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Should musicians play in pain?

Abstract

Musculoskeletal symptoms, including pain, are often experienced by musicians at all levels.
These symptoms may have a detrimental impact on musicians’ personal and work lives, and
may also impact upon the ensembles they work within. Providing musicians with appropriate,
evidence-based advice regarding pain management is therefore paramount. In this review,
we aim to improve the advice given to musicians regarding playing when in pain, by answering
the question “should musicians play in pain?”. This multidisciplinary narrative review draws
upon contemporary pain science, including factors associated with poorer prognoses for
those in pain, as well as the reported experiences of musicians with pain (including those who
have taken time off from playing).

Our current understanding of pain science provides further support for the potential for
consequences related to avoiding activities due to pain. Pain is modulated by a number of
neuro-immunological processes, and is influenced by a range of psychosocial factors. Taking
time off from playing might therefore not have any benefit. Importantly, one of the leading
causes of a transition from acute to chronic pain is fear-avoidance behaviour (e.g. not playing
when in pain); hence encouraging such behaviour cannot be supported.

Musicians who have taken time off from playing due to pain have experienced a range of
consequences, including emotional and financial consequences. These experiences indicate
that there are potential negative consequences related to taking time off from playing which
need to be weighed against any benefits.

We conclude that musicians should not necessarily be advised to take time off from playing
to manage their pain, in keeping with current best practice for pain management. Instead, we
recommend that musicians be educated on contemporary pain science and when to seek
treatment from a health professional for individualised advice is recommended to reduce the
burden of musicians’ pain.
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Should musicians play in pain?

Background

Musculoskeletal symptoms (MSSs) are common among musicians at all levels'®, with a 12
month prevalence of 85-89% and point prevalence of 57-68% among professional musicians
and university music students.* University music students and professional musicians have a
higher prevalence of MSSs compared with reference groups,’'® while university music
students with MSSs have reported higher ratings of impairment (i.e. impact on daily life) and
emotional impact of MSSs compared with medical students'!, as well as higher ratings of
functional impairment specific to neck/upper limb MSSs.*?> Musculoskeletal disorders are the
most common and costly type of workers’ compensation claim made by musicians®3; hence
strategies to reduce the burden of musicians’ MSSs, including pain, are required. A wide
range of musicians’ MSSs have been investigated, and include pain, soreness, discomfort,
ache, tension, clicking, popping, crepitus, tightness, stiffness, reduced range of motion, loss
of motor control, cramp, muscle fatigue, loss of speed, loss of endurance, swelling, redness,
burning, numbness, and tingling.1* Our review focuses specifically on pain because pain is the
most commonly reported!> 1 and investigated* type of MSS among musicians. Musicians
with MSSs, including pain, have reported experiencing a range of consequences in both
musical and non-musical aspects of their lives.> 2! Providing musicians with appropriate
advice regarding pain management is therefore paramount.

It has been suggested that musicians should not play when in pain?* 23, with evidence to
suggest that some musicians adopt this recommendation.?* There appears, however, to be a
lack of evidence supporting this advice, and there are potential negative consequences from
doing so. In keeping with the ideals of beneficence and non-maleficence, integral to the work
of health professionals?>?2, the evidence regarding the potential negative consequences of
this advice should be explored.

We therefore ask the question “should musicians play in pain?” to provide evidence-based
recommendations to musicians, clinicians and public health practitioners to improve pain
outcomes for musicians, and ultimately reduce the burden of musicians’ pain.

Methods

A multidisciplinary, narrative review approach was adopted to answer our research question.
First, we review the literature for pain mechanisms as well as risk factors for the transition
from acute to chronic pain, and how this may relate to musicians. Secondly, we review the
negative consequences for musicians who have taken time off from playing due to pain, and
other MSSs (as the consequences of MSSs are likely the same as for pain). The latter is
important as their experiences provide insight into some of the consequences faced by
musicians who take time off from playing, and therefore should be considered when deciding
whether musicians should or should not play in pain. Studies specific to musicians’ MSSs were
primarily identified through a systematic mapping review of the recent peer-reviewed
literature,?® while the broader pain science literature was also reviewed, including key
comprehensive reviews.3%-33

Pain

In this section, we briefly describe what pain is, the types of pain and pain mechanisms, so as
to contextualise our argument. Readers who are interested in more comprehensive reviews



on the topic are referred to Hainline et al.3°, Bushnell et al.3!, Guo et al.3? and Fregoso et al.33
for further information.

