composition amongst different 

cultural adaptations. 

 

Furthermore, while the current study reflects selected sub-sample’ responses of a 

relatively large (n=997) group of music students from amongst those enrolled in 56 

pan-European music institutions at baseline, the sample of music students with 

current MSK complaints was relatively smaller (n=340). Therefore, there is the need 

for replication of the patterns of belonging (PRMDs and non-PRMDs) observed in this 

study amongst other populations, for example within an even broader range of music 

students and amongst professional musicians. Nevertheless, altered heterogeneity 

amongst intra-individual and inter-individual characteristics associated with larger or 

different populations of musicians, might provoke incongruence with the findings of 

the exploratory models of this study. Future validation studies should evaluate the 

advantages of disentangling PRMDs according to Zaza et al.’s definition as an adjunct 

to current diagnostic and treatment approaches. It is plausible that the latter approach 

might contribute to a wider understanding of musicians’ PRMDs as well as to the 

development of more effective treatment strategies for complaints significantly 

affecting musicians’ capability to play and perform to their full potential. 

 

 

6.5 Conclusions 

The results showed that musicians with generic MSK complaints and those with 

PRMDs should not be considered as a homogeneous group due to the difference 

within features associated with PRMDs in comparison with non-PRMDs amongst 

music students with current MSK complaints. Specifically, the characteristics 
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associated with the self-reported presence of PRMDs were coming from West 

Europe, being a first- or a second-year Masters and Pre-college student, self-

reporting higher rates of perceived exertion after 45 minutes of practice without 

breaks, lower levels of pain self-efficacy and pain in the left elbow. While describing 

the cohort of music students with current MSK complaints at baseline, this chapter 

sought to address secondary research question 3 (i.e., ‘Are there any differences in 

the characteristics associated with current PRMDs among music students?’). Future 

studies should attempt to explore further the disentanglement between PRMDs and 

non-PRMDs according to Zaza et al.’s definition (1998) both for treatment and 

prevention approaches, in order to corroborate the results of this chapter, which in its 

own small way, offered novel perspectives to the understanding and exploration of 

patterning of PRMDs within the community of music students.  
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Factors associated with increased risk of 

playing-related musculoskeletal disorders 

(PRMDs). Results of the longitudinal 

analysis  
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7.1 Introduction 

The results reported in Chapter 5 revealed as hypothesised that music students, 

especially at university-level, experience high rates of playing-related musculoskeletal 

disorders (PRMDs). Furthermore, factors such as coming from West Europe, being a 

first- or a second-year Masters student, having more years of experience and higher 

rates of perceived exertion after 45 minutes of practice without breaks were 

significantly associated with self-reported presence of PRMD. Similarly, a more in-

depth analysis focusing on music students with current MSK complaints at baseline 

(see Chapter 6) revealed that music students with PRMDs differ from those without 

PRMDs, especially in relation to their nationality, where the results of Chapter 5 were 

corroborated with students coming from West Europe being significantly associated 

with the self-reported presence of PRMDs. Additionally, being a Pre-college and a 

first- or a second-year Masters student, higher rates of perceived exertion after 45 

minutes of practice without breaks, lower rate of pain self-efficacy and self-reporting 

symptoms in the left elbow conferred similar linkage with the reporting of PRMDs.  

 

The appraisal of current evidence reported in Chapter 1 was helpful for assembling 

findings from the literature with the aim of providing an improved conceptual 

framework of personal and external factors that could be more effectively investigated 

within the longitudinal study offered in the present chapter. Additionally, the results 

reported in Chapter 5 were considered as a basis for building the model applied to 

the longitudinal analysis that purposely incorporates examination of an observation of 

12 months duration, thereby addressing an identified gap in the literature. Indeed, in 

the present chapter, the investigation on the factors has been extended using a 

longitudinal approach in order to address the primary aim of the thesis and therefore 

to explore the factors associated with the onset of PRMDs among music students. As 

mentioned in Chapter 1, prevalence rates and the strength of a causal association 

between playing a musical instrument and develop a PRMD in current literature are 

reduced by the presence of methodological concerns (e.g., small sample sizes) and 

heterogeneity among studies especially regarding terminology (Rotter et al., 2020; 

Stanhope et al., 2019b) and outcome measures (Stanhope et al., 2019a). In addition, 

the majority of studies investigating risk factors have used cross-sectional designs 

(Rotter et al., 2020) and therefore no causal relationship can be established because 

both exposure and outcome are measured at the same time (Croft et al., 2001) (see 

Chapter 1, Section 1.3.1). Therefore, currently available studies are capable of only 
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offering a limited appraisal of a potential linkage between playing activity and the 

development of a PRMD.  

 

Additionally, in order to understand the aetiology in this heterogeneous field, it is 

important to effectively disentangle PRMDs from MSDs in general, with the aim of 

investigating more accurately the complex interplay of factors that are associated 

specifically with increased risk of PRMDs to further moderate their effects. As 

discussed in Chapter 2, understanding the process of defining PRMDs permits 

'narrowing the field' and thus investigating more accurately the different factors that 

specifically lead to PRMDs rather than generically to any MSK complaint, which have 

no impact on the profession and therefore little relevance to the musicians. Using a 

well-defined criterion for PRMDs as defined and operationalised by Zaza et al. (1998) 

might be effective on reducing bias when reporting results, identifying more 

adequately and precisely the relevant factors for the occurrence of PRMDs, as well 

as avoiding the large variation in results (Rotter et al., 2020; Stanhope et al., 2019a, 

b). 

 

Due to the highly competitive environment for musicians (Guptill, 2011; Sousa et al., 

2016; Stanhope and Weinstein, 2021), PRMDs could be detrimental to musicians’ 

health and pose significant barriers to performing effectively (Ackermann and Driscoll, 

2010; Ackermann et al., 2014; Kenny and Ackermann, 2015; Zaza et al., 1998). 

Indeed, PRMDs might have significant effects on musical practice, performance and 

sometimes even on music students’ career-pathways, being present already at the 

very beginning of university-level training education (Brandfonbrener, 2009), as 

reported within the results and discussion sections in Chapter 5 and in Chapter 6. As 

current music students are going to be future teachers and professors, preventive 

strategies should be considered fundamental in order to rearrange musicians’ 

attitudes toward health (Bennett, 2008). Spreading a culture of health promotion and 

prevention of PRMDs could be the key to safeguarding the health of future 

professionals while, at the same time, trying to decrease the prevalence of disorders 

amongst music students. However, before investigating what preventive measures 

can be taken to overcome PRMDs amongst music students, it should be longitudinally 

explored what factors contribute most to the development of these problems. It is 

plausible that enhancing knowledge on this aspect could indirectly contribute to the 

improvement and prevention of PRMDs. Indeed, only after having longitudinally 

investigated the specific factors linked to PRMD onset, will it be possible to build 
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preventive interventions and targeted treatment strategies, which will be based on the 

results of longitudinal analyses, addressing an identified gap in the existing literature.  

 

Therefore, a 12-months longitudinal investigation has been conducted with the aim of 

identifying the factors associated with increased risk of PRMDs among music 

students at different levels of training (i.e., Pre-college students and university-level 

students) (Cruder et al., 2019). This study has evolved to incorporate 

recommendations within the current literature (Baadjou et al., 2016; Bragge et al., 

2006; Kok et al., 2016b; Rotter et al., 2020; Stanhope et al., 2019b) that an effective 

environment in which to assess capability to predict the patterns of occurrence of 

PRMDs among musicians would be to conduct a longitudinal study, using a 

multivariate risk model based on current evidence, with clear definitions and validated 

assessment measures, as well as statistical models adequately selected according to 

the design of the study (Baadjou et al., 2016).  

 

The primary aim of this chapter was to identify the factors associated with increased 

risk of PRMD onset within 6 and 12 months from baseline assessment among music 

students participating in the longitudinal study and thus addressing the thesis’ primary 

research question (i.e., ‘What are the main factors associated with increased risk of 

PRMDs in music students?’) as well as the tenacity or persistence of early-identified 

factors (see Chapter 5). Secondly, a further aim was to assess the incidence of 

PRMDs among music students at different levels of music training, thus answering 

the fourth and last secondary research question (i.e., ‘Are there any differences in the 

incidence of PRMDs among music students at different levels of music training?)’. 

The latter will assess whether issues such as intensified training as education 

progresses, might adversely affect the likelihood or prevalence of PRMDs and confirm 

the findings reported within Chapter 5. 

 

 

7.2 Methods 

Due to the nature of the study investigated in this doctoral research project 

(longitudinal study), the research measures and procedures for the results discussed 

in this chapter are the same as those described in Chapters 4 (i.e., methodology 

chapter) and 5 (i.e., baseline results). The reader is referred to Sections 4.2, 4.3, 4.4, 

4.5, 4.6, 4.7 for further information about study design, recruitment procedures and 

participants, ethical approval, study protocol and research measures. As the main aim 
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of this chapter was to identify variables that might be associated with the onset of 

PRMDs among music students, the research measures involved for this study were 

those included in Section 1 and 3 of the web-based questionnaire described in detail 

in Chapter 4, Section 4.6. 

 

 

7.2.1 Participants  

Students who had reported being free from any PRMDs at baseline (n = 850) were 

drawn from the total sample to participate in this study. Besides this criterion, to be 

eligible, participants had to be at least 18 years old, have provided written consent to 

participate in the study and have been a Pre-college and/or university-level students 

playing a musical instrument commonly used in classical music as a main subject. 

Participants were excluded if, as mentioned earlier, they self-reported PRMDs, or an 

episode of severe and highly disabling neurological and/or rheumatic (e.g., 

fibromyalgia syndrome, rheumatoid arthritis, focal dystonia) and/or psychological 

conditions (e.g., diagnosed severe borderline personality disorders); accidents in the 

past 12 months (e.g., motor vehicle accident) and/or surgery of the upper limbs and/or 

the spine in the past 12 months.  

 

 

7.2.2 Statistical analysis  

Descriptive statistics were used to present the variables included in the analysis. 

Categorical variables were described through frequency distributions, while 

continuous variables were described using synthetic indicators (median and 

interquartile ranges [IQR]).  

 

Bivariate analysis explored the associations between the onset of PRMD within 6 and 

12 months and the independent variables (i.e., demographic variables, those with 

reference to the health-related status and those related to the playing of musical 

instruments). The chi-square test was used to analyse the association between 

PRMD onset and the other categorical variables, while the associations with 

continuous variables were assessed through the Mann-Whitney U tests after having 

accounted for predominantly non-normality of the distributions with the Shapiro-Wilk 

test. 
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The dependent variable was the onset of PRMD within 6 and 12 months from baseline 

assessment. The presence or absence of a PRMD was determined by the answering 

to the yes/no question: ‘Do you have pain, weakness, lack of control, numbness, 

tingling or other symptoms that interfere with your ability to play your instrument at the 

level you are accustomed to?’ (Zaza et al., 1998; refer to Chapter 2) and the analysis 

was stratified on this variable. PRMD onset at the 1st and 2nd follow-ups (i.e., 

temporal horizon of 6 months and 12 months, respectively) was measured in either 

case as a binary variable (0=no; 1=yes). For time-invariant variables (i.e., variables 

not varying over time) such as gender, or with a known variation over time such as 

age, only the baseline assessment measurement was considered for the analysis. 

For time-variant variables, the analysis considered both the baseline assessment 

measurement and the evolution during the follow-up period. Specifically, as regards 

the time-variant variables of the first follow-up, the evolution was considered as the 

difference between the first follow-up measurement and the baseline measurement. 

On the other hand, as regards the time-variant variables of the second follow-up, the 

evolution was considered as the difference between the first follow-up measurement 

and the baseline measurement for students with a PRMD onset within 6 months from 

assessment. For students without a PRMD onset/with a PRMD onset between 6 and 

12 months from assessment, the evolution was calculated over 12 months. Students 

that dropped out after the first follow-up without a PRMD onset within 6 months were 

excluded from the 12 months’ analysis. The independent variables considered were 

divided into three main categories, namely demographic variables, those with 

reference to the health-related status and those related to the playing of musical 

instruments. 

 

Subsequently, predictive models were estimated with the aim of identifying variables 

associated with the dependent variable PRMD onset at multivariable level. Since this 

variable was binary (0= not PRMD onset; 1= PRMD onset), a logistic regression 

model was used. The area under the ROC curve was used to evaluate the goodness-

of-fit of the models.  

 

The model has been estimated twice for both 6-month analysis and 12-months 

analysis, using a stepwise approach with: 

a) Forward selection: starting with an empty model (no variable included), the 

variables providing the most statistically significant improvement of the fit were 
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progressively added until none of the remaining variables proved statistically 

significant (threshold for statistical significance: p-value below 5%).  

b) Backward elimination: starting with the full model (all variables included), the 

least significant variables were progressively eliminated until all the remaining 

variables were statistically significant (threshold for statistical significance: p-

value below 5%).  

 

As done for the baseline data analysis (refer to Chapter 5), bivariate and multivariable 

analyses were performed on the overall sample and on the response of a sub-sample 

of participants not taking any supplements, contraceptives and/or actual medications 

to verify whether such an exogenous contribution (i.e., confounding variables) could 

have biased the results or have influenced the responses. Controlling the confounding 

variables, which are not independent variables but could affect the results of the 

observation, was considered important because medications such as pain killers or 

antidepressants might have interfered with the perception of pain and MSK 

complaints and therefore affecting the interpretation of the results.  

 

 

7.3 Results 

Of the 850 students assessed at baseline, a total of 442 participants did not report the 

presence of PRMDs and were therefore retained for the analysis (see Figure 7.1). 

Specifically, 290 students self-reported no complaints and 152 self-reported MSK 

complaints not interfering with their playing ability (see Chapter 5, Figure 5.2). 
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Figure 7.1 Flowchart of participant selection for the longitudinal analysis. 

PRMDs, playing-related musculoskeletal disorders. 

 

 

Subsequently, a total of 271 students completed the first follow-up assessment after 

6 months, while 171 dropped out; 78 students developed a PRMD within 6 months 

from baseline assessment, whereas 118 of the 193 students who did not report a 

PRMD in the first follow-up assessment completed the second follow-up assessment 

after 12 months, while 75 dropped out. Finally, a total of 18 additional students 

developed a PRMD within 12 months from baseline assessment (see Figure 7.2).  
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Figure 7.2 Students’ cohort disposition. 

PRMD, playing-related musculoskeletal disorder. 

 

 

Because of the 171 dropouts, a total of 271 cases (78 with PRMDs and 193 without 

PRMDs) were available for the 6-month analysis. Since the aim of the present study 

was to identify the factors associated with the onset of PRMD within 12 months, for 

the 12-month analysis, the data of the 78 students that developed a PRMD within 6 

months from baseline assessment with those of the 118 students that completed both 

follow-ups were combined, obtaining a total of 196 cases. 

 

 

7.3.1 Descriptive statistics 

Table 7.1 illustrates the incidence of PRMD in the cohort considered. PRMD onsets 

were reported for 78 students out of 271 (28.8%) within 6 months and for 96 students 

out of 196 (49%) within 12 months. 

 

Table 7.1 PRMD onset within 6 months (1st follow-up) and 12 months (2nd follow-up). 