Pain has been defined by the International Association for the Study of Pain as “an unpleasant
sensory and emotional experience associated with actual or potential tissue damage, or
described in terms of such damage”.3* There are three main types of pain: nociceptive,
neuropathic and nociplastic/ algopathic/ nocipathic pain°, as summarised in Table 1. These
pain types are not necessarily discrete, and may occur in combination.3° Musicians pain may
therefore be related to their musical activities through nociception (e.g. repetitive or ongoing
load) or neuropathic processes (e.g. inflammatory irritation or repetitive mechanical load
leading to peripheral nerve damage), non-musical exposures (nociceptive or neuropathic), or
be the result of nociplastic, algopathic or nocipathic processes. The experience of pain is
complex, and has inter- and intra-individual variability, that is driven by the context, social,
environmental, immunological and neurophysiological factors, psychological state, and
cognitive and emotional aspects of pain.33>37

Table 1: Brief description of the characteristics of each pain type

Pain type Characteristics
Nociceptive | e Involves the activation of nociceptors (the peripheral nerve terminals that detect noxious stimuli, i.e. mechanical,
pain thermal and chemical stimuli).3®

. Nociceptors can be triggered following an injury (e.g. sprained ankle) where the tissue damage is sudden, or via
ongoing repetitive load (e.g. tendinosis)

. Nociception (the encoding and processing of noxious stimuli®) does not necessarily lead to pain, because other
processes are involved.3°

. Nociceptive pain is a type of protective mechanism, and nociceptors have been described as the ‘first detection’
system for body tissue.3®

. The association between the amount of nociceptor activation and the experience of pain is not necessarily linear,3°
and pain does not necessarily mean the tissue is threatened.

. Inflammatory pain is a type of nociceptive pain, where the physiological changes involved in inflammation trigger
nociceptors.3®

Neuropathic | e Relates to a lesion in the somatosensory nervous system.3% 38 39

pain . Lesions may occur as the result of trauma (including surgery) or disease (e.g. diabetes mellitus, or stroke) in the
spinal cord, nerve roots or peripheral nerves.*®

. Damage to peripheral nerves may also occur through inflammatory irritation or repetitive mechanical load3’; hence
some musical activities may lead to neuropathic pain.

. Neuropathic pain does not require nociceptive activation.3

Nociplastic, . Sometimes called ‘dysfunctional pain’#

algopathic . Describes pain that relates to altered nociception, without evidence of a threat or damage to tissue, nor any lesion
& of the somatosensory nervous system.°

nocipathic . Nociplastic pain describes pain driven by altered nociceptive pathway function®

pain . Nocipathic pain, a pathological state of nociception®

. Algoplastic pathological pain, a pain that has not been generated by injury3°

. Fibromyalgia, visceral pain disorders, and Complex Regional Pain Syndrome Type 1 are examples of conditions that
appear to be driven by these pain types.®

. Mechanisms may include central sensitisation®?, a neurophysiological construct whereby the nociceptors in the
central nervous syndrome become hypersensitive.3®

Note: see Hainline et al.?° for a description of the clinical patterns

It is now well established that pain is a conscious event, not a sensory signal, and that 3*°the
relationship between tissue damage and the experience of pain is not linear.3° Pain can occur
without tissue damage, and tissue damage without pain.***> For instance, abnormal
anatomical findings on imaging scans occur in asymptomatic individuals**%, while
symptomatic individuals may have no detected abnormalities.*? There is also evidence of a
poor correlation between physical test findings and “soreness, pain or discomfort” in
musicians specifically.*® 3% 47 48Ag pain is not necessarily the result of tissue damage nor
threatened tissue, the value of musicians taking time off from their musical activities must be



guestioned. Pain is therefore a complex experience, and the drivers of pain modulation (in
both directions) need to be explored in order to develop effective management strategies.

30pain modulation may explain why there is not a simple relationship between tissue damage
(and potential damage) and the experience of pain. Modulation occurs through various
processes in the peripheral and central nervous systems3°, and relevant neurological changes
include both the anatomy and function of the nervous system3! (see Bushnell et al.3! for a
comprehensive review). Several of the brain regions involved in the processing of pain (or the
stimuli resulting in pain, e.g. the somatosensory®®, prefrontal®®, and anterior cingulate
cortices®®, the insula®®, amygdala>® >!, nucleus accumbens®® °!, periaqueductal grey>?,
thalamus?®, and the cerebellum?®) are also involved in a range of other processes (including
sensory processing>3°6, executive functioning (e.g. attention)>*>6 57 memory>*>% 58, emotion
(including fear)>°-%2, motivation>®>°, motor control*®>”:%, and descending pain modulation®3).
The multiple functions of these brain regions may explain the role that contextual cues®*, non-
nociceptive sensory input®, and affective and cognitive factors3! play in the modulation of
pain. Furthermore, associations between changes in some of these brain regions and
emotional and cognitive representation of pain have been identified in those with chronic
pain®, providing further support for the important role that psychosocial factors may play in
the pain experience, particularly the transition from acute to chronic pain.

There are several differences between the brains of musicians and non-musicians®®°, with
some of these differences including having a larger somatosensory cortex®® and cerebellum®,
as well as greater insula connectivity’® - changes associated with pain processing.*® Musicians
also have sensory processes which have been described as maladaptive, as musicians without
chronic pain have sensory processing similar to those of non-musicians experiencing chronic
pain.”! The neurological differences between musicians and non-musicians may contribute to
the higher prevalence of MSSs among musicians compared with reference groups.’-*°

Musicians may be more likely to experience pain of greater intensity than any tissue damage
indicates, compared with the general population, owing both to neurological differences, and
to musicians having a higher prevalence of sleep problems’? and psychological distress’? (both
pain moderators). If musicians’ pain is driven by psychosocial factors, such as distress, then
avoiding musical activities is arguably unlikely to lead to an improvement in pain outcomes.

Distraction also diminishes the intensity of pain, and has been used for both acute (e.g. during
medical procedures) and chronic pain.”*”> Indeed, playing a musical instrument may serve as
a pain-reducing distraction. Musicians, for instance, have reported that they did not
experience pain while playing, but experienced pain soon after stopping.’® Playing a musical
instrument therefore may have analgesic effects.

Another process of particularly relevance to musicians that may alter an individual’s response
to mechanical loading is the up-regulation of nociception.3 This up-regulation may occur due
to low-level inflammation whereby the threshold of mechanical nociception is reduced;
hence mechanical demands which would previously not have triggered nociceptors now do,
which may lead to an increase in the level of pain experienced with a previously unpainful
experience.?° Low-level inflammation may be due to load exceeding the tissue’s capacity, but
also other factors such as ongoing stress and sleep deprivation.3® Another issue with ongoing,
repetitive load that exceeds the tissue’s capacity, is the establishment of a cycle of
inflammation-repair-remodelling-inflammation.3® This cycle can alter the mechanical



properties of tissues which may in turn alter nociceptive activation3°, and may therefore be
of particular relevance to musicians.

Fear-avoidance behaviour is of particular importance to whether musicians should play in
pain, given this behaviour relates directly to not playing when in pain. While nociceptive pain
is a protective mechanism, the lack of direct relationship between tissue damage and pain
indicates that it is not a valid indicator of damage or potential damage. Individuals may
however inaccurately believe that certain activities or actions may result in injury, and fear
the sensation of pain.”” These inaccurate beliefs may lead to the avoidance of the ‘dangerous’
activity, which may in turn contribute to deconditioning and disability.”” While the impact of
fear-avoidance on musicians’ pain has not been examined?®, fear-avoidance behaviour is a
driver of pain modulation, and is associated with the transition from acute to chronic pain in
other populations.”® Furthermore, fear-avoidance behaviour is associated with a poorer
prognosis’® and treatment outcomes in the general population, particularly when the fear-
avoidance behaviour is not addressed as part of the treatment.® Advice to musicians
regarding not playing while experiencing pain may re-inforce the individual’s inaccurate
beliefs, and lead to fear-avoidance behaviour, and ultimately poorer pain outcomes, including
chronic pain.

Consequences of having time off due to pain

Musicians typically do not want to take time off from playing, and fear being given such advice
by health professionals.® Musicians work in a competitive industry®?, characterised by
unstable employment® and constant criticism®, with a stigma regarding pain.?? There are
several consequences for musicians who disclose their pain experiences to others, particularly
when they take time off from playing.

22Musicians who have taken time off from playing have described feeling a loss of identity and
self-worth, as well as feelings of ‘letting down the team’, isolation, and depression.?? These
consequences are potentially more influential in musicians than other occupational groups
for several reasons. For example, musicians begin their training in their childhoods®> 8 and
being a musician becomes a strong part of their identities!® 22 8% 87 _ grguably more so than
most other occupational groups. Playing music is not only a career, but also a recreational
activity for musicians that provides a form of communication and socialisation.®
Furthermore, musicians have been described as ‘subjective careerists’®, for they are driven
by internal factors or a ‘calling’ to participate in their career.®® There are therefore clear
potential negative consequences involved in advising musicians to take time off from playing,
which must be weighed against the benefits, especially when provided as generic public
health advice.

Taking time off from playing may threaten musicians’ employability and financial security,
given the competitive nature of the industry®?, and the stigma related to pain.?? Further,
musicians typically have precarious employment. For example, in Australia 86% of
professional musicians work in a self-employed or freelance capacity®, so many are unlikely
to be able to access sick leave and/or workers’ compensation. These entitlements are not
available to those who are self-employed, and while they are available for freelance musicians
who are employed by another entity, the fear of damaging their reputations and future
employability may prevent musicians from accessing these entitlements. Even musicians
working for a reliable employer have reported such concerns.?° Without accessing sick leave
and/or workers’ compensation, musicians may struggle financially if not playing. They
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typically have low incomes, for instance in Australia musicians’ total weekly incomes are lower
than for other artists and the general population (including those who are not working).%°
Taking even a short break from work may therefore have significant financial consequences.
Recommending that musicians take time off from playing when in pain may therefore have
both financial and career consequences.??