Variable 
Within 6 months (n=271) 

Within 12 months 

(n=196) 

n % n % 

PRMD onset No 193 71.2% 100 51.0% 

 Yes 78 28.8% 96 49.0% 

PRMD, playing-related musculoskeletal disorder. 
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When considering the single incidences according to the academic level (see Figure 

7.3), first- or second-year Bachelor students developed the highest rate of PRMDs 

(24.0%) within 6 months, whereas at 12 months their figure was the same of first- or 

second-year Masters students (21.8%). In comparison with the latter groups, PRMD 

incidence was lower in the Bachelor 3&4-year group (17.7% within 6 months and 

14.9% within 12 months), Pre-college group (14.6% within 6 months and 14.3% within 

12 months) and Masters 3&4-year group (13.3% within 6 months and 17.0% within 

12 months). Lastly, the lowest incidence was reported by the Gap year and continuing 

education group, with 11.5% within 6 months and 11.7% within 12 months.  

 

 

Figure 7.3 Incidence of PRMDs according to the academic level. 

PRMD, playing-related musculoskeletal disorder. 

 

 

 Demographic variables 

Descriptive results of the demographic data are reported in Table 7.2. The sample for 

the 6-month analysis included mainly women (60%), with a median age of 22 years 

old years old (IQR of 5 years old). Around 90% of the students came from South 

(54%) or West Europe (33%), while approximately 10% came from other countries. 

Approximately 75% of the students were evenly divided between Bachelor and 

Masters, while the remaining 25% were Pre-college students or fell into the ‘Gap year 

11.7%

17.0%

21.8%

14.9%

21.8%

14.3%

11.5%

13.3%

21.0%

17.7%

24.0%

14.6%

Gap year/continuing education

Master 3&4 year

Master 1&2 year

Bachelor 3&4 year

Bachelor 1&2 year

Pre-college

PRMD onset within 6 months PRMD onset within 12 months
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experience/other’ category. The distributions of the four demographic variables in the 

sample for the 12-month analysis resulted very similar to those characterising the 6-

month analysis. 

 

Table 7.2 Descriptive statistics of demographic variables at 6 and 12 months. 

Variable 
6-month analysis 12-month analysis 

n % n % 

Gender Women 164 60.5% 114 58.2% 

(n=271 6 months) Men 106 39.1% 81 41.3% 

(n=196 12 months)  Other 1 0.4% 1 0.5% 

      

Age in years 

(n=271 6 months) 

median (IQR) 22.0 (5.0) 22.0 (5.0) 

     

(n=196 12 months)       

      

Nationality (region)* 

(n=271 6 months) 

(n=196 6 months) 

South Europe 146 53.9% 108 55.1% 

West Europe 90 33.2% 68 34.7% 

Other 35 12.9% 20 10.2% 

      

Academic level 

(n=271 6 months) 

Pre-college 25 9.2% 22 11.2% 

Bachelor 1&2 50 18.4% 30 15.3% 

(n=196 12 months) Bachelor 3&4 53 19.6% 42 21.4% 

 Master 1&2 20 7.4% 14 7.1% 

 Master 3&4 80 29.5% 54 27.6% 

 Gap year/ 

continuing ed. 

43 15.9% 34 17.4% 

*This classification was made according to United Nations, S. D. Standard Country or Area 
Codes for Statistical Use, Series M, No. 49 (M49) 
<https://unstats.un.org/unsd/methodology/m49/> (1999). 

 

 

 

 Variables with reference to the health-related status 

Table 7.3 illustrates the details of the variables with reference to the health-related 

status at baseline assessment, while Table 7.4 shows the details of the evolution of 

these variables. For the 12-month analysis, it should be noted that the evolution has 

been calculated over 12 months for students that did not develop a PRMD or 

developed a PRMD after the first follow-up, while it has been calculated over 6 months 

for students that developed a PRMD within the first follow-up assessment.  

https://unstats.un.org/unsd/methodology/m49/
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In the sample for the 6-month analysis, at baseline evaluation the majority of the 

students (slightly more than 60%) self-reported no MSK complaints, while the 

remaining 40% self-reported a MSK complaint (not PRMD). The median BMI was 21.2 

(IQR=4) and the self-reported health status was ‘Good’, ‘Very good’ or ‘Excellent’ for 

most of the students (85%). The median sleeping time was 7 hours (IQR=1), while 

the percentages of smokers and students assuming actual medication (e.g., 

antidepressant) were 15% and 7.5% respectively. Physical activity level was 

moderate or high for the majority of the students (67%). The median psychological 

distress (K10 score; range 10-50) was 18 (IQR=9.5), which indicates that at least half 

of the students fell within the disorder-free range (10-19). Self-oriented perfectionism 

median score was 25 (IQR=10) and resulted higher than other-oriented perfectionism 

(median=18; IQR=9) and socially-prescribed perfectionism (median=17; IQR=7). The 

median fatigue score (CFQ 11 score; range 0-33) was 12 (IQR=6). The evolution of 

the variables in the sample for the 6-month analysis showed a substantial stability of 

the BMI and of the hours slept (median variation of 0; IQR=0.6-0.8), as well as of the 

smoking and medication assumption status (unchanged from baseline to first follow-

up for 95% of the students). Conversely, self-rated health worsened for approximately 

30% of the students and ameliorated for around 15%, while the physical activity 

participation level increased for slightly less than half of the students considered. 

Moreover, increases in the psychological distress score (+1 median increase; IQR=5), 

in the 3 perfectionism subscales scores (+1/+2 median increases; IQR=5) and in the 

fatigue score (+3 median increase; IQR=9) were noticed. The baseline distributions 

and the evolution of the variables in the sample for the 12-month analysis resulted in 

very similar patterns of scoring to those characterising the 6-month analysis. 

 

Table 7.3 Descriptive statistics of variables with reference to the health-related status. 

Variable 

6-month analysis 12-month 

analysis 

n % n % 

BMI in kg/m2 median (IQR) 21.2 (4.0) 21.2 (4.0) 

(n=267 6 months)      

(n=194 12 months)       

      

Self-rated health [SRH] 

(n=271 6 months)  

(n=196 12 months) 

Excellent 27 10.0% 21 10.7% 

Very good 93 34.3% 64 32.7% 

Good 111 41.0% 88 44.9% 
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 Fair 38 14.0% 21 10.7% 

 Poor 2 0.7% 2 1.0% 

      

Hours of sleep median (IQR) 7.0 (1.0) 7.2 (1.0) 

(n=271 6 months)      

(n=196 12 months)       

      

Smoking Yes 41 15.2% 30 15.3% 

(n=270 6 months) No 229 84.8% 166 84.7% 

(n=196 12 months)       

      

Medications Nothing 228 84.1% 167 85.2% 

(n=271 6 months) 

(n=196 12 months) 

Supplement/ 

contraceptive 

23 8.5% 14 7.1% 

 Medicine 20 7.4% 15 7.7% 

      

Physical activity 

participation levels  

[IPAQ-SF score] High 49 18.2% 33 16.9% 

(n=268 6 months) Moderate 130 48.3% 98 50.3% 

(n=194 12 months)  Low 90 33.5% 64 32.8% 

      

Psychological distress  

[K10 score] median (IQR) 18.0 (9.5) 18.5 (10.0) 

(n=269 6 months)      

(n=195 12 months)       

      

Perfectionism  

[HFMPS-SF score] 
 

    

SOP sub-scale score median (IQR) 25.0 (10.0) 24.0 (10.0) 

(n=265 6 months)      

(n=192 12 months)       

      

OOP sub-scale score median (IQR) 18.0 (9.0) 17.5 (7.0) 

(n=267 6 months)      

(n=194 12 months)       

 

 
 

    

SPP sub-scale score median (IQR) 17.0 (7.0) 17.0 (7.0) 

(n=268 6 months)      

(n=195 12 months)       
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Fatigue [CFQ 11 score] median (IQR) 12.0 (6.0) 12.0 (6.0) 

(n=265 6 months)      

(n=193 12 months)       

BMI, Body Mass Index; CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and Flett’s 
Multidimensional Perfectionism Scale – short form; IPAQ-SF, International Physical Activity 
Questionnaire – short form; K10, Kessler Psychological Distress Scale; OOP, Other-oriented 
perfectionism; SOP, Self-oriented perfectionism; SPP, Socially-prescribed perfectionism. 

 

 

Table 7.4 Descriptive statistics of the evolution of variables with reference to the health-

related status. 

Variable 
6-month analysis 12-month analysis 

n % n % 

Δ BMI in kg/m2 median (IQR) 0.0 (0.8) 0.0 (1.0) 

(n=249 6 months)      

(n=184 12 months)       

      

Δ Self-rated health [SRH] 

 (n=271 6 months)  

(n=196 12 months) 

Unchanged 148 54.6% 99 50.5% 

Amelioration 44 16.2% 30 15.3% 

Worsening 79 29.1% 67 34.2% 

      

Δ Hours of sleep median (IQR) 0.0 (0.6) 0.0 (1.0) 

(n=270 6 months)      

(n=194 12 months)       

      

Δ Smoking Unchanged 256 95.2% 184 94.4% 

(n=269 6 months) Started 8 3.0% 8 4.1% 

(n=195 12 months)  Quit 5 1.8% 3 1.5% 

      

Δ Medications Unchanged 260 95.9% 189 96.4% 

(n=271 6 months)  

(n=196 12 months) 

Quit 

medication 

10 3.7% 7 3.6% 

 
Started 

medication 

1 0.4% 0 0.0% 

      

Δ Physical activity 

participation levels  

[IPAQ-SF score] Unchanged 141 52.4% 93 47.7% 

(n=269 6 months) Increase 113 42.0% 93 47.7% 

(n=195 12 months)  Reduction 15 5.6% 9 4.6% 
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Δ Psychological distress  

[K10 score] median (IQR) 1.0 (5.0) 2.0 (6.0) 

(n=263 6 months)      

(n=191 12 months)       

      

Perfectionism  

[HFMPS-SF score] 
 

    

Δ SOP sub-scale score median (IQR) 1.0 (5.0) 2.0 (4.0) 

(n=258 6 months)      

(n=186 12 months)       

      

Δ OOP sub-scale score median (IQR) 2.0 (5.0) 3.0 (5.0) 

(n=260 6 months)      

(n=188 12 months)       

      

Δ SPP sub-scale score median (IQR) 2.0 (5.0) 3.0 (6.0) 

(n=261 6 months)      

(n=189 12 months)       

      

Δ Fatigue [CFQ 11 score] median (IQR) 3.0 (9.0) 4.0 (9.5) 

(n=260 6 months)      

(n=189 12 months)       

Δ, evolution; BMI, Body Mass Index; CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and 
Flett’s Multidimensional Perfectionism Scale – short form; IPAQ-SF, International Physical 
Activity Questionnaire – short form; K10, Kessler Psychological Distress Scale; OOP, Other-
oriented perfectionism; SOP, Self-oriented perfectionism; SPP, Socially-prescribed 
perfectionism; SRH, Self-rated health. 

 

 

 Variables related to the playing of musical instruments  

Table 7.5 illustrates the details of the variables related to the playing of musical 

instruments at baseline assessment, while Table 7.6 shows the details of the evolution 

of these variables. For the 12-month analysis, it should be reiterated that the evolution 

has been calculated over 12 months for students that did not develop a PRMD or 

developed a PRMD after the first follow-up, while it has been calculated over 6 months 

for students that developed a PRMD within the first follow-up assessment. According 

to their playing posture and arm position while playing, participants were allocated 

into six groups (refer to Chapter 4, Section 4.3). In the sample for the 6-month 

analysis, at baseline evaluation, around 40% of the participants played a neutral 

instrument, while 17% played an instrument with both arms elevated in the left 
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quadrant position and 13% with only the right arm elevated. Around 7% played an 

instrument with both arms elevated in a frontal position or only with the left arm 

elevated, while 14% were singers. The median number of previous years of practice 

was 12.5 (IQR=5), while the median number of hours of practice per day reported was 

3 (IQR=1). Median perceived exertion after 45 minutes of practice (measured on a 

scale from 0 to 10) was 3.6 (IQR=4). Around 45% of the sample declared that they 

had done preparatory exercises before practice, while slightly more than 60% 

declared undertaking breaks during practice. 

 

The evolution of the variables in the sample for the 6-month analysis showed a 

stability/slight reduction in the hours of practice per day (median=-0.5; IQR=1) and a 

substantial stability of perceived exertion (median=0; IQR=2.3). Additionally, the 

attitude towards preparatory exercises and breaks during practice remained stable in 

general (unchanged from baseline to first follow-up for around ¾ of the students). 

Instead, the majority of the students (around 75%) changed technique at least once, 

while approximately 50% changed professor at least once. Instrument change was 

less frequent, since only around 15% of the students changed it at all. Around 75% of 

the students that developed a PRMD reported that the instrument was the cause. As 

had been noted for variables with reference to the health-related status, the baseline 

distributions and the evolution of the variables related to playing an instrument within 

the 12-month analysis resulted in very similar patterns of scoring to those 

characterising the 6-month analysis. 

 

 

 

 

 

 

Table 7.5 Descriptive statistics of variables related to the playing of musical 

instruments.  

Variable 
6-month analysis 12-month analysis 

n % n % 

Instrument Elevated both 

frontal 

15 5.5% 13 6.6% 

[classification] Elevated both left 46 17.0% 29 14.8% 

(n=271 6 months) Elevated left 19 7.0% 10 5.1% 

(n=196 12 months)  Elevated right 37 13.7% 28 14.3% 
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 Neutral 116 42.8% 90 45.9% 

 Voice 38 14.0% 26 13.3% 

      

Years of practice median (IQR) 13.0 (5.0) 13.0 (5.0) 

(n=271 6 months)      

(n=196 12 months)       

      

Hours of practice per 

day 

median (IQR) 3.0 (1.0) 3.0 (1.0) 

(n=271 6 months)      

(n=196 12 months)       

      

Perceived exertion 

after 45 minutes of 

practice without breaks 

median (IQR) 3.6 (4.0) 4.0 (4.2) 

(n=271 6 months)      

(n=196 12 months)       

      

Preparatory exercises Yes 118 43.5% 90 45.9% 

(n=271 6 months) No 153 56.5% 106 54.1% 

(n=196 12 months)       

      

Breaks during practice Yes 173 63.8% 127 64.8% 

(n=271 6 months) No 98 36.2% 69 35.2% 

(n=196 12 months)       

Elevated both frontal: Music students playing musical instruments with both arms elevated in 
a frontal position (i.e., harp, trombone, and trumpet); Elevated both left: Music students playing 
musical instruments with both arms elevated in the left quadrant position (i.e., viola, violin); 
Elevated left: Music students playing musical instruments with only the left arm elevated (i.e., 
cello, double bass); Elevated right: Music students playing instruments with only the right arm 
elevated (i.e., flute, guitar); Neutral: Music students playing instruments in a neutral position, 
without the elevation of arms (i.e., accordion, bassoon, clarinet, euphonium/tuba; French horn, 
harpsicord, oboe, organ, percussion, piano, recorder, saxophone). 

 

 

Table 7.6 Descriptive statistics of the evolution of variables related with the playing of 

musical instruments. 