For musicians employed in ensemble work, there may be additional negative consequences
from taking leave for pain and/or other MSSs, particularly given the point prevalence of MSSs
among professional musicians and university music students is as high as 57-68%.* With such
a high prevalence of MSS (including pain), it would be impractical for all musicians with pain
to take time off from playing, especially considering the complex musical relationships in
ensemble playing (e.g. orchestras, that do not have understudies or replacements trained up
to fill in for musicians on leave.?> % Although impractical for these ensembles, this problem
in itself is not sufficient to recommend that musicians keep playing when in pain, but should
be included with other considerations when determining whether musicians should play in
pain.

Discussion

The current evidence regarding pain mechanisms and predictors of chronicity, as well as
musicians’ experiences with having time off from playing due to pain, indicate that musicians,
in most cases, should continue to play in pain. Our findings are in conflict with some of the
present advice given to musicians.?? 23 This evidence-practice gap is not only present in the
care of musicians, but also the general population.®*

Both current pain science, and evidence regarding musicians’ pain, indicate that public health
advice directed towards musicians should not include suggestions that they do not play when
experiencing pain. This recommendation is in keeping with best practice for managing
musculoskeletal pain, where the maintenance of normal physical activity should be
encouraged.’? Musicians are more likely to experience pain of greater intensity than any
tissue damage indicates, compared with the general population, owing to neurological
differences, and musicians having a higher prevalence of sleep problems’? and psychological
distress’3 (both pain moderators). If this is the case, taking time off from playing would not
be anticipated to alter the musicians’ pain. Indeed, because a range of negative consequences
of having time off have been reported, their pain may increase with time off, thereby further
exacerbating pain through the encouragement of fear-avoidance behaviour. Public health
advice suggesting that musicians should not play while in pain is therefore potentially
damaging.

We are not suggesting that musicians be expected to play while in pain, but rather that this
advice should be provided on an individual level. In a clinical setting, health professionals can
determine the extent (or presence) of any tissue damage and/or inflammation, the intensity
and degree of chronicity of a musicians’ pain, as well as any other contributing factors (e.g.
pain beliefs, distress, sleep problems). Based on an individual assessment, a health
professional may deem it appropriate to suggest that a musician stop playing for a period of
time, or reduce the amount that they are playing. This decision should involve the musician,
and clinicians should be aware of the potential consequences of this advice. In addition to the
concerns raised in this review, clinicians should be aware that some musicians may try to
‘make up’ lost practice time after being granted permission to commence playing again. A
plan to pace back into playing should therefore also be discussed.
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As previously mentioned, there is a range of non-biomechanical factors that may be
contributing to a musicians’ pain, including pain beliefs, stress, distress, and sleep problems.
If present, these factors should be addressed by a health professional, potentially within a
multi-disciplinary team; an approach that should not be unique to musicians. Musicians do
have unique concerns however, and addressing other contributing factors provide a more
effective approach than focusing on these unique concerns.

Rather than suggesting that musicians stop playing when in pain, we recommend that
musicians be educated about what pain is and how best to manage it (including when to see
a health professional) as a public health strategy. To date no study of musicians has
investigated the effect of this kind of education on musicians’ pain <reference removed for
blinding>. Pain education has however been investigated in workplace settings and
reportedly improved work ability®3, reduced sick leave®°°> and number of visits to healthcare
professionals®® resulted in lower ratings of the ‘bothersomeness’ of pain®® and reduced
feelings of sadness/depression.®® The evidence regarding pain education for those with
chronic pain is mixed regarding pain and disability with pooled estimates indicating no
clinically significant benefit, however significant reductions were reported in
catastrophisation and kinesiophobia.’® These findings may indicate that pain education may
be more useful as a public health strategy, particularly before the individual experiences
chronic pain.®® Pain education is in line with current best practice for musculoskeletal pain
management®?, and public health recommendations.”” We therefore suggest that public
health pain education interventions for musicians be developed, evaluated, and effectively
implemented, to reduce the burden of musicians’ pain.

As highlighted here, musicians experience a range of negative consequences when they have
pain, particularly if they take time off. Many of these consequences appear to be driven by
stigma and a fear of ‘retribution’. Some musicians will have to take time off, and others may
fear that they will have to do so in the future. By changing the culture of silence around
musicians’ pain, and by providing a supportive environment whereby musicians with pain are
not simply seen as being unreliable and having poor technique, some of the factors that may
increase a musicians’ risk of transitioning from acute to chronic pain may be reduced. Such
factors are likely to include emotional distress®®, and fear-avoidance behaviour’®, and
ameliorating these adverse influences would also likely improve quality of life generally.