Variable 

6-month 

analysis 

12-month 

analysis 

n % n % 

Δ Hours of practice per day median (IQR) -0.5 (1.0) 0.0 (1.0) 

(n=268 6 months)      

(n=195 12 months)       
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Δ Perceived exertion after 45 

minutes of practice without 

breaks 

median (IQR) 0.0 (2.3) 0.0 (2.5) 

(n=270 6 months)      

(n=196 12 months)       

      

Δ Preparatory exercises Unchanged 212 78.8% 151 77.8% 

(n=269 6 months) Introduced 33 12.3% 29 15.0% 

(n=194 12 months)  Stopped 24 8.9% 14 7.2% 

      

Δ Breaks during practice Unchanged 204 75.3% 146 74.5% 

(n=271 6 months) Introduced 48 17.7% 36 18.3% 

(n=196 12 months)  Stopped 19 7.0% 14 7.1% 

      

Δ Technique change1  0 73 26.9% 48 24.5% 

[number of] 1 126 46.5% 90 45.9% 

(n=271 6 months) 2 72 26.6% 47 24.0% 

(n=196 12 months) 3 0 0.0% 11 5.6% 

      

Δ Professor change1 0 142 52.4% 90 45.9% 

[number of] 1 119 43.9% 94 48.0% 

(n=271 6 months) 2 10 3.7% 12 6.1% 

(n=196 12 months)       

      

Δ Instrument change1 0 234 86.6% 165 84.2% 

[number of] 1 35 13.0% 30 15.3% 

(n=270 6 months) 2 1 0.4% 1 0.5% 

(n=196 12 months)       

      

Δ Perceived cause attributed Yes 60 76.9% 71 74.0% 

to the instrument No 18 23.1% 25 26.0% 

(n=78 6 months)      

(n=96 12 months)       

1 The number of changes has been measured by asking the students if they changed 
technique, professor and/or instrument during the 6 months prior to baseline, 6 months follow-
up and 12 months follow-up evaluations.  

Δ, evolution. 
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7.3.2 Bivariate analysis 

Results of bivariate analysis derived from the overall sample and from a sub-sample 

of participants not taking any supplements, contraceptives and/or actual medications, 

did not reveal any significant variations or differences. This similarity amongst the 

findings indicated that the latter factors had not intruded substantively and 

accordingly, the overall sample’s results have been reported for simplicity. 

 

Statistically significant relations with the onset of PRMDs are exposed in Table 7.7.  

 

Table 7.7 Bivariate associations between PRMD onset and factors reflecting 

demographics, health-related status and the playing of musical instrument. 

Variable 
PRMD onset Statistical test 

result No Yes 

6-month analysis 

Nationality (region)   

South Europe 77% 23% 

2(df, 2)=6.79* West Europe 61% 39% 

Other 74% 26% 

  

Baseline MSK complaint    

No MSK complaint 66% 34% 
2(df, 1)=7.40** 

MSK complaint 81% 19% 

    

Δ BMI    

median (IQR) 0.0 (1.0) 0.0 (0.5) z=2.11* 

    

Δ Physical activity participation 

levels  

[IPAQ-SF score] 

  

 

Unchanged 80% 20% 

2(df, 2)=12.03** Increase 61% 39% 

Reduction 60% 40% 

    

Perfectionism [HFMPS-SF]    

Baseline SOP sub-scale score    

median (IQR) 26.0 (10.0) 22.5 (11.3) z=2.38* 

    

Δ OOP sub-scale score    
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median (IQR) 2.0 (5.0) 3.0 (6.0) z=-2.49* 

    

Δ SPP sub-scale score    

median (IQR) 2.0 (6.0) 4.0 (6.0) z=-3.12** 

    

Δ Fatigue [CFQ 11 score]    

median (IQR) 1.5 (7.0) 6.0 (10.0) z=-3.84*** 

     

Δ Hours of practice per day    

median (IQR) -1.0 (1.0) 0.0 (1.0) z=-1.97* 

 

12-month analysis 

Baseline MSK complaint    

No MSK complaint 44% 56% 
2(df, 1)=6.59* 

MSK complaint 63% 37% 

    

Δ BMI    

median (IQR) 0.2 (1.3) 0.0 (1.0) z=2.88** 

    

Δ Hours of sleep    

median (IQR) 0.0 (1.5) 0.0 (0.5) Z=2.18* 

 

 

 

 

   

Δ Physical activity participation 

levels  

[IPAQ-SF score] 

  

 

Unchanged 60% 40% 

2(df, 2)=7.92* Increase 44% 56% 

Reduction 22% 78% 

    

Δ Fatigue [CFQ 11 score]    

median (IQR) 3.0 (8.0) 6.0 (10.0) z=-2.71** 

*** p<0.001, ** p<0.01, * p<0.05 

For categorical variables, the table reports the onset of PRMDs’ distributions (row 
percentages) for every category of the variable considered, as well as the chi-square statistic 
and its statistical significance level. For continuous variables, the table reports the median and 
the IQR for the two PRMD onset categories, as well as the z statistics and its statistical 
significance level. 
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Δ, evolution; BMI, Body Mass Index; CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and 
Flett’s Multidimensional Perfectionism Scale–short form; IPAQ-SF, International Physical 
Activity Questionnaire – short form; MSK, Musculoskeletal; OOP, Other-oriented 
perfectionism; PRMD, Playing-related musculoskeletal disorder; SOP, Self-oriented 
perfectionism; SPP, Socially-prescribed perfectionism. 

 

 

As regards the 6-month analysis, statistically significant associations with the onset 

of PRMD emerged for nine variables. When considering baseline variables, PRMD 

onset was associated with Western European nationality (when compared to 

Southern European and other nationalities), to the absence of any MSK complaint at 

baseline assessment and to a lower self-oriented perfectionism score (SOP). 

However, when considering the evolution of the variables, PRMD onset resulted 

associated with a slight average decrease of the BMI (compared to a slight increase 

for non-onsets), as well as to a change in the level of physical activity (either increase 

or reduction) and to higher increase in the other-oriented perfectionism (OOP), 

socially-prescribed perfectionism (SPP) and fatigue (CFQ 11) scores. Moreover, the 

onset of PRMDs appears to be related to a stability/slight increase in the number of 

hours of practice per day, compared to a reduction for non-onsets.  

On the other hand, the 12-month analysis confirmed the statistical significance of the 

associations between the onset of PRMDs and the absence of any MSK complaint at 

baseline assessment, a slight average decrease of BMI (compared to a slight increase 

for non-onsets), the change in the level of physical activity (either increase or 

reduction) and the increase in the levels of fatigue (CFQ 11 score). However, the other 

variables (i.e., perfectionism scores) at 12 months did not seem to be associated with 

PRMD onset. Interestingly, the 12-month analysis highlighted a significant association 

between the onset of a PRMD and a slight decrease in the number of hours of sleep.   

 

 

7.3.3 Multivariable analysis: logistic regression model 

The stepwise forward and backward selection models provided the same results, as 

well as the estimate of the models on the complete sample and on the sub-sample of 

participants not assuming actual medications. This similarity amongst the findings 

indicated that the latter factors had not intruded substantively and accordingly, the 

overall sample’s results have been reported for simplicity.  
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The results of the estimate are presented in Table 7.8, which reports the Adjusted 

Odds Ratios (AOR) for the independent variables, along with their standard 

deviations, the number of observations upon which the models were based, the 

McFadden Pseudo-R2 and the area under the ROC curve. The latter yielded 0.72 for 

the 6-month model and 0.73 for the 12-month model, indicating an 

acceptable/moderate goodness-of-fit level among both models (0.70 to 0.80; Hosmer 

and Lemeshow, 2000). In addition, no multicollinearity has been identified (average 

variance inflation factor between 1.02 and 1.04, depending on the model). 

 

In the 6-month model, the variables significantly associated with PRMD onset were 

self-reporting a MSK complaint at baseline and the changes in the physical activity 

level (IPAQ-SF score), socially-prescribed perfectionism score (SPP) and fatigue 

score (CFQ 11 score). Specifically, the AOR of 0.415 for the baseline MSK complaint 

indicates that, keeping all the other variables at a fixed value, students with a MSK 

complaint at baseline assessment have a 58.5% (1-0.415=0.585) lower likelihood to 

have a PRMD onset. Given the relatively small number of participants for whom 

changing levels of physical activity had applied and that there had been equivalence 

statistically between those showing changes involving increased and decreased 

levels of activity, in order to ensure statistical viability for the variable IPAQ score, the 

latter types of directional response were merged into a single category to focus only 

on whether change had occurred or not (Change; IPAQ score). Students who 

changed their physical activity level (either a reduction or an increase) have a 2.343 

times higher likelihood of developing a PRMD. Moreover, for each point of increase 

in the change of the SPP there was a 10.2% (i.e.: 1.102-1=0.102) increase in the odds 

of developing a PRMD, while for each point of increase in the fatigue score (CFQ 11), 

the odds of developing a PRMD increased by 8.4% (i.e.:1.084-1=0.084).   

 

The 12-month model confirmed the associations between the onset of PRMDs and 

the baseline MSK complaint, the change in the physical activity level (IPAQ-SF score) 

and the increase in the fatigue (CFQ 11) score, but not the relation with the increase 

in the SPP score. Moreover, the 12-month model highlighted two additional 

statistically significant relations between PRMD onset and the changes in the BMI and 

K10 score: each increase of one additional BMI point appeared associated with a 

decrease of 33.7% (i.e.: 1-0.663=0.337) in the odds of developing a PRMD, while for 

each increase of one point in the change of the K10 score, the decrease in the odds 

of developing a PRMD equals 8.6% (i.e.: 1-0.914=0.086). 
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Table 7.8 Multinomial logistic regression analysis of associations between PRMD onset 

and factors reflecting demographics, health-related status and the playing of musical 

instrument. 

Variables 
PRMD onset within 

6 months 

PRMD onset within 

12 months 

MSK complaint at baseline  0.415** 0.441* 

(vs noMSK at baseline) (0.139) (0.154) 

   

Δ BMI - 0.663* 

  - (0.113) 

   

Δ Physical activity participation levels 2.343** 2.346* 

[IPAQ-SF score] (change vs no change) (0.729) (0.805) 

   

Δ Psychological distress [K10 score] - 0.914* 

 - (0.034) 

   

Perfectionism [HFMPS-SF score]   

Δ SPP sub-scale score 1.102** - 

 (0.040) - 

Δ Fatigue [CFQ 11 score] 1.084** 1.081* 

 (0.027) (0.012) 

   

Constant 0.193*** 0.765 

 (0.053) (0.212) 

   

Number of observations (n) 258 179 

   

McFadden Pseudo-R2 0.131 0.126 

   

Area under the ROC curve 0.722 0.728 

*** p<0.001, ** p<0.01, * p<0.05 

Δ, evolution; BMI, Body Mass Index; CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and 
Flett’s Multidimensional Perfectionism Scale – short form; IPAQ-SF, International Physical 
Activity Questionnaire – short form; K10, Kessler Psychological Distress Scale; MSK, 
Musculoskeletal; PRMD, Playing-related musculoskeletal disorder; SPP, Socially-prescribed 
perfectionism. 
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7.4 Discussion 

This study focused on identifying the factors associated with increased risk of PRMD 

onset within a 12-month period among a study population of music students at 

different educational stages (i.e., university-level students and Pre-college students). 

The present study is unique in being longitudinal in design and its associated factor 

data was obtained from a population of music students from different levels of 

educations and different music universities in Europe.  

 

Participants included in this longitudinal study were free of PRMDs at the time of 

baseline assessment and were followed-up for 6 months and 12 months to identify 

the main outcome (i.e., PRMD onset) prospectively. PRMD incidences within 6 and 

12 months among music students were 28.8% and 49%, respectively. This is similar 

to the figure of 59% reported by Ballenberger et al. (2018) for the 33 music students 

free of baseline musculoskeletal health complaints (MHC) enrolled in their prospective 

longitudinal analysis. Although Ballenberger et al.’s study involved a smaller sample 

of 33 music students from a music university in Germany and 30 non-music controls, 

it is the only study that can be compared directly with the present study due to the 

absence of prospective longitudinal studies in the literature (Rotter et al., 2020; 

Stanhope et al., 2019a, b). Although descriptive results pertaining to the singles 

incidences according to the academic level could suggest that the transition to higher 

musical training (i.e., both from Pre-college to Bachelor studies and from Bachelor 

3&4-year group and Masters levels) might have played a role in the development of 

PRMDs, both bivariate and multivariable analyses did not report any significant 

association. Overall, consideration of baseline and longitudinal findings reveals a 

paradox for the understanding of the prevalence and incidence of PRMDs amongst 

differing levels of training for student musicians. The results of the cross-sectional 

study revealed a significant relation between PRMDs’ prevalence and being a first- or 

a second-year Masters student (see Chapter 5). However, the results of the 

longitudinal study included in this chapter offered contradictory evidence, showing 

that educational level was not influential in a 49.0% incidence of PRMDs within a 12-

month period.  Therefore, the latter was also contrary to prior conceptual expectations 

(i.e., secondary research hypothesis 4: ‘During their training, university-level music 

students develop a higher incidence of PRMDs in comparison with Pre-college 

students)’. Nevertheless, the loss-to-follow-up and diminishing sample size along with 

some suggestion of heteroscedasticity amongst the follow-ups should be considered 

within the interpretation of these results. It is plausible that under better 
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circumstances, slight but potentially relevant differences in PRMD incidence amongst 

the levels of training might be resulted statistically significant.  

 

In order to address an identified gap among current evidence, the main aim of this 

chapter and indeed of the whole thesis, was to explore the factors associated with 

increased risk of PRMD onset among music students. Potential risk factors that may 

be associated with the main outcome were hypothesised within primary research 

hypothesis (i.e., ‘The onset of PRMDs is associated with a multitude of risk factors 

among music students’) according to a critical appraisal of factors already examined 

within the literature (i.e., confirmatory factors) and an exploration of factors that have 

not been investigated yet (i.e., exploratory factors). However, not all factors 

considered within the present research project resulted significantly associated with 

PRMD onset among music students. Nonetheless, similarly to what has emerged in 

Chapter 5 and in Chapter 6 involving baseline analyses, bivariate analysis showed 

that coming from West Europe was significantly associated with PRMD onset in the 

6-month analysis. However, this finding was neither endorsed within the 12-month 

analysis (refer to Table 7.7) nor in the multinomial regression analysis (see Table 7.8). 

As this is the first longitudinal study amongst music students from different 

nationalities, its design makes it difficult to compare the results to those in earlier 

studies on MSK complaints among musicians coming from different countries. Future 

studies should explore this aspect more in detail, especially focusing on different 

cultures, which may reflect students’ behaviours and attitudes toward health in 

relation to their predisposition for PRMD onset.   

 

The distinction between PRMDs and non-PRMDs described throughout the various 

chapters of the whole thesis, assumes even greater significance in this last 

longitudinal study. For the initial cohort of students without PRMDs (n=442), students 

with generic MSK complaints have been included because it was assumed that this 

could represent an important risk factor for the onset of PRMDs (Zaza and Farewell, 

1997). At the same time, an attempt was made to offer a more focal consideration on 

MSK conditions and symptoms that affect the playing of music, allowing the 

identification of the specific factors associated with the onset of PRMDs.  Interestingly, 

PRMD onset was associated with the absence of a MSK complaint at baseline, in 

comparison with having a MSK complaint not interfering with their playing ability (i.e., 

non-PRMD) both in the bivariate analysis (6 and 12-month analysis) and in the 

multinomial regression analysis (6 and 12-month analysis). More specifically, the 
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AOR of 0.415 for baseline MSK complaints indicates that, keeping all the other 

variables at a fixed value, students with a MSK complaint at baseline assessment 

have a 58.5% (1-0.415=0.585) lower likelihood to have a PRMD onset (p<0.01; see 

Table 7.8). The latter means that the probability of developing a PRMD increases in 

music students who have not yet developed symptoms. On the other hand, self-

reporting MSK symptoms was found to be potentially protective for the onset of a 

complaint interfering with their playing ability (i.e., PRMD).  