The findings of our review may be generalisable to other groups. As outlined above,
encouraging people to maintain normal physical activity is in line with current best practice
for musculoskeletal pain management.®? The additional consequences musicians experience
when taking time off from playing may also be experienced by other groups. For instance,
occupational groups characterised by precarious employment, particularly in competitive
industries, are likely to experience similar issues to musicians should they take time off due
to their pain. Furthermore, musicians share many similarities with sports people (including
dancers), particularly regarding the close ties between their identity and career.®®
Nevertheless there are several differences which may influence musicians’ experience and
management of pain.®® For instance, even though dancers have reported similar negative
emotional consequences to musicians regarding having time off due to pain and/or injury®®
100 3 key difference is that dancers, like sportspeople®, normalise pain; they expect and work
through pain.®® 1% Dancers are also arguably more likely to experience injuries with tissue
damage than musicians, given the physical loads encountered, which may limit the



applicability of our recommendations to other occupational groups, even when there are
similarities in career and emotional consequences.

Conclusion

While some musicians may require time off from their playing due to pain, this should not be
provided as generic public health advice. Contemporary multidisciplinary evidence indicates
that such advice is not appropriate. Not only may taking time off from playing be unnecessary,
it may encourage fear-avoidance behaviour, and result in a range of negative consequences
for musicians. By not playing, the pain experience may be exacerbated and the risk of
transitioning from acute to chronic pain increased. Educating musicians regarding
contemporary pain science and when to seek treatment from a health professional for
individualised advice is recommended to reduce the burden of musicians’ pain.

Acknowledgements
<removed for blinding>

References

1. Kochem FB and Silva JG. Prevalence of playing-related musculoskeletal disorders in
string players: a systematic review. J Manipulative Physiol Ther 2018; 41: 540-549. DOI:
10.1016/j.jmpt.2018.05.001.

2. Stanhope J and Milanese S. The prevalence and incidence of musculoskeletal
symptoms experienced by flautists. Occup Med (Lond) 2016; 66: 156-163. DOI:
10.1093/occmed/kqv162.

3. Silva AG, L3 FMB and Afreixo V. Pain prevalence in instrumental musicians: a
systematic review. Med Probl Perform Art 2015; 30: 8-19. DOI: 10.21091/mppa.2015.1002.
4, Kok LM, Huisstede BM, Voorn VM, et al. The occurrence of musculoskeletal complaints

among professional musicians: a systematic review. Int Arch Occup Environ Health 2016; 89:
373-396. DOI: 10.1007/s00420-015-1090-6.

5. Steinmetz A, Scheffer |, Esmer E, et al. Frequency, severity and predictors of playing-
related musculoskeletal pain in professional orchestral musicians in Germany. Clin Rheumatol
2015; 34: 965-973. DOI: 10.1007/s10067-013-2470-5.

6. Amaral Corréa L, Teixeira Dos Santos L, Nogueira Paranhos J, E N, et al. Prevalence and
risk factors for musculoskeletal pain in keyboard musicians: a systematic review. PM R 2018;
10: 942-950. DOI: 10.1016/j.pmrj.2018.04.001.

7. Joseph C, Walters AUC, Lawrence WL, et al. An ergonomic evaluation of pannists. Int
J Occup Saf Ergon 2018 2018 Sep 17. DOI: 10.1080/10803548.2018.
8. Kok LM, Vlieland TP, Fiocco M, et al. A comparative study on the prevalence of

musculoskeletal complaints among musicians and non-musicians. BMC Musculoskelet Disord
2013; 14:9. DOI: 10.1186/1471-2474-14-9.

9. Paarup HM, Baelum J, Holm JW, et al. Prevalence and consequences of
musculoskeletal symptoms in symphony orchestra musicians vary by gender: a cross-
sectional study. BMC Musculoskelet Disord 2011; 12: 223. DOI: 10.1186/1471-2474-12-223.
10. Ginsborg J, Kreutz G, Thomas M, et al. Healthy behaviours in music and non-music
performance students. Health Educ 2009; 109: 242-258. DOI: 10.1108/09654280910955575.



11. Kok LM, Vilet Vlieland TP, Fiocco M, et al. Musicians' illness perceptions of
musculoskeletal complaints. Clin Rheumatol 2013; 32: 487-492. DOI: 10.1007/s10067-013-
2199-1.

12. Kok LM, Nelissen RG and Huisstede BM. Prevalence and consequences of arm, neck,
and/or shoulder complaints among music academy students: a comparative study. Med Probl
Perform Art 2015; 30: 163-168. DOI: 10.21091/mppa.2015.3031.

13. Stanhope J, Weinstein P and Pisaniello D. What can musicians' claims data reveal
about their musculoskeletal conditions? Arch Environ Occup Health 2019: Epub ahead of
print. DOI: 10.1080/19338244.2019.1605968.

14. Stanhope J, Weinstein P, Tooher R, et al. How do we assess musicians' musculoskeletal
symptoms?: a review of outcomes and tools used. Ind Health 2019; 57: 454-494. DOI:
10.2486/indhealth.2018-0065.