 

Accordingly, sub-grouping musicians with all MSK complaints (i.e., PRMDs and non-

PRMDs) might have profound implications for research and potentially for clinical 

practice. For instance, considering them as a homogeneous group, regardless of their 

interference with musicians’ playing ability could be problematic and leading to 

inaccurate treatments, as minor, mild and clinically irrelevant disorders are also 

included. Given the association between PRMD onset and the absence of symptoms, 

it is likely that the prevalence of PRMDs among this population will be reduced when 

specific treatment efforts to prevent the onset of PRMDs are made. As such, after 

verifying the reproducibility of this thesis’ observed findings among other populations 

or replicating the same approach with similar samples, it should be more likely to 

identify individuals with the same conditions and similar biopsychosocial 

characteristics to better inform treatment selection and mitigate the risk for developing 

such conditions. According to Zaza and Farewell (1997), having suffered from 

previous PRMDs was found to be positively associated with recurrent symptoms. In 

addition, musicians who experienced PRMDs are more prone to change their playing-

related behaviours as a result of PRMDs (Zaza and Farewell, 1997). Before this can 

happen, it would be worthwhile to assess and monitor pre-PRMD practising 

behaviours as soon as possible, in order to help them in the process of changing their 

attitudes and habits according to the factors that are more strongly correlated with the 

onset of PRMD symptoms. For instance, the findings of the present study might help 

to classify modifiable factors that can be adjusted in order to provide an improved 

conceptual framework for future studies that will more effectively investigate whether 

reduced injury minimising the onset of PRMDs is possible. For instance, while 

nationality, instrument played, and age cannot be modified, playing behaviours (e.g., 

length and intensity of practice time and breaks), as well as lifestyle factors (e.g., 

physical condition and behaviours toward health) might be more easily changed (Zaza 

and Farewell, 1997).  
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In relation to the latter, BMI was found to be significantly associated with PRMD onset 

in the bivariate analysis both in the 6-month (z=2.11, p<0.05; see Table 7.7) and in 

the 12-month (z=2.88, p<0.01; see Table 7.7) time horizons, as well as in the 12-

month analysis of the multinomial regression analysis (AOR < 1); see Table 7.8). More 

specifically, each change of one additional BMI point appeared to be associated with 

a decrease of 33.7% (i.e.: 1-0.663=0.337) in the odds of developing a PRMD. This 

finding is somewhat similar to those conducted by Kochem and Silva (2018), who 

found that violinists with a BMI higher than 25 kg/m2 were more likely to have 

experienced left-hand pain in the past 12 months. Although their study was not 

examining the incidence and thereby the factors associated with onset of symptoms, 

it could be still speculated that BMI might be related with the presence or onset of 

musculoskeletal problems in musicians, as occurs in the working population (Viester 

et al., 2013). Nevertheless, it is complicated to give a correct interpretation of the 

increased risk associated with BMI, as both a low (<19) and high (>25) BMI might 

represent a higher risk. In addition, this measure gives only a superficial indication 

regarding the weight in relation to an individual’s height, rather than taking into 

consideration body composition and structure (Zaza and Farewell, 1997).    

 

Interestingly, a change (i.e., either increase or reduction) in the level of physical 

activity was associated with the onset of PRMDs in both 6-month (2(2) =12.03, 

p<0.01) and 12-month (2(2) =7.92, p<0.05) bivariate analysis, as well as in both 6-

month and in the 12-month multinomial regression analysis (AOR > 1). This finding 

was inconsistent with earlier cross-sectional studies, which found no associations 

between physical activity and the presence of MSK complaints (Baadjou et al., 2015; 

Brandfonbrener, 2009; Fotiadis et al., 2013; Heikkilä et al., 2012; Kaufman-Cohen 

and Ratzon, 2011; Kenny and Ackermann, 2015; Lamontagne and Bélanger, 2015; 

Matei and Ginsborg, 2020; Papandreou and Vervainioti, 2010). Nevertheless, since 

results were related to a change in the physical activity participatory level, rather than 

to an increase or decrease in physical activity intensity, they should be interpreted 

cautiously.  It could be speculated, for example, that the decline in activity intensity 

could be attributed to the onset of PRMD, where the cause and effect could not be 

established in this relationship. Similarly, increased physical activity could coincide 

with the development of problems, suggesting a potential link between the two 

variables. Future prospective studies with an adequate experimental design 

sensitivity will be able to provide new results that might be able to understand the 

extent of the association and the actual cause-effect relationship between these two 
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variables. In addition, further studies should explore the knowledge among music 

students and professionals toward physical activity, as well as ways for improving 

strength and conditioning to perform at full potential. In relation to the latter point, 

unfortunately, average knowledge of physical activity is poor amongst university-level 

music students (Matei and Ginsborg, 2020), who tend not to score well on 

standardised tests of physical fitness and healthy lifestyles (Williamon et al., 2009), 

especially in relation to health responsibility and stress management (Araújo et al., 

2017). 

 

Moreover, the findings showed that PRMD onset was significantly associated with 

higher increase in the socially-prescribed perfectionism (SPP) score in the 6-month 

bivariate analysis (z=-3.12, p<0.01; see Table 7.7) and in the 6-month multinomial 

regression analysis (AOR > 1; see Table 7.8). Similarly, PRMD onset was associated 

with higher increase of other-oriented perfectionism (OOP) in the 6-month analysis 

bivariate analysis (z=-2.49, p<0.05; see Table 7.7). Interestingly, PRMD onset was 

also associated with lower rates of self-oriented perfectionism (SOP) (z=2.38, p<0.05; 

see Table 7.7), albeit only within the bivariate analysis at 6-months. According to 

Hewitt and Flett (Hewitt and Flett, 1991, 2004), socially-prescribed perfectionism and 

other-oriented perfectionism are both focused on social expectations and demands, 

which are somewhat external (e.g., parental expectations). Specifically, the former 

represents the perception (veridical or not) that other people expect perfection from 

the individual, whereas the latter encompasses the demand that other people meet 

very high standards (Flett and Hewitt, 2015). In addition, perfectionistic inclinations 

are characteristics of elite performers that often increase during the progress to higher 

levels of performance, as happens among athletes (Stoeber et al., 2007). Given the 

nature of their activity, which is focused on the public or school expectations 

depending whether they are students or professionals, the association between 

PRMD onset with both SOP and OOP suggests that perfectionism could influence the 

onset of physical symptoms. Amongst these competitive environments, music 

students should therefore acquire effective strategies to cope with the high 

expectations (especially from others) that might result in some sort of maladaptive 

perfectionism (Araújo et al., 2017), leading to increased levels of psychological 

distress (Stoeber and Eismann, 2007) and degenerating into disruptive physical 

symptoms. Nonetheless, current research is scarce concerning the association 

between PRMDs and perfectionism. The evidence on perfectionism resides only 

within a restricted number of studies that have considered perfectionism levels and 
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sometimes, contrasting results have emerged (Sinden, 1999; Stoeber and Eismann, 

2007).  

 

Furthermore, similar to what emerged in the results pertaining to the baseline (see 

Chapter 5; Cruder et al., 2020), PRMD onset was significantly correlated with an 

increase in the levels of fatigue (i.e., CFQ 11 score) in both 6-month (z=-3.84, 

p<0.001; see Table 7.7) and 12-month (z=-2.71, p<0.01; see Table 7.7) bivariate 

analyses and both in the 6-month and 12-month multinomial regression analyses 

(AOR > 1; see Table 7.8). As fatigue might result from physical, cognitive and 

emotional exertion (Drinkwater and Klopper, 2010; Hansen and Reed, 2006), it might 

be assumed that many musicians experience MSK symptoms attributable to a 

biomechanical dimension, possible due to overuse of tissues involved in the act of 

playing and therefore related to their musical activities through nociceptive (e.g., 

repeated and constant load) or neuropathic (e.g., repetitive mechanical load resulting 

in damage to the peripheral nerve) mechanisms (Stanhope and Weinstein, 2021). 

Nevertheless, evidence pertaining to the pathophysiology of playing a musical 

instrument is scarce (Baadjou, 2018), although relatively strong associations between 

MSK complaints and the maintenance of ergonomically unfavourable playing 

positions are assumed. Biomechanical approaches to the assessment of movement 

tasks and fatigue should be combined with appropriate patterns of MSK complaints 

to quantify the strain generated in specific tissues during playing activity. Future 

research should focus on effective approaches to identify successful strategies to 

address painful conditions by developing prediction models that might be used to build 

safe and effective training guidelines for musicians (Hawkins and Metheny, 2001). A 

proper strategy for prevention and fatigue management could be a potential 

contribution within a healthier educational context and might reduce the impact of 

PRMDs among music students aspiring to become professional musicians (Chan et 

al., 2014a). Indeed, based on self-reported PRMDs’ rates from the current literature, 

it seems that the prevalence of MSK complaints amongst professionals and music 

students is relatively unchanged over recent decades (Stanhope et al., 2019a). This 

is despite the prevention strategies that had been established in Europe (Baadjou et 

al., 2018b; Spahn et al., 2004, 2014, 2017; Zander et al., 2010) and the UK (Ginsborg 

et al., 2009; Matei et al., 2018). MSK complaints’ rates could be related to insufficient 

health promotion and inefficient prevention awareness during music students’ 

training. This indicates that better results could be obtained by addressing health 

awareness taking into consideration the findings of the present study and the latest 
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research findings from prospective longitudinal studies to make them effective and 

functional resources for music students’ training.  

 

 

7.4.1 Limitations 

There are limitations to be aware of when considering the study’s design. Firstly, this 

study involved an online-based administration of questionnaires that, while it 

encompasses the benefit of being able to reach a larger population sample in a time- 

and cost-efficient way, it could also represent a high risk of data attrition; students are 

usually considered to be internet users but nowadays they are constantly burdened 

by messages and emails that can easily be deleted or ignored. Secondly, self-

reported data might be limited by the fact that results cannot be independently and 

objectively verified. In addition, self-report methods can contain potential bias (i.e., 

remembering or not remembering experiences or events that occurred in the past; 

attributing positive or negative outcomes to events due to external forces; over- or 

underestimating events or experiences). For instance, since the data was obtained 

through a study design of 6-monthly self-reported questionnaires, the study was 

inevitably subject to recall bias. However, on the other hand, this represented a cost-

effective way to collect data from large numbers of people. It could be argued that 

participants should have been observed and tested with higher frequency in order to 

investigate more accurately the time-frame of developing PRMDs and associated 

symptoms, but this was not feasible for logistical purposes. It was thought that the 

proposed time interval between assessments (i.e., 6 months) was appropriate in order 

to pick out important and more permanent PRMDs and not transient ones that may 

come and go as part of normal daily activities. It was believed that any bias was small 

and only those participants who experienced transient pain or the least MSK 

symptoms were missed. In addition, I believe that the response rate could have been 

negatively influenced by more frequent assessment intervals, particularly when 

participants are reached via email as was required in this study. In relation to recall 

issues, it should be highlighted that there were also different recall periods among the 

questionnaires during the follow-ups. More specifically, the Quick Dash and IPAQ-SF 

refer to the previous 7 days, CFQ 11, as well as K10 refer to the past 30 days and 

finally in the HFMPS-SF, there is no specific time reference. 

 

Additionally, this 12-month observation involving changed 'educational levels' may 

provoke hetero- or homogeneity in the variables to be assessed for the strength of 
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correlation over time.  As such, this would have potentially provoked and elicited 

changes in the shape of the dispersion matrices and altered linkage amongst 

variables. Beyond any doubts, the use of panel data analysis could have contributed 

to a better understanding of the cause-effect relationship between PRMD onset, and 

all the variable considered, while providing potentially superior estimates. Similarly, a 

panel analysis might have permitted to control for all the unobserved variables (i.e., 

characteristics that were not taken into consideration) that might have played a role 

in the onset of PRMDs. Usually, a panel model includes two or more observations 

amongst a large sample (i.e., a large n) to verify whether the dependent variable 

changes over time (i.e., onset, occurrence or non-occurrence of events) or to estimate 

causal models. The initial plan was to use all the variables included in the model of 

the cross-sectional baseline analysis (refer to Chapter 5; Cruder et al., 2020) and 

explore whether the longitudinal analyses involving a panel model could have 

provided superior estimates as compared to cross-sectional models of association.  

 

However, a panel analysis could not be conducted as it would have required a larger 

sample size within the second follow-up in order to establish adequate experimental 

design sensitivity, which due to the inevitable drop-outs, could not have been assured, 

or attained. Indeed, the participants included in the second follow-up were only 118 

and this reduction might have decreased the power of the tests, especially because 

the variables considered as potential contributors/factors were many (i.e., 21). 

Therefore, considering the reduced sample in the second follow-up with so many 

variables and the main aim of the PhD programme (i.e., the evaluation of the factors 

associated with increased risk of the onset of PRMDs), a logistic regression model for 

predicting the onset of PRMDs was preferred, as outlined in the description of the 

statistical analysis (see Section 7.2.2). Overall, this approach to modelling of the data 

offered a best compromise for interrogating as large a sample size as was possible 

effectively (n=442), taking into account both the onset of PRMDs at 6 months and that 

at 12 months. Although the factors considered could be interpreted only as 

‘associated factors’ rather than ‘causal factors’ (also taking into account the limited 

time of one-year follow-up), this analysis could be nevertheless considered a step 

forward in the literature, especially considering its longitudinal approach. Furthermore, 

notwithstanding the reduction of the sample due to drop-outs in the first and in the 

second follow-up, the initial sample size of 442 students was considered suitable and 

adequate, according to sample size recommendations for multinomial logistic 
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regression, which indicate a minimum of 10 cases per independent variable (Schwab, 

2002).  

 

Nonetheless, further studies including different universities and countries are needed, 

examining whether the present findings could be reproducible across a broader range 

of music students or among professionals and similar populations. Despite the 

limitations, this study represents an effort to improve upon previous methods of 

investigation (i.e., cross-sectional study designs) associated with factors for increased 

risk of PRMD onset among musicians, and a step forward in education and 

employment within musical contexts. 

 

 

7.4.2 Conclusions  

This longitudinal study revealed that the factors significantly associated with the onset 

of PRMDs during an assessment period of up to 12 months were changes in physical 

activity (both increase and decrease), increased levels of fatigue, absence of MSK 

complaints at baseline and an increased level of socially-prescribed perfectionism. It 

sought to build on the accomplishments of those already contributing to knowledge in 

the topic area, complementing it with explorative and speculative analyses using a 

relatively sophisticated statistical modelling for factors that may be associated with 

PRMDs amongst a population of music students at different levels of training involving 

different centres across Europe. The findings of the present study might have 

implications for further research and clinical practice. Indeed, it might be speculated 

that preventive interventions and targeted treatment strategies based on specific 

factors longitudinally investigated would be more effective for the prevention and the 

potential treatment of PRMDs. Further long-term research is needed to verify this 

among other populations as well as to investigate further trajectories or to confirm the 

results of this study.  
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8 CHAPTER 8 

General discussion and conclusions 

  



210 

8.1 Introduction and purpose of this chapter 

This general discussion will summarise, integrate and critically evaluate the main 

findings of the thesis, describing the coherence between the chapters. Key findings 

corresponding to each of the research questions will be illustrated, followed by a 

section discussing methodological considerations, overall strength and limitations of 

the thesis. Subsequently, areas in need of further exploration and future research 

directions will be considered in relation to the implications of evidence achieved with 

the present thesis.  