15. Porter M, Wilson IM, Doherty L, et al. Extent of playing-related musculoskeletal
problems in the Irish traditional music community: a survey. Med Probl Perform Art 2018; 33:
47-55. DOI: 10.21091/mppa.2018.1008.

16. Topoglu O, Karagille D, Keskin TU, et al. General health status, music performance
anxiety, and coping methods of musicians working in Turkish state symphony orchestras: a
cross-sectional study. Med Probl Perform Art 2018; 33: 118-123. DOI:
10.21091/mppa.2018.2019.

17. Stanhope J, Milanese S and Grimmer K. University woodwind students' experiences
with playing-related injuries and their management: a pilot study. J Pain Res 2014; 7: 133-
148. DOI: 10.2147/JPR.S49620.

18. Bragge P, Bialocerkowski A and McMeeken J. Understanding playing-related
musculoskeletal disorders in elite pianists: a grounded theory study. Med Probl Perform Art
2006; 21: 71-79.

19. Guptill C. The lived experience of professional musicians with playing-related injuries:
a phenomenological inquiry. Med Probl Perform Art 2011; 26: 84-95.
20. Chimenti RL, Van Dillen LR, Prather H, et al. Underutilization of worker's compensation

insurance among professional orchestral musicians. Med Probl Perform Art 2013; 28: 54-60.
21. Abréu-Ramos AM and Micheo WF. Lifetime prevalence of upper-body musculoskeletal
problems in a professional-level symphony orchestra: age, gender, and instrument-specific
results. Med Probl Perform Art 2007; 22: 97-104.

22. Rickert DLL, Barrett MS and Ackermann BJ. Injury and the orchestral environment: Part
IIl. The role of psychosocial factors in the experience of musicians undertaking rehabilitation.
Med Probl Perform Art 2014; 29: 125-135. DOI: 10.21091/mppa.2014.3028.

23. Ackermann B, Kenny DT, Driscoll T, et al. Sound Practice Health Handbook for
Orchestral Musicians. 2015. Sydney: The University of Sydney.

24, Stanhope J. University woodwind students' playing-related injuries: a pilot study
investigating beliefs, attitudes and prevention strategies. Australian Journal of Music
Education 2018; 52: 29-42.

25. Exercise & Sports Science Australia. Code of professional conduct and ethical practice.
2017. Australia: Exercise & Sports Science Australia.

26. Australian Physiotherapy Association. The Australian Physiotherapy Association Code
of Conduct. 2017. Australia: Australian Physiotherapy Association.

27. Physiotherapy Board of New Zealand. Physiotherapy Standards framework. 2018.
New Zealand: Physiotherapy Board of New Zealand.



28. Delany C, Fryer C and van Kessel G. An ethical approach to health promotion in
physiotherapy practice. Health Promot J Aust 2015; 26: 255-262. DOI: 10.1071/HE15052.

29. Stanhope J, Tooher R, Pisaniello D, et al. Have musicians' musculoskeletal symptoms
been thoroughly addressed? A systematic mapping review. Int J Occup Med Environ Health
2019; 32: 291-331. DOI: 10.13075/ijomeh.1896.01340.

30. Hainline B, Turner JA, Caneiro JP, et al. Pain in elite athletes - neurophysiological,
biomechanical and psychosocial considerations: a narrative review. Br J Sports Med 2017; 51
1259-1264. DOI: 10.1136/bjsports-2017-097890.

31. Bushnell MC, Ceko M and Low LA. Cognitive and emotional control of pain and its
disruption in chronic pain. Nat Rev Neurosci 2013; 14: 502-511. DOI: 10.1038/nrn3516.

32. Guo R, Chen LH, Xing C, et al. Pain regulation by gut microbiota: molecular mechanisms
and therapeutic potential. Br J Anaesth 2019; 123: 637-654. DOI: 10.1016/j.bja.2019.07.026.
33. Fregoso G, Wang A, Tseng K, et al. Transition from acute to chronic pain: evaluating
risk for chronic postsurgical pain. Pain Physician 2019; 22: 479-488.

34, International Association for the Study of Pain (IASP). IASP Taxonomy,
https://www.iasp-
pain.org/Education/Content.aspx?ltemNumber=2051&navitemNumber=576 (2017,
accessed 2019 May 22).

35. Gatchel RJ, Peng YB, Peters ML, et al. The biopsychosocial approach to chronic pain:
scientific advances and future directions. Psychol Bull 2007, 133: 581-624. DOI:
10.1037/0033-2909.133.4.581.

36. Turk DC and Okifuji A. Psychological factors in chronic pain: evolution and revolution.
J Consult Clin Psychol 2002; 70: 678-690. DOI: 10.1037//0022-006x.70.3.678.