 

The research topic of this PhD was prompted by an interest in exploring the factors 

that might be associated with an increased risk for developing PRMDs among music 

students. As outlined in the background review (see Chapter 1), the contemporary 

literature offers very limited appraisal of possible relationships between the musician’s 

performance demands and the development of disorders due to limitations in the 

research designs that had been used (i.e., lack of longitudinal observations), low 

methodological quality (i.e., high measurement bias, inappropriate statistical analysis) 

and large heterogeneity amongst the assessment approaches and outcomes (Rotter 

et al., 2020; Stanhope et al., 2019a, b). Therefore, this thesis was designed to make 

an original contribution to knowledge in relation to whether specific features 

longitudinally influence PRMD onset among music students. Additionally, considering 

the methodological concerns among the literature (see Chapter 1) and following the 

recommendations of previous systematic and non-systematic reviews (Rotter et al., 

2020; Stanhope et al., 2019a, b), this PhD programme involved validated 

questionnaires to ensure better methodological quality of assessment, involving sub-

groups analysis of music students at different stages of their training (i.e., Pre-college; 

Bachelor of Arts and Master of Arts).  

 

In relation to the latter point, this PhD programme sought to address a limitation found 

in the literature in relation to the lack of large-scale studies on music students at 

different stages of education (Kok et al., 2016b) and within different nationalities 

(Stanhope et al., 2019a) by firstly originating a cross-sectional study derived from the 

baseline data collection (see Chapter 5). The latter involved 850 music students from 

different music institutions enrolled in different music programmes (from Pre-college 

to Masters levels). By including music students from different nationalities, enrolled in 

various academic programmes and therefore with varying skill levels, the study 
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sought to achieve a comprehensive understanding of the MSK health status of music 

students.  

 

Subsequently, as outlined in the background review (Chapter 1), the greatest 

challenge in the field of performing arts medicine was the identification of MSDs (i.e., 

diagnosis), as they were frequently classified as ‘non–specific disorders’ (Dawson, 

2007; Tubiana and Chamagne, 2000; Wynn Parry, 2004). However, this became a 

problematic task, both from a clinical point of view (it is difficult to treat a problem that 

is unknown or unclear) and from a researcher’s point of view because it is difficult to 

synthesise the evidence without having a clear diagnosis (Zaza and Farewell, 1997; 

Zaza et al., 1998). Similarly to work-related musculoskeletal disorders, musicians 

might suffer from MSK symptoms, which interfere with their ability to play the 

instrument at the level to which they are accustomed, having a negative impact on 

participatory levels of musical activities (i.e., rehearsals, practice and performance) 

(Zaza, 1995; Zaza et al., 1998). The absence of gold standard criteria for the 

diagnosis of PRMDs encouraged a Canadian researcher and her colleagues (Zaza, 

1995; Zaza et al., 1998) to develop an operational definition that reflected musicians’ 

perceptions and understanding of symptoms as well as the repercussions of these 

symptoms on their life as musicians. The purpose was to achieve external and 

complementary perspectives on musicians’ attitudes toward PRMDs. The resulted 

definition was in form of a single question: ‘Do you have pain, weakness, lack of 

control, numbness, tingling or other symptoms that interfere with your ability to play 

your instrument at the level you are accustomed to?’ (Zaza, 1995; Zaza et al., 1998). 

A further in-depth analysis of the terms that were frequently attributed by participants 

during interviews revealed that from musicians’ point of view, PRMDs were personal, 

chronic, severe, uncommon, beyond their control and are considered playing-related 

only when playing was affected. However, although this definition is the most widely 

employed definition nowadays (Stanhope et al., 2019a), results of the systematic 

review included in Chapter 2 revealed that many studies assessed PRMDs without 

strictly following the definition offered by Zaza et al. The ambiguity and inconsistency 

in the use of PRMDs’ definition might further result in misunderstandings and 

confusion, significantly limiting data comparison and the development of further 

suitable and tailored prevention strategies, as well as the magnitude and the meaning 

of PRMDs for musicians.  

The latter was considered particularly important when conceiving the study included 

in Chapter 6, which was based on the disentanglement between PRMDs and non-
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PRMDs in the assessment of the cohort of music students with current MSK 

complaints (i.e., occurring one month prior baseline completion) at baseline. The 

results highlighted differences amongst music students self-reporting PRMDs in 

comparison with the other group. This study could provide a starting point for a more 

in-depth consideration on Zaza et al.’s definition of PRMDs, while exploring 

characteristics specifically related to PRMDs in comparison to generic MSK 

complaints. This approach might further form the basis for a more effective long-term 

research study to quantify the impact trajectories of different patterns of PRMDs 

affecting music students and the efficacy of standardised interventions of both primary 

and secondary prevention for musicians with PRMDs.  

 

Finally, Chapter 7 of the present thesis represents the culmination of the entire work, 

which focused on the longitudinal identification of the factors associated with 

increased risk of PRMD onset among music students participating in the research 

project. In order to accomplish this, music students who were free of any PRMD at 

baseline were monitored after 6 and 12 months to verify any onset, with concomitant 

exploration of characteristics amongst participants who had developed PRMDs within 

the follow-ups. Figure 8.1 summarises the conceptual framework encompassed by 

the present thesis and the known strengths of associations amongst its key features.  
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Figure 8.1 The figure above is a visual representation of the different aspects underpinning the hypotheses of the thesis and their respective 

relationships after completion of the thesis study.  

The dashed lines represent the relationships that were found in the cross-sectional study (Chapter 5) as factors related to the presence of PRMDs. 
The solid lines represent the relationships that have now been confirmed from the longitudinal data reported within Chapter 7.  

MSK, Musculoskeletal; PRMD(s), Playing-related musculoskeletal disorder(s).
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8.2 Main findings 

8.2.1 What are the main factors associated with increased risk of PRMDs in 

music students?  

In order to explore the associations between the onset of PRMD within a period of a 

year and the independent variables (i.e., demographic variables, those with reference 

to the health-related status and those related to the playing of musical instruments), 

bivariate analysis and multinomial regression analysis (i.e., predictive models at 

multivariable level) were both conducted. As regards the bivariate 6-month analysis, 

when considering baseline variables, the onset of PRMDs was associated with 

Western European nationality (when compared to Southern European and other 

nationalities) [2(2) =6.79, p<0.05], to the absence of any MSK complaint [2(1) =7.40, 

p<0.01] and to a lower self-oriented perfectionism score (SOP) [z=2.38, p<0.05]. 

When considering the evolution of the variables, the onset of PRMDs was associated 

with a slight average decrease of the BMI (compared to a slight increase for non-

onsets) [z=2.11, p<0.05], as well as to a change in the level of physical activity (either 

increase or reduction) [2(2)=12.03, p<0.01] and to higher increase in the other-

oriented perfectionism (OOP) [z=-2.49, p<0.5], socially-prescribed perfectionism 

(SPP) [z=-3.12, p<0.01] and fatigue (CFQ 11) score [z=-3.84, p<0.001]. In addition, 

PRMD onset appears to be related to a stability/slight increase in the number of hours 

of practice per day [z=-1.97, p<0.05], compared to a reduction for non-onsets.  

 

The bivariate 12-month analysis confirmed the statistical significance of the 

associations between PRMD onset and the absence of any MSK complaint at the 

assessment [2(1)=6.59, p<0.05], a slight average decrease of BMI (compared to a 

slight increase for non-onsets) [z=2.88, p<0.01], the change in the level of physical 

activity (either increase or reduction) [2(2)=7.92, p<0.05] and the increase in the 

levels of fatigue (CFQ11 score) [z=-2.71, p<0.01]. Nevertheless, the variables that 

were significantly associated with PRMD onset in the 6-month analysis (i.e., 

perfectionism scores, hours of practice and nationality) at 12 months did not seem to 

be associated with PRMD onset, emerging heteroscedasticity associated with 

diminishing sample size during follow-up per protocol analyses. Interestingly, the 12-

month analysis highlighted a significant association between the onset of a PRMD 

and a slight decrease in the number of hours of sleep [Z=2.18, p<0.05].   

Furthermore, in the multivariable model, the variables significantly associated with 

PRMD onset both in the 6- and 12-month analyses were the changes in the physical 
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activity level (IPAQ-SF score) and an increase in the levels of fatigue (CFQ 11 score) 

(AOR > 1). The direction changed in the variable ‘MSK complaints’, where students 

with a MSK complaint at baseline assessment had lower probability to develop a 

PRMD both in the 6- and in the 12-month analyses (AOR < 1). On the other hand, the 

variable significantly associated with PRMD onset only in the 6-month analysis was 

the increased level of SPP score (AOR > 1). Additionally, the 12-month model 

highlighted two additional statistically significant associations between PRMD onset 

and the changes in the BMI and K10 score: each change of one additional BMI point 

and in the K10 score appeared to be associated with a decrease in the odds of 

developing a PRMD (AOR < 1). Table 8.1 and Table 8.2 summarise the main findings 

of the bivariate and multivariable analyses, respectively. 

 

Table 8.1 Summary of the variables associated with PRMD onset according to the 

bivariate analysis. 

6 months 12 months 

Nationality West Europe * - 

No MSK complaint at baseline ** No MSK complaint at baseline * 

Δ (Slight) decrease of the BMI * Δ (Slight) decrease of the BMI ** 

Δ Change in physical activity participatory 

levels [IPAQ-SF score] (both increase and 

reduction) ** 

Δ Change in physical activity 

participatory levels [IPAQ-SF score] 

(both increase and reduction) * 

Lower self-oriented perfectionism at baseline 

[HFMPS-SF SOP sub-scale score] * 
- 

Δ Increase of other-oriented perfectionism 

[HFMPS-SF OOP sub-scale score] * 
- 

Δ Increase of socially-prescribed perfectionism 

[HFMPS-SF SPP sub-scale score] ** 
- 

Δ Increase of fatigue [CFQ 11 score] *** Δ Increase of fatigue [CFQ 11 score] ** 

Δ Stability/slight increase of practice hours * - 

- (Slight) decrease of hours of sleep * 

*** p<0.001, ** p<0.01, * p<0.05; Δ evolution 

BMI, Body Mass Index; CFQ 11, Chalder Fatigue Scale; HFMPS-SF, Hewitt and Flett’s 
Multidimensional Perfectionism Scale – short form; IPAQ-SF, International Physical Activity 
Questionnaire – short form; MSK, Musculoskeletal; OOP, Other-oriented perfectionism; 
PRMD, Playing-related musculoskeletal disorder; SOP, Self-oriented perfectionism; SPP, 
Socially-prescribed perfectionism. 

Table 8.2 Summary of the variables associated with PRMD onset according to the 

multinomial regression analysis. 
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6 months 12 months 

Higher 

probability 

for PRMD 

onset  

Δ Change of physical activity 

participatory levels [IPAQ-SF 

score] ** 

Δ Change of physical activity 

participatory levels [IPAQ-SF score] * 

(AOR > 1) Δ Increase of socially-prescribed 

perfectionism [HFMPS-SF SPP 

sub-scale score] ** 

- 

 Δ Increase of fatigue [CFQ 11 

score] ** 

Δ Increase of fatigue [CFQ 11 score] * 

Lower 

probability 

for PRMD 

onset  

MSK complaint (vs no MSK 

complaint) ** 

MSK complaint (vs no MSK complaint) * 

(AOR < 1) - Δ Increase BMI * 

 - Δ Increase psychological distress  

[K10 score] (increase) * 

*** p<0.001, ** p<0.01, * p<0.05; Δ evolution 

BMI, Body Mass Index; CFQ 11, Chalder Fatigue Scale; IPAQ-SF, International Physical 
Activity Questionnaire – short form; K10, Kessler Psychological Distress Scale; HFMPS-SF, 
Hewitt and Flett’s Multidimensional Perfectionism Scale – short form; MSK, Musculoskeletal; 
PRMD, Playing-related musculoskeletal disorder; SPP, Socially-prescribed perfectionism. 

 

 

Interestingly, there was no statistically significant association between PRMD onset 

and different levels of music students (Pre-college and university-level music 

students) despite the positive correlation observed in the baseline cross-sectional 

analysis (see Chapter 5), especially in relation to 1&2- year Masters’ students and the 

transition toward higher education levels that this group represents. The reason for 

this could be due to the reduction of participants in the first and second follow-ups 

because of the inevitable drop-outs. Given the relatively strong association between 

the variables in the multivariable analysis of the cross-sectional study (see Chapter 

5), a maintenance of a relationship between these two variables (i.e., PRMDs and 

academic level) might have been expected, corroborating the longitudinal patterning 

of these findings. However, at this stage of the research process, the latter necessarily 

had to remain as speculation due to the fact that the thesis encompassed an 

explorative study, with no other studies in the literature having previously examined 
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the difference amongst Pre-college and university-level music students, especially 

within a longitudinal design.  A similar study with a larger cohort compensating for 

anticipated attrition amongst sub-categories of participants and ensuring the survival 

of necessary levels of design sensitivity at its longitudinal end-point, would be 

recommended to confirm the present study's results and avoid the potential intrusion 

from inflated Type-II error rates.   

 

Similarly, there was no statistically significant association between PRMD onset and 

different musical instruments played. This finding was consistent with previous studies 

not reporting any significant difference between instruments in relation to the 

presence of MSK complaints (Cruder et al., 2018; Kok et al., 2016b). Nevertheless, 

despite the relatively large size of my study’s sample, instrument-specific analyses 

were not viable statistically, and categories according to their playing position were 

used instead (Kok et al., 2017; Nyman et al., 2007).  

 

 

8.2.2 What is the prevalence of PRMDs among university-level students in 

comparison with Pre-college students? 

The prevalence of PRMDs among music students is high according to the literature 

(Baadjou et al., 2016). A recent systematic review has reported the point prevalence 

of playing-related complaints among musicians as between 9% and 68% and a 

lifetime prevalence varying between 62% and 93% (Kok et al., 2016b). This range of 

percentages reflect a high heterogeneity in the literature in relation to methods and 

study populations amongst small samples that limit generalisations and meta-

analytical synthesis of the evidence (Kok et al., 2016b; Rotter et al., 2020; Stanhope 

et al., 2019a, b). As previously mentioned, there is currently a gap in the literature 

pertaining to the prevalence among large-scale samples of music students at different 

stages of their education (from Pre-college to Masters level). The objective of Chapter 

5 was therefore to examine the prevalence of PRMDs amongst a large-scale 

population of music students enrolled in different music universities in Europe. The 

hypothesis was that university-level students would report a higher prevalence of 

PRMDs in comparison with Pre-college students, potentially due to the assumption 

that the exposure of playing-related activities is progressively demanding throughout 

their educational training. In order to offer a more detailed picture, the important 

distinction between PRMDs and non-playing-related complaints was included in the 
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analysis, as well as the use of adequate and validated outcome measures (Baadjou 

et al., 2016; Berque et al., 2016; Kok et al., 2016b). 