37. Villemure C and Bushnell MC. Cognitive modulation of pain: how do attention and
emotion influence pain processing? Pain 2002; 95: 195-199. DOI: 10.1016/s0304-
3959(02)00007-6.

38. Loeser JD and Treede RD. The Kyoto protocol of IASP basic pain terminology. Pain
2008; 137: 473-477. DOI: 10.1016/j.pain.2008.04.025.

39. Kosek E, Cohen M, Baron R, et al. Do we need a third mechanistic descriptor for chronic
pain states? Pain 2016; 157: 1382-1386. DOI: 10.1097/j.pain.0000000000000507.

40. Vardeh D, Mannion RJ and Woolf CJ. Toward a mechanism-based approach to pain
diagnosis. J Pain 2016; 17: T50-T69. DOI: 10.1016/j.jpain.2016.03.001.

41, Nagakura Y. Challenges in drug discovery for overcoming 'dysfunctional pain': an
emerging category of chronic pain. Expert Opin Drug Discov 2015; 10: 1043-1045. DOI:
10.1517/17460441.2015.1066776.

42. Jarvik JG, Hollingworth W, Heagerty PJ, et al. Three-year incidence of low back pain in
an initially asymptomatic cohort: clinical and imaging risk factors. Spine (Phila Pa 1976) 2005;
30: 1541-1548. DOI: 10.1097/01.brs.0000167536.60002.87.

43, Comin J, Cook JL, Malliaras P, et al. The prevalence and clinical significance of
sonographic tendon abnormalities in asymptomatic ballet dancers: a 24-month longitudinal
study. BrJ Sports Med 2013; 47: 89-92. DOI: 10.1136/bjsports-2012-091303.

44, Guermazi A, Niu J, Hayashi D, et al. Prevalence of abnormalities in knees detected by
MRI in adults without knee osteoarthritis: population based observational study (Framingham
Osteoarthritis Study). BMJ 2012; 345: €5339. DOI: 10.1136/bmj.e5339.

45, Brinjikji W, Luetmer PH, Comstock B, et al. Systematic literature review of imaging
features of spinal degeneration in asymptomatic populations. AJINR Am J Neuroradiol 2015;
36: 811-816. DOI: 10.3174/ajnr.A4173.

10


https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=2051&navItemNumber=576
https://www.iasp-pain.org/Education/Content.aspx?ItemNumber=2051&navItemNumber=576

46. Paarup HM, Baelum J, Manniche C, et al. Occurrence and co-existence of localized
musculoskeletal symptoms and findings in work-attending orchestra musicians - an
exploratory cross-sectional study. BMC Res Notes 2012; 5: 541. DOI: 10.1186/1756-0500-5-
541.

47. Cheng Y, Chen C, Lin CP, et al. Love hurts: an fMRI study. Neuroimage 2010; 51: 923-
929. DOI: 10.1016/j.neuroimage.2010.02.047.

48, Lamm C, Decety J and Singer T. Meta-analytic evidence for common and distinct neural
networks associated with directly experienced pain and empathy for pain. Neuroimage 2011;
54:2492-2502. DOI: 10.1016/j.neuroimage.2010.10.014.

49, Apkarian AV, Bushnell MC, Treede RD, et al. Human brain mechanisms of pain
perception and regulation in health and disease. Eur J Pain 2012; 9: 463-484. DOI:
10.1016/j.ejpain.2004.11.001.

50. Baliki MN, Geha PY, Flelds HL, et al. Predicting value of pain and analgesia: nucleus
accumbens response to noxious stimuli changes in the presence of chronic pain. Neuron 2010;
66: 149-160. DOI: 10.1016/j.neuron.2010.03.002.

51. Becerra L, Breiter HC, Wise R, et al. Reward circuitry activation by noxious thermal
stimuli. Neuron 2001; 32: 927-246.
52. Dunckley P, Wise RG, Fairhurst M, et al. A comparison of visceral and somatic pain

processing in the human brainstem using functional magnetic resonance imaging. J Neurosci
2005; 25: 7333-7341. DOI: 10.1523/JINEUROSCI.1100-05.2005.

53. Borich MR, Brodie SM, Gray WA, et al. Understanding the role of the primary
somatosensory cortex: opportunities for rehabilitation. Neuropsychologia 2015; 79: 246-255.
DOI: 10.1016/j.neuropsychologia.2015.07.007.

54, Fama R and Sullivan EV. Thalamic structure and associated cognitive functions:
relations with age and aging. Neurosci Biobehav Rev 2015; 54: 29-37. DOL:
10.1016/j.neubiorev.2015.03.008.

55. Uddin LQ. Salience processing and insular cortical function and dysfunction. Nat Rev
Neurosci 2015; 16: 55-61. DOI: 10.1038/nrn3857.