 

The predominant finding of Chapter 5 was that PRMDs were self-reported by 48% of 

participants (n=408), while less than 20% self-reported a MSK complaint that was not 

perceived to be related to the musical practice, and about one third self-reported 

having no MSK complaints. In order to answer the first secondary research question 

of the present thesis and therefore make a comparison between music students from 

the different stages of education, the results of Chapter 5 can be contextualised by 

comparing Pre-college participants with those enrolled in a university degree, with the 

aim of verifying whether relevant differences exist amongst the groups. Figure 8.2 

reflects the findings reported in Table 5.7 (see Chapter 5, Section 5.3.2) and illustrates 

the percentages of participants with PRMDs, those with MSK complaints (non-

PRMDs) and those self-reporting no complaints (noMSK). As Pre-college participants 

are students who have not yet started a university education, they could be 

considered as a controlled reference compared to students enrolled in Bachelors or 

Masters programmes, notwithstanding variances in their preparatory training in 

musicianship. Nearly half of Pre-college participants self-reported having no MSK 

complaints (45%), as can be seen in Figure 8.2. Remarkably, the prevalence of PRMD 

was predominantly higher within the Masters 1&2-year group (64%), whereas within 

the Pre-college group and in the Masters 3&4-year group, it was relatively lower (44% 

and 43%, respectively). 
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Figure 8.2 Prevalence of self-reported playing-related musculoskeletal disorders 

(PRMDs) among groups according to their academic level.  

BA1&2: Music students enrolled in their first and second year of Bachelor of Arts in Music; BA 
3&4: Music students enrolled in their third and fourth year of Bachelor of Arts in Music; MA 
1&2: Music students enrolled in their first and second year of Master of Arts in Music; MA 3&4: 
Music students enrolled in their third and fourth year of Master of Arts in Music; GY/CE: Music 
students experiencing a gap year or enrolled in a continuing education programme; MSK, 
musculoskeletal; PRMD, Playing-related musculoskeletal disorder. 

 

 

The peak in prevalence of PRMDs amongst first or second year Masters students was 

also confirmed by the multivariable analysis in which, when compared to Pre-college, 

students attending the 1st and 2nd year of a Masters course were associated with 

having a higher self-reported prevalence of PRMD (RRR=2.747; RRR>1; see Table 

5.8). Interestingly, the prevalence of PRMDs of music students enrolled in Master 1&2 

differed significantly from that of music students attending the 3rd and 4th year of a 

Masters course, which was similar to that of Pre-college students. Consistent with 

these findings, a longitudinal study in five German music universities reported an 

incidence of playing-related health problems of 29% at the beginning of music 

students’ studies, which raised to 42% at the second year and subsequently 

decreased to 36% at the third year (Spahn et al., 2017). Although slightly different in 

purpose because the latter study was a cross-sectional study investigating music 

students at different stages of education, present findings showed a similar trend. 

Indeed, according to Baadjou (2018), higher education contexts can be considered 

stressful places for musicians. Similarly, Kok et al. (2013a) reported a higher 

prevalence of MSK complaints among music students in comparison with students 

from another field, suggesting an association between being a music student and 

reporting symptoms. Subsequently, high levels of competition and isolation, 

sedentary lifestyles, as well as demanding and irregular schedules could presumably 

be seen as important contributors to physical and psychological health problems in 

musicians (Demirbatir, 2015; Perkins et al., 2017). As discussed in Chapter 5, it is 

worthwhile to consider that music students at Masters 3&4-year level self-reported a 

lower percentage of PRMDs in comparison with students at earlier stages (i.e., 

Masters 1&2). The reason of this finding might be attributed to the fact that music 

students at later stages could have had the opportunity to become accustomed to the 

high levels and intensities of practice or accommodate their technique to minimise the 

risk of PRMD onset. In relation to this latter point, students at Masters 3&4-year level 

could have had the possibility to learn primary prevention strategies through 
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prevention programmes and health education courses, which have been recently 

developed in different institutions throughout Europe and UK (Arnason et al., 2018; 

Baadjou et al., 2018b; Matei et al., 2018; Spahn et al., 2017; Zander et al., 2010). 

 

 

8.2.3 Are there any differences in the factors associated with the general 

presence of MSK complaints (PRMDs or not) and factors specifically 

related to PRMDs among music students?  

A further goal was to begin to identify factors that could be associated with the self-

reported presence of PRMDs among music students. Specifically, an approach 

involving multivariable modelling was believed to offer preliminary explorative and 

novel insights of the baseline findings (to be further verified within the longitudinal 

analyses) disentangling between PRMDs and non-PRMDs. In relation to the latter 

point, the distinction between generic MSK complaints and PRMDs permitted 

identifying only the factors associated specifically with PRMDs (refer to Chapter 5). 

As outlined in the previous section, being a first- or a second-year Masters student 

was significantly associated with the self-reported presence of PRMDs. Besides, 

results highlighted that the self-reported presence of PRMDs was also associated with 

coming from West Europe, having more years of experience and higher rates of 

perceived exertion after 45 minutes of practice without breaks. 

 

With regards to the regional distribution of the prevalence of PRMDs, it appears to be 

relatively homogeneous in the bivariate analysis of Chapter 5 (refer to Section 5.3.2), 

even though East and West European participants self-reported a slightly high rate of 

PRMDs, 54% and 52% respectively. However, participants from West Europe 

reported the lowest prevalence of non-playing related complaints (8%) compared with 

East European participants (31%). This may suggest that West European participants 

tended to suffer less from MSK complaints than their East European counterparts. 

However, when they reported a MSK complaint, this was more likely to have been 

designated as a PRMD, with a commensurate capability for it to interfere with musical 

practice. This finding was confirmed also in the multivariable analysis (refer to Chapter 

5, Section 5.3.3), where Western European participants demonstrated a higher 

probability of reporting a PRMD relative to having a generic MSK complaint 

(RRR=4.524; RRR>1; see Table 5.8). This would suggest that, although prevention 

appears to be prevalent in this European region area (Baadjou et al., 2018b; 

Hildebrandt et al., 2012; Spahn et al., 2001, 2002, 2004, 2014, 2017; Zander et al., 
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2010), further approaches should be adopted to prevent MSK complaints that 

interfere with their practice rather than all generic MSK complaints. The important 

distinction between PRMDs and MSK complaints might be offering a more precise 

and empirical representation of music students, with the possibility to offer distinctive 

information on trajectories of PRMDs among musicians. In addition, as this study is 

different in its nature compared to antecedents within the literature, future research 

studies should possibly include music students from the same or similar regions, in 

order to confirm the results and offer more evidence on this regard.  Remarkably, it 

might be particularly relevant for future studies to further explore this aspect in more 

detail and evaluating music students' health education and health-related behaviours 

among various countries in Europe.  

 

Furthermore, the number of years of practice and the perceived exertion after 45 

minutes of practice without breaks as well as fatigue level (CFQ 11 score) were 

significantly higher for participants reporting PRMD when compared to participants 

belonging to the other two categories (i.e., MSK and noMSK) in the bivariate analysis 

(refer to Chapter 5, Section 5.3.2). However, in the multivariable analysis (refer to 

Chapter 5 Section, 5.3.3), the CFQ 11 score appeared statistically significant in the 

models PRMD vs NoMSK (RRR= 1.104; RRR>1) and MSK vs NoMSK (RRR= 1.084; 

RRR>1), but not in the model PRMD vs MSK, possibly indicating that fatigue was 

related to the presence of a MSK complaint in general but not specifically to the 

presence of PRMDs. Conversely, ‘years of practice’ and ‘perceived exertion after 45 

minutes of practice without breaks’ appeared statistically significant in the models 

PRMD vs NoMSK and PRMD vs MSK, but not in the model MSK vs NoMSK, indicating 

a statistically significant association with the specific presence of PRMDs. Although 

these findings have to be interpreted with caution due to the cross-sectional design 

that involves necessarily self-reported data, perceived exertion and muscle tension 

have been already suggested to be related with pain and PRMDs in the performing 

arts medicine literature (Ackermann et al., 2012, 2014; Ballenberger et al., 2018; 

Berque and Gray, 2002; Bragge et al., 2008; Chan et al., 2014a; Davies and Mangion, 

2002; McCrary et al., 2016; Rickert et al., 2012). As outlined in the discussion section 

of Chapter 5, such relationships might be due to the lack of control over rehearsals 

and practice schedules (Rickert et al., 2014a) that might contribute to an increased 

muscle tension and physical effort while playing. Consequently, it seems inevitable 

that preventive programmes should be designed considering these findings to help 

students improving their muscle strength and endurance to cope with a repetitive and 
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demanding practice.  

 

Furthermore, despite the inconsistencies amongst the results in the performing arts 

medicine literature outlined in Chapter 1, the results suggesting an association 

between the self-reported presence of PRMDs and years of practice both in the 

bivariate and multinomial regression analyses, were consistent with previous studies 

(Berque et al., 2016; Črnivec, 2004). More specifically, Berque et al. (2016), who 

properly used the definition of Zaza et al. (1998) (refer to the systematic review in 

Chapter 2) reported that years of professional playing were significantly correlated 

with the presence of playing-related musculoskeletal problems. Despite this, other 

studies reported opposed findings, indicating a potentially protective effect of aging 

(Amorim and Jorge, 2016; Heikkilä et al., 2012) and having more years of experience 

(Davies and Mangion, 2002; Sandell et al., 2009; Yeung et al., 1999; Zaza and 

Farewell, 1997).  

 

 

 

8.2.4 Are there any differences in the characteristics associated with current 

PRMDs among music students?  

The aim of Chapter 6 was focusing on participants who self-reported a MSK complaint 

at baseline in order to describe the prevalence and PRMD characteristics among this 

sub-sample. In order to avoid continuing to nourish heterogeneity in this field of 

research, it was believed that the most reasonable strategy was to deploy the best 

definition of a PRMD currently available according to recent recommendations 

(Stanhope et al., 2019a) with the aim of exploring significant differences in the 

characteristics of participants with and without current PRMDs. Results of Chapter 6 

reported that 238 participants out of 340 (70.0%) considered their current MSK 

complaint a PRMD.  

 

Notwithstanding a statistical similarity in relation to PRMD prevalence amongst most 

sub-groups of participants, singers and music students playing instruments with both 

arms elevated in a frontal position and with only the left arm elevated self-reported 

the highest prevalence (73.0% and 71.4% in both figures, respectively; p 

<0.05).These findings were consistent with previous studies, which reported high 

prevalence of symptoms among singers (Cruder et al., 2018) and among musicians 

playing with one or both arms elevated (Kok et al., 2017; Nyman et al., 2007). Indeed, 
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the latter is considered a recognised risk factor (Nyman et al., 2007) and previous 

studies have demonstrated that working with elevated arms might contribute to the 

degeneration of muscles and tendons, causing discomfort and distress (Jarvholm et 

al., 1988a, b, 1989; Nyman et al., 2007; Palmerud et al., 2000). Furthermore, in 

relation to the location of symptoms and consistent with previous research (Cruder et 

al., 2018; Kaufman-Cohen and Ratzon, 2011; Kochem and Silva, 2018; Kok et al., 

2016b; Paarup et al., 2011, 2012; Stanek et al., 2017; Steinmetz et al., 2015), the 

findings of Chapter 6 showed that in the sub-sample self-reporting a current MSK 

complaint, the anatomical areas most affected were neck (59.1%), shoulders (43.2% 

on the right and 40.3% on the left) and back (37.7% in the upper part and 37.1% in 

the lower part). Nevertheless, an overall higher prevalence of symptoms was reported 

for the upper body in participants self-reporting PRMDs, as might have been 

anticipated. This was distinctive in the neck (60.1% of the PRMD group vs 56.9% of 

the non-PRMD group), the left shoulder (43.3% of the PRMD group vs 33.3% of the 

non-PRMD group), the low back (40.3% of the PRMD group vs 29.4% of the non-

PRMD group) and the left elbow (15.5% of the PRMD group vs 4.9% of the non-

PRMD group). Interestingly, the difference in the left elbow was even more prominent 

in the second question of the NMQ, asking whether they had been prevented from 

doing their normal work in the previous 12 months (40% in the left elbow in the PRMD 

group vs 10% in the non-PRMD group) and in the results of bivariate analysis, where 

participants self-reporting symptoms in the left elbow were more likely to report a 

PRMD (see Table 6.5 in Chapter 6, Section 6.3.2; 2(1)=7.47; p<0.01). 

 

Furthermore, similarly to findings of Chapter 5, coming from West Europe (2(4) 

=10.28; p<0.05) and being a first- or a second-year Masters student (2(5) =13.37, 

p<0.05) was significantly associated with self-reporting a PRMD rather than a generic 

MSK complaint (see Table 6.5 in Chapter 6, Section 6.3.2). However, in addition to 

what emerged in Chapter 5, Pre-college students were more inclined to report PRMDs 

(2(5) =13.37, p<0.05) in comparison with the total sample. In addition, the self-

reported presence of PRMDs was significantly associated with higher rates of 

perceived exertion after 45 minutes of practise without breaks (z=-2.29; p<0.05) and 

lower rates of pain self-efficacy (z=2.32; p<0.05), suggesting a linkage between the 

overload and the musicians’ ability to play and perform to their fully potential. In 

relation to this, health condition can be assessed according to different domains in 

accordance with the ICF model (WHO, 2002), which is a valuable tool to consider all 

the factors related to a specific condition (Guptill, 2008). Presumably, in the ICF the 
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MSK overload might contribute to MSDs, which are manifested by symptoms. 

Individual evaluation of symptoms might determine whether these symptoms are 

considered severe complaints significantly interfering with a person’s daily life and 

profession. 

 

Finally, a hierarchical cluster analysis was conducted using a part of the data included 

within the thesis (Cruder et al., 2021a, b; see Appendix VIIIa, b).  This addressed the 

pervading nature of symptoms such as pain within PRMDs and contributed a worthy 

contextualisation and characterisation of the nature of PRMDs in attempting to 

differentiate them from MSK complaints. The analysis focused specifically on music 

students with current MSK complaints at baseline, with the aim of exploring patterns 

of pain location using a cluster analysis, as well as the association between the 

identified pain patterns and students’ characteristics. The complexities of being able 

to understand the scope and extent of PRMDs based on flawed descriptions and 

definitions amongst the evidence, have been highlighted within the present thesis. 

Given the pervading nature of pain within PRMD, this cluster contribution sought to 

add a worthy contextualisation of the nature of PRMDs as they might be differentiated 

from MSDs. 

 

 

8.2.5 Are there any differences in the incidence of PRMDs among music 

students at different levels of music training? 

In addition to exploring the factors associated with increased risk of PRMD onset 

within 6 and 12 months from baseline assessments, Chapter 7 aimed at assessing 

the incidence of PRMDs among music students at different levels of training, thereby 

addressing an identified gap among the literature. PRMD incidences within 6 and 12 

months among music students who were free of PRMDs at baseline was 28.8% and 

49.0%, respectively. Specifically, the initial cohort of 442 music students without 

PRMDs at baseline was reassessed at 6 months, although only 271 participants 

completed the first follow-up (193 participants reported no PRMDs, 78 developed a 

PRMD within 6 months), while 171 dropped out. Of the 193 participants without PRMD 

at baseline, only 118 completed the second follow-up (100 participants reported no 

PRMDs, 18 developed a PRMD within 12 months), while 75 dropped out. Therefore, 

a total of 18 additional music students developed a PRMD within 12 months from 

baseline assessment, as reported in Figure 7.2 (see Chapter 7, Section 7.3). Since 

the aim was to assess the incidence within a period of 12 months, the 78 students 



225 

that developed a PRMD within 6 months from baseline assessment were combined 

with the 18 students that developed a PRMD only in the second follow-up, obtaining 

96 participants reporting a PRMD onset with a total incidence of 49%. 

 

Nevertheless, despite an audit showing an accumulation of PRMDs amongst 

previously asymptomatic students beyond baseline assessment, there was 

insufficient evidence to support the hypothesis that during their training, university-

level music students develop a higher incidence of PRMDs in comparison with Pre-

college students (see Chapter 3, secondary hypothesis 4), where the latter group had 

acted as proxy ‘controls’. Thus, it would appear that the total incidence of PRMD onset 

of 49.0% amongst students was not necessarily overtly linked to their level of musical 

training, and that the explanatory mechanism for incidence belonging to PRMD lies 

plausibly amongst other factors.  

 

Nevertheless, the potential intrusion of inflated Type-II errors rates as increasing loss-

to-follow-up and diminishing sample size, together with some suggestion of 

heteroscedasticity amongst the follow-up data, should be considered within the 

interpretation of the statistical analyses. It is plausible that under these circumstances, 

subtle but potentially important differences in PRMD incidence amongst the levels of 

training might still remain undetected.  

 

Thus, despite the comparisons such as those between Pre-college students and 

Bachelor students at their 1 and 2 year, as well as Master students at their 1 and 2 

year (see Chapter 7, Section 7.3) not reaching the criterion thresholds of probability 

for statistical significance, for the aforementioned reasons, such expectations of 

change in PRMD incidence according to the academic training level that had been 

held originally prior to data acquisition, might still be useful in helping to shape the 

hypotheses for future studies. Indeed, future studies should incorporate improved 

experimental design sensitivities to better counteract loss-to-follow-up and have the 

capability to better reveal subtle but potentially important differences should they exist 

in this population of music students.  

  

One of the novel features of the study’s design within the context of the contemporary 

literature, was its focus on longitudinal evaluations of the incidence of PRMD 

alongside concomitant assessments of potential mechanistic determinants, such as 

level of educational training.  This would overcome the limitations associated with 
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cross-sectional designs, which lack the temporal relationships between exposure and 

condition (Croft et al., 2001) and the capability to detect developments or changes in 

the participants’ characteristics. As such, notionally, greater weight should be afforded 

to the findings of the longitudinal analyses in which educational training level was not 

necessarily linked to the incidence of PRMDs and that explanatory mechanisms may 

lie elsewhere. 

 

 

8.3 Overall strength and limitations 

The overall strength of the approach adopted within the thesis lies in its longitudinal 

design. In order to accomplish the thesis’ aims, it was deemed worthwhile to find an 

appropriate framework for collecting data, which would be effective in offering 

meaningful analysis of a student and sub-groups of music students participating in 

the study. Longitudinal studies permit researchers to follow individuals (Rajulton and 

Ravanera, 2000) thereby monitoring how variables change over time, while exploring 

possible associations between the measured outcome and the variables (Menard, 

1991; Ruspini, 2008). In order to obtain sufficient data to conduct appropriate and 

meaningful analysis, as well as to have a better representation of music students in 

comparison with antecedents among the literature, it was important to involve a large-

scale sample coming from different pan-European music institutions and enrolled at 

different levels of education. For this reason, the study consisted of a survey-based 

research involving self-reported measures, which are recognised tools to assess 

individuals’ characteristics and health conditions (Lenderink et al., 2012). In the 

performing arts medicine, no consistency has been found in the use of outcome 

measures to assess musicians’ health (Stanhope et al., 2019a) and non-validated 

questionnaires are frequently used, thereby hampering the interpretation of the results 

and pooling of data across the literature. In this thesis, in order to address this gap in 

literature, I decided to use validated questionnaires frequently applied amongst 

general or chronic pain populations (e.g., Pain Disability Index, Pain Self-Efficacy 

Questionnaire) and musicians (e.g., Nordic musculoskeletal Questionnaire, 

Performing Arts Section of the Quick Dash) (Stanhope et al., 2019a). However, in 

some circumstances, generic questionnaires are not able to assess musicians’ 

functioning, not reflecting the difficulties musicians encounter due to their painful 

conditions. For instance, it was realised that questionnaires such as the Pain Disability 

Index, which were designed for populations with chronic pain (Chibnall and Tait, 1994; 

Pollard, 1984; Tait et al., 1990), provided little significant and inconclusive results for 
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a musicians’ population. Further research should focus on exploring psychometric 

properties of questionnaires often employed among musicians, as well as on following 

recommendations and guidelines for usage of outcome measurements to assess 

MSK complaints among musicians (Stanhope et al., 2019a). By doing so, valid and 

comparable data will be available to offer more reliable and legitimate interpretations.  

 

Additionally, an important aspect that was considered when designing the study was 

the assessment of the MSK complaints and more specifically the identification of 

PRMDs experienced by music students. Important reflections were made about the 

criteria to distinguish between a minor ‘aches and pains’ and a ‘serious’ complaint 

interfering with musicians’ ability to play their instrument. In order to provide a realistic 

and accurate picture regarding ‘serious’ complaints among musicians, it was 

important to effectively disentangle PRMDs from MSK complaints in attempts to 

focusing on the impact of how existing musculoskeletal conditions and symptoms 

might influence musicians’ ability to play. In regard to the latter point, PRMDs as 

defined by Zaza et al. (1998) were preferred, thereby strictly following the exact 

operational definition (Zaza et al., 1998), as opposed to what has been mainly done 

in the literature (see Chapter 2).  

 

Nonetheless, while web-based survey research has the benefit of being able to reach 

the widest range of potential respondents in a cost-effective and safe manner, it is 

also associated with several limitations. Firstly, as outlined in Chapter 4, the invitation 

for participants to complete the questionnaire was sent by the school registries, 

without the possibility of reinforcing the invitation by sending a reminder in another 

form (e.g., via a telephone interview). Reminder e-mails were sent to the school 

registries, along with flyers to be distributed at the conservatories, in order to persuade 

students participating in the research to complete the questionnaires at baseline and 

at the follow-ups. Despite extensive attempts to keep students actively engaged in 

the study, some students dropped out during the first and second follow-ups. In 

addition, missing data might seriously compromise the interpretation and the meaning 

of results. However, although the longitudinal analysis would have been stronger with 

the same number of participants included in the baseline cross-sectional study (i.e., 

n=850), wherever possible, the statistical analysis adopted had attempted to 

compensate for the participants lost to follow-up, assuming amongst other things, that 

participants responses remained similarly heterogeneous amongst baseline, 6- and 

12-month assessments.  Indeed, the sample size was quite large, and this could be 
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considered as adding robustness to the study’s findings and enhancing the facilitating 

knowledge about the development of PRMDs.  

 

Moreover, due to the lack of a direct contact with students, relevant information from 

non-respondents or drop-out students had not been accessible, which could have 

been used to assess for the intrusion of biases within the study’s results. For instance, 

the authors cannot exclude a potential sampling bias as the information concerning 

the number of students enrolled in each school participating in the study is not 

available because it consists of confidential data, without a formal permission to 

publish. In addition, another limitation consists of the impossibility to control every 

information pertaining to the participants, as well as the institutional level of 

behaviours or attitudes toward prevention. For instance, engaging in health-

prevention programmes could represent a potential confounder that might have 

affected the results. Nevertheless, despite the limitations and the exploratory nature 

of the data, a large and varied sample of music students from different parts of Europe 

has been examined, constituting one of the largest studies in the performing arts 

medicine. In addition, a relatively sophisticated statistical modelling with an 

explorative perspective to identify factors that may be associated with PRMD onset 

has been used, thereby providing an original contribution for the interpretation of 

PRMDs and their associated burden among music students. This type of novel 

interpretation might reasonably form the basis for even more sophisticated and 

comprehensive long term-research. For instance, the results of the present study 

could be used to plan interventions for PRMDs’ prevention based on a risk factor 

model, with the associated factors being scientifically demonstrated using a 

longitudinal design. 

 

 

8.4 Practical recommendations and future perspectives 

Considering all the aspects included in the present thesis pertaining to PRMDs’ 

assessment, prevention and treatment, this section will consist of a comprehensive 

array of on the research’ process to improve future health promotion strategies and 

research studies aimed at preventing PRMDs among musicians. Despite health-

related courses on prevention and awareness of playing-related health problems 

proliferated during the last years (Kreutz et al., 2009; Matei et al., 2018; Spahn et al., 

2017), they did not coincide with a proportionate decrease in the amount of MSK 

symptoms or PRMDs. Therefore, new strategies should be considered, evaluated and 
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implemented as appropriate, in order to prevent these complaints, as well as 

improving individual behaviours toward health. One of the main components, which 

make prevention more effective, is behavioural change toward health. Especially in 

primary prevention, PRMD-related knowledge and awareness are key prerogatives 

for changing attitudes, priorities and self-efficacy, as well as for achieving motivation 

to change (de Vries et al., 2003). Nonetheless, whereas it is important to consider 

individual health-promoting behaviours (Kreutz et al., 2008, 2009), there is still the 

need to continue evaluating health behaviours and awareness among students and 

teachers inside music institutions (Perkins et al., 2017), as well as external (i.e., 

environmental) factors that might be perceived as hampering or facilitating health and 

prevention. Recently, Perkins and colleagues conducted a study related to the 

perceived enablers and barriers to optimal health among twenty music students from 

six United Kingdom conservatoires (Perkins et al., 2017). Interestingly, this study 

reported that, although students were aware of the importance of health and followed 

lectures, seminars and workshops offered by their institution, they still perceived some 

impediment to their health and wellbeing, as well as to their ability to have access to 

health support resources. In relation to the latter, students suggested embedding 

health and wellbeing as an integral part of their education to facilitate the connection 

between students and institutions in order to find information and support (Perkins et 

al., 2017). It is plausible to think that environmental factors might be to some extent 

changed to accommodate research findings regarding the prevention of MSK 

complaints.  

 

Research studies pertaining to prevention strategies should be supported and 

promoted within the institution because the support from the institution is a 

prerequisite for success (McSweeney et al., 2017). Preventive strategies should be 

reasonably implemented amongst music institutions by a close collaboration amongst 

the different stakeholders in the field of performing arts. According to Williamon and 

Thompson (2006), music schools might be able to change the values, beliefs and 

behaviours of their students by increasing the focus on healthy behaviour, thereby 

inducing a real cultural modification. For instance, music students without symptoms 

could benefit from strategies and approaches aimed at raising awareness as they 

normally only approach these themes when they have a problem. Compulsory 

preventive programmes are highly recommended and should be implemented as part 

as students’ educational curriculum. In order to optimise the effect of the course, a 

close collaboration between music institutions, teachers and healthcare professionals 
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is fundamental. In this way, motivation for individual behavioural adaptations would 

be facilitated, accessibility and contacts between students and institutions are 

optimised. For new preventive programmes, the evaluation of efficacy should be 

tested in advance since not all preventive programmes turned out to be effective 

(Baadjou et al., 2015, 2018b). A closer collaboration with healthcare professionals 

with experience in disorders of the musculoskeletal system and instrument-specific 

kinematics can result in the development of more effective prevention programmes, 

potentially considering the individual characteristics of music students.  

In relation to this latter aspect, a previous study conducted amongst different 

conservatories in Germany already sought to address health education according to 

the students’ needs (Spahn et al., 2017). Specifically, the researchers classified music 

students according to their health and preventive health behaviours. For instance, 

students without playing-related health problems and not taking any preventive action 

should be motivated to change their attitude toward prevention and follow preventive 

strategies to protect themselves from developing symptoms (i.e., primary prevention). 

On the other hand, students experiencing rather low-level playing-related symptoms 

but following preventive behaviours should be encouraged to maintain their healthy 

behaviours. Finally, students self-reporting playing-related symptoms frequently 

should be treated and encouraged to modify their attitudes toward health and 

reconsider their practice behaviours (i.e., secondary prevention). Therefore, future 

prevention programmes should take into consideration the health status of 

participants and differentiate amongst primary and secondary prevention approaches, 

placing much more emphasis on the conditional aspects that lead to changes of 

behaviours toward health.  

 

Ideally, individual assessments should be conducted to indicate the best approach for 

each student (i.e., primary, secondary or tertiary prevention). Primary prevention 

should be a responsibility of music institutions, which should educate students about 

the importance of health and wellbeing, as well as about management and prevention 

of injuries. Additionally, as students often rely on teachers’ suggestions and guidelines 

(even on health aspects and prevention) (Guptill, 2011; Williamon and Thomson, 

2006), teachers should be involved more closely on health promotion strategies, 

along with the support of the institution. Teachers should motivate their students to 

pursue a healthy and active lifestyle and should include aspects of healthy music 

making in their individual classes, helping students to organise their practice sessions 

with breaks and preparatory exercises. However, in the absence of expertise or 
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specific training on health aspects, a lack of effective emergency treatment 

procedures might be detrimental (Farruque and Watson, 2014). It is therefore 

important that awareness and preventive programmes are not confined to future 

teachers, but also strive to reach contemporary teachers and thus improve the 

awareness of physical issues without delay.  

 

Nonetheless, while primary prevention could be easily addressed within music 

institutions, secondary and tertiary prevention should be provided by specialised 

health professionals, possibly in close contact with the music school. Ideally, schools 

should provide a contact person at the conservatoire who is available for students to 

obtain initial advice on their complaints and are subsequently referred to the best 

health care professional. Proactive behaviours, early detection and management of 

disorders is a prerequisite for effective secondary prevention (Ackermann, 2017).  

 

In relation to third prevention, treatment should be addressed by specialised health 

centres with a multidisciplinary approach, involving physical and postural therapy, 

occupational therapy, sports science, neurology and psychology. A key element of 

effective treatment for musicians is the understanding of the music environment, as 

well as the inevitability and necessity for a musician to be able to play the instrument. 

According to Zaza (1995), usually musicians continue to play despite experiencing 

pain and/or other PRMD symptoms. They seem to be more concerned about not 

being able to play to the degree that they used to, than about feeling pain itself. 

Indeed, musicians are frequently instructed to stop or limit their playing activity (Zaza 

et al., 1998). However, the lack of understanding on the part of health professionals 

might have led to a lack of validation or acceptance of the problem on the part of the 

musician. This might lead to musicians’ frustration, potentially affecting the 

effectiveness of treatment and the future likelihood of seeking help (Zaza et al., 1998). 

In relation to this, the relatively young field of performing arts medicine could learn 

from sports science, where specialised and expert sports physicians normally offer 

tailored healthcare according to the specific demands of the sport of the athlete. 

However, contrary to what happens in sport, musicians are frequently treated by 

general practitioners, without specific knowledge of the demands of this profession 

and without expertise of instrument-specific kinematics. Once again, a 

multidisciplinary team would be preferable in order to address whole aspects 

pertaining to optimum rehabilitation of musicians. In relation to this, the effectiveness 

of specific and dedicated healthcare focusing on PRMDs’ treatment should be 
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carefully evaluated and the quality care of musicians should be improved, along with 

the scientific corroboration. For instance, more knowledge should be shared, not only 

amongst music communities but rather among physiotherapists, orthopaedic 

specialists and other medical practitioners involved in the treatment of musicians. In 

addition, in order to offer reliable and consistent results, longitudinal studies using 

appropriate and validated outcome measures, monitoring students over their entire 

training should be conducted. Only then, will more information on risk factors for MSK 

complaints become available and will permit adaptation of primary and secondary 

prevention to minimise and reduce the impact of MSK complaints among musicians.  

 

 

8.5 Conclusions 

This thesis provides a comprehensive investigation of the prevalence and incidence 

of PRMDs, as well as of the factors contributing to the onset of PRMDs among music 

students from multiple centres across Europe and importantly, at different stages of 

their education (from Pre-college to Masters levels). At the time of writing and to the 

best of my knowledge, no other longitudinal studies involving different music centres 

on selected and associated factors for PRMD onset have been available so far. 

Therefore, the thesis sought to address this methodological gap using a longitudinal 

research design, which could be replicated with other cohorts of students or 

professionals.  

 

The following conclusions were drawn from the baseline cross-sectional and follow-

up longitudinal findings within the thesis: the cross-sectional baseline study identified 

that coming from West Europe, being a first- or a second-year Masters student, having 

more years of experience and higher rates of perceived exertion after 45 minutes of 

practice without breaks were factors that were significantly associated with the self-

reported presence of PRMDs. However, by contrast, the longitudinal study found that 

the factors significantly associated with developing a PRMD were changes in physical 

activity (both increase and decrease), increased levels of fatigue and an increased 

level of socially-prescribed perfectionism. Further factors associated with limiting the 

onset of PRMDs in musicians from the longitudinal analyses included the presence of 

MSK complaints at baseline, changes to BMI and to levels of psychological distress.  

 

The thesis’ findings suggest an important need for reconsidering contemporary 

evidence-based preventive strategies and tailor-made interventions for minimising the 
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impact of PRMDs among musicians and for raising awareness about these issues 

within the musical and scientific community. 
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Appendices 

Appendix Ia – Search terms for the systematic review 

 

Using the search terms reported below, the databases (MEDLINE and EMBASE, CINAHL and 

Physiotherapy Evidence Database - PEDro) were searched in February 2021. The search was 

limited to English language and the publication dates 1998–2020.  

 

Search terms:  

(((((((((((((((((((((musculoskeletal disorder) OR (musculoskeletal disorders)) OR 

(musculoskeletal complaint)) OR (musculoskeletal complaints)) OR (musculoskeletal 

problem)) OR (musculoskeletal problems)) OR (musculoskeletal disease)) OR 

(musculoskeletal diseases)) OR (musculoskeletal system)) OR (pain)) OR (discomfort)) OR 

(musculoskeletal injury)) OR (musculoskeletal injuries)) OR (musculoskeletal symptoms)) 

AND (musician)) OR (musicians)) OR (music student)) OR (orchestra musician)) OR 

(performing artist)) OR (instrument player)) OR (instrument players))  

 

 

In addition, titles of articles published in Medical Problems of Performing Artists (MPPA) and 

Psychology of Music SAGE Journal between 1998 and 2020 were screened. Any titles that 

reported performing artists or musicians, and health, medical or musculoskeletal disorders or 

complaints were added to the search list. Furthermore, duplicates were removed, before the 

titles and abstracts were screened. At this stage any studies that were not published in English 

language, in full text, within peer reviewed journals from 1998 to 2020 were excluded, as were 

studies not investigating musculoskeletal disorders (e.g., performance anxiety, focal dystonia, 

thoracic outlet syndrome). Full texts were then screened using the same criteria, however at 

this stage they had to clearly report musicians’ musculoskeletal disorders. In addition, full text 

screening excluded studies that only reported symptoms during clinical examinations or only 

diagnosed by physiotherapists. Furthermore, qualitative studies, correspondence, case 

reports, editorials and narrative reviews were also excluded but retained for citation and 

reference list screening. In addition, the citation lists (Google Scholar and Web of Science) 

and reference lists of included studies and previous reviews were screened for potential 

inclusion. The process continued until no additional studies were identified. 
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Appendix Ib - List of excluded studies from the systematic review along 

with reasons for exclusion 

 

Full-text articles excluded, with reasons (n=139) 

 

Qualitative study (n= 1) 

The inclusion of a non-adult population (<18 years old) (n=2) 

Not examining PRMDs according to Zaza et al. (1998) definition (n=119) 

Insufficient information about the subjects’ level (n=7) 

The inclusion of a mixed population where only a part of participants met the inclusion criteria 

(n=10) 

 

Study Reason for exclusion 

Abréu-Ramos and Micheo, 2007 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Ackermann and Adams, 2003 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Ackermann et al., 2014 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Ahlberg et al., 2019 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Ajidahun and Philips, 2013 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Ajidahun et al., 2017 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Allsop and Ackland, 2010 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Amorim and Jorge, 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Araújo et al., 2017 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Araújo et al., 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Arnason et al., 2014 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Azar, 2020 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Baadjou et al., 2015 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Ballenberger et al., 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Barton et al., 2008 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Blackie et al., 1999 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Bowie et al., 2000 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Brandfonbrener, 2009 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Britsch, 2005 The inclusion of a non-adult population (<18 years old) 

Bruno et al., 2008 The inclusion of a non-adult population (<18 years old) 

Brusky, 2009 Insufficient information about the subjects’ level 

Brusky, 2010 Insufficient information about the subjects’ level 

Cappellaro and Beber, 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Cervero et al., 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 
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Chan et al., 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Chimenti et al., 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Ciurana Moñino et al., 2017 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Clemente et al., 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Črnivec, 2004 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Cruder et al 2018  Not examining PRMDs according to Zaza et al.’s definition (1998) 

Cygańska et al., 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Daenen et al., 2010 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Damian and Zalpour, 2011 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Davies and Mangion, 2002 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Davies, 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 

de Queiroz et al. 2014 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Engquist et al., 2004 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Fjellman-Wiklund et al., 2003 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Fotiadis et al., 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Furuya et al., 2006 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Gallego Cerveró et al., 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Gasenzer et al. 2017 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Gembris et al., 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Ginsborg et al., 2009 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Glória et al. 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Gómez-Rodríguez et al., 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Guptil and Zaza, 2000 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Hagberg et al., 2005 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Halleland et al., 2009 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Heikkilä et al., 2012 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Heming, 2004 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Hildebrandt et al., 2012 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Ioannou and Altenmüller, 2015 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Ioannou et al., 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Jang et al., 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kaneko et al., 2005 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kaufman-Cohen, 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kim et al., 2012 Insufficient information about the subjects’ level 

Kok et al., 2013a Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kok et al., 2013b Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kok et al., 2015 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kok et al., 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kok et al., 2019 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kopiez et al., 2011 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kreutz et al., 2008 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Kuppens et al., 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 
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Lamontagne and Belanger, 

2012 

Not examining PRMDs according to Zaza et al.’s definition (1998) 

Leaver et al., 2011 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Lee et al., 2012 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Lima de Oliveira Teixeira, 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Lima et al., 2015 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Linari-Melfi et al., 2011 Insufficient information about the subjects’ level 

Logue et al., 2005 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Lonsdale and Boon, 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Lonsdale et al., 2014 Insufficient information about the subjects’ level 

Marques et al., 2003 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Martin Lopez and Martinez, 

2013 

Insufficient information about the subjects’ level 

Mehrparver et al., 2012 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Miller et al., 2002 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Miller et al., 2003 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Mishra et al., 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Moñino et al., 2017 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Moore et al., 2008 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Morse et al., 2000 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Navarte and Rosset-Llobet, 

2011 

Not examining PRMDs according to Zaza et al.’s definition (1998) 

Nawrocka et al., 2014 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Nygaard Andersen et al., 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Nygaard Andersen et al., 2017 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Nyman et al., 2007 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Paarup et al., 2011 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Paarup et al., 2012 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Pak and Chesky, 2001 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Pampel et al., 2014 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Papandreou and Vervainioti, 

2010 

Not examining PRMDs according to Zaza et al.’s definition (1998) 

Piatkowska et al., 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Raymond et al., 2012 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Rickert et al., 2012 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Robitaille et al., 2015 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Robitaille et al., 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Rodriguez-Lozano et al., 2008 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Rodriguez-Romero et al., 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Roos and Roy, 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Rosset-Llobet et al., 2000 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Rotter et al., 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 
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Sadeghi et al., 2004 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Sakai and Shimawaki, 2010 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Sakai, 2002 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Savino et al., 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Shields and Dockrell, 2000 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Sousa et al., 2015a Qualitative study 

Sousa et al., 2015b Not examining PRMDs according to Zaza et al.’s definition (1998) 

Sousa et al., 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Spahn et al., 2014 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Stanek et al., 2017 The inclusion of a mixed population where only a part of 

participants met the inclusion criteria 

Stanhope et al., 2014 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Steemers et al., 2020b Not examining PRMDs according to Zaza et al.’s definition (1998) 

Steinmetz and Jull, 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Steinmetz et al., 2006 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Steinmetz et al., 2009 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Steinmetz et al., 2010 Insufficient information about the subjects’ level 

Steinmetz et al., 2014 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Steinmetz et al., 2015 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Steinmetz et al., 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Vaiano et al., 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

van Selms et al., 2019 Not examining PRMDs according to Zaza et al.’s definition (1998) 

van Selms et al., 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Vastamaki et al., 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Viljamaa et al., 2017 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Wahlström Edling and Fjellman-

Wiklund, 2009 

Not examining PRMDs according to Zaza et al.’s definition (1998) 

Wallace et al., 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Woldendorp et al., 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Woldendorp et al., 2016 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Woldendorp et al., 2018 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Wristen and Fountain, 2013 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Yee et al., 2002 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Yoshimura and Chesky, 2009 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Yoshimura et al., 2008 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Zamorano et al., 2015 Not examining PRMDs according to Zaza et al.’s definition (1998) 

Zuhdi et al., 2020 Not examining PRMDs according to Zaza et al.’s definition (1998) 
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Appendix II - Research Ethics Committee Confirmation Letter 
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Appendix III - Recruitment email 

To whom it may concern: 

I am a researcher and a PhD student at the Queen Margaret University of Edinburgh and I am 
currently conducting a research project on risk factors for the development of musculoskeletal 
complaints in music students. 

 Therefore, I am recruiting all music students from academies, conservatoires and universities 
of music in Europe to complete a questionnaire (available in ENGLISH, GERMAN, FRENCH, 
ITALIAN AND SPANISH) that will ask questions about any musculoskeletal complaint they 
may have due to their musical practice. In addition, there will be questions about their 
background and lifestyle, practice habits, behaviour toward prevention and health history, as 
well as level of stress, perfectionism, fatigue and disability. The data resulting from the survey 
will be relevant for my PhD program, aiming to investigate the main factors associated with 
increased risk of playing-related musculoskeletal disorders among music students. 

For this reason, I am asking you if you are interested in participating and you will be so kind to 
forward to your students the recruitment email below. 

 The health promotion among musicians is important, your help is greatly appreciated! I am 
looking forward to your kind reply and, if you require any further information, feel free to contact 
me. 

Best regards, 

Cinzia Cruder 

 
_________________________________________________________________________ 

 

Dear students, 

I am a researcher and a PhD student  at the Queen Margaret University of Edinburgh and I 
am currently conducting a research project on risk factors for the development of 
musculoskeletal complaints in music students. 

Don't miss out on your opportunity to participate in a survey on musicians’ health! Your 
feedback is important to enhance research and highlight potential issues on injuries prevention 
for improvement. 

Before you decide if you want to take part, it is important for you to understand why the 
research is being done and what it will involve. Please take time to read the 
following information at the link: Participant information sheet. 

The survey can be completed online in approximately 10-15 minutes and includes two follow-
ups (in 6 and 12 months) if you choose to participate.  

 Click on the following link to start the survey: http://surveymonkey.com/r/RISMUS 

 If there is anything that is not clear or if you would like additional information on the project, 
please contact me at CCruder@qmu.ac.uk 

 Thank you for interest,  
______________________________ 
Cinzia Cruder 
PhD student 
School of Health Sciences 
Queen Margaret University 
Queen Margaret University Drive 
Edinburgh, Scotland-UK 
EH21 6UU 

http://surveymonkey.com/r/RISMUS
mailto:CCruder@qmu.ac.uk
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Appendix IV - Participant Information Sheet 
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Appendix V - Participant Consent Form  
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Appendix VI - The web-based questionnaire (baseline) 
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COHORT DIVISION 

 

DESCRIPTION 

• If participants answered ‘I currently have a musculoskeletal complaint (up to one 

month)’, they were directed to the second section (please see COHORT <1mo) 

focused on the description of their complaints and their disability, as well as on the 

description of complaints within 12 months and then directly to the third section 

regarding physical activity, psychological distress (i.e., ‘Your feelings), perfectionism 

(i.e., ‘Your personal characteristics and traits’) and fatigue (i.e., ‘Your tiredness’), until 

the end of the questionnaire. 

• If participants answered ‘2-3 months’, ‘4-6 months’ or ‘up to 12 months’, they were 

directed to the web-pages pertaining to participants without current MSK complaints, 

but a history of MSK complaints within the past 12 months (please see COHORT 

<12mo). Afterwards, they were directed to the description of complaints within 12 

months and then directly to the third section regarding physical activity, 

psychological distress (i.e., ‘Your feelings), perfectionism (i.e., ‘Your personal 

characteristics and traits’) and fatigue (i.e., ‘Your tiredness’), until the end of the 

questionnaire. 

• If participants answered ‘More than 12 months’, they were directed to a question 

regarding the number of years since they do not have had a musculoskeletal 

complaint (please see COHORT >12mo) and subsequently to the third section 

regarding physical activity, psychological distress (i.e., ‘Your feelings), perfectionism 

(i.e., ‘Your personal characteristics and traits’) and fatigue (i.e., ‘Your tiredness’), until 

the end of the questionnaire. 

• If participants answered: ‘I have never had any musculoskeletal complaint’, they were 

directed to the third section regarding physical activity, psychological distress (i.e., 

‘Your feelings), perfectionism (i.e., ‘Your personal characteristics and traits’) and 

fatigue (i.e., ‘Your tiredness’), until the end of the questionnaire. 

 

 

 

SECTION 2 
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COHORT <12mo  
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MSK complaints <12mo 
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COHORT >12mo 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

SECTION 3 
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DESCRIPTION: 

If participants clicked on one or more areas of the last question of the NMQ: 'During the last 7 

days, have you had trouble in..' or if they answered: 'Most of the time' or 'All of the time' to 

questions 4, 7, 9 and 10 of the K-10, they were directed to this page. 
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Appendix VII - The web-based questionnaire (follow-ups) 
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DESCRIPTION 

See instructions in Appendix VI.  
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FOLLOW-UP 1 

 

 

 

FOLLOW-UP 2 
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DESCRIPTION 

See instructions in Appendix VI. 
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Appendix VIIIa - Patterns of pain location in music students: a cluster 

analysis: a cluster analysis (Cruder et al., 2021a) 
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Appendix VIIIb - Correction to Patterns of pain location in music 

students: a cluster analysis (Cruder et al. 2021b) 
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