56. Menon V and Uddin LQ. Saliency, switching, attention and control: a network model
of insula function. Brain Struct Funct 2010; 214: 655-667. DOI: 10.1007/s00429-010-0262-0.
57. Klein AP, Ulmer JL, Quinet SA, et al. Nonmotor functions of the cerebellum: an
introduction. AJINR Am J Neuroradiol 2016; 37: 1005-1009. DOI: 10.3174/ajnr.A4720.

58. Sullivan EV. Cognitive functions of the cerebellum. Neuropsychol Rev 2010; 20: 227-
228. DOI: 10.1007/s11065-010-9144-8.

59. Salgado S and Kaplitt MG. The nucleus accumbens: a comprehensive review.
Stereotact Funct Neurosurg 2015; 93: 75-93. DOI: 10.1159/000368279.

60. Stevens FL, Hurley RA and Taber KH. Anterior cingulate cortex: unique role in cognition
and emotion. J Neuropsychiatry Clin Neurosci 2011; 23: 121-125. DOI:
10.1176/appi.neuropsych.23.2.121.

61. Ressler KJ. Amygdala activity, fear, and anxiety: modulation by stress. Biol Psychiatry
2010; 67: 1117-1119. DOI: 10.1016/j.biopsych.2010.04.027.
62. Arnsten AFT. Stress signalling pathways that impair prefrontal cortex structure and

function. Nat Rev Neurosci 2009; 10: 410-422. DOI: 10.1038/nrn2648.

63. Loyd DR and Murphy AZ. The role of the periagqueductal gray in the modulation of pain
in males and females: are the anatomy and physiology really that different? Neural Plast 2009;
2009: 462879. DOI: 10.1155/2009/462879.

11



64. Moseley GL and Arntz A. The context of a noxious stimulus affects the pain it evokes.
Pain 2007; 133: 64-71. DOI: 10.1016/j.pain.2007.03.002.

65. Malfliet A, Coppieters |, Van Wilgen P, et al. Brain changes associated with cognitive
and emotional factors in chronic pain: a systematic review. Eur J Pain 2017; 21: 769-786. DOI:
10.1002/ejp.1003.

66. Dawson WJ. How and why musicians are different from nonmusicians: a bibliographic
review. Med Probl Perform Art 2011; 26: 65-78.

67. Barrett KC, Ashley R, Strait DL, et al. Art and science: how musical training shapes the
brain. Front Psychol 2013; 4: 713. DOI: 10.3389/fpsyg.2013.00713.

68. Gaser C and Schlaug G. Brain structures differ between musicians and non-musicians.
J Neurosci 2003; 23: 9240-9245.
69. Hutchinson S, Lee LHL, Gaab N, et al. Cerebellar volume of musicians. Cereb Cortex

2003; 13: 943-949. DOI: 10.1093/cercor/13.9.943.

70. Zamorano AM, Cifre I, Montoya P, et al. Insula-based networks in professional
musicians: Evidence for increased functional connectivity during resting state fMRI. Hum
Brain Mapp 2017; 38: 4834-4849. DOI: 10.1002/hbm.23682.

71. Zamorano AM, Riquelme |, Kleber B, et al. Pain sensitivity and tactile spatial acuity are
altered in healthy musicians as in chronic pain patients. Front Hum Neurosci 2015; 8: 1016.
DOI: 10.3389/fnhum.2014.01016.

72. Vaag J, Saksvik-Lehouillier |, Bjgrngaard JH, et al. Sleep difficulties and insomnia
symptoms in Norwegian musicians compared to the general population and workforce. Behav
Sleep Med 2016; 14: 325-342. DOI: 10.1080/15402002.2015.1007991.

73. Vaag J, Hakon Bjgrngaard J and Bjerkeset O. Symptoms of anxiety and depression
among Norwegian musicians compared to the general workforce. Psychol Music 2016; 44:
234-248. DOI: 10.1177/0305735614564910.

74. Bukola IM and Paula D. The effectiveness of distraction as procedural pain
management technique in pediatric oncology patients: a meta-analysis and systematic
review. J Pain Symptom Manage 2017; 54: 589-600. DOI:
10.1016/j.jpainsymman.2017.07.006.

75. Mallari B, Spaeth EK, Goh H, et al. Virtual reality as an analgesic for acute and chronic
pain in adults: a systematic review and meta-analysis. J Pain Res 2019; 12: 2053-2085. DOI:
10.2147/JPR.5200498.

76. Guptill C. Injured professional musicians and the complex relationship between
occupation and health. J Occup Sci 2012; 19: 258-270. DOI: 10.1080/14427591.2012.670901.
77. Hodges PW and Smeets RJ. Interaction between pain, movement, and physical

activity: short-term benefits, long-term consequences, and targets for treatment. Clin J Pain
2015; 31: 97-107. DOI: 10.1097/AJP.0000000000000098.

78. Hruschak V and Cochran G. Psychosocial predictors in the transition from acute to
chronic pain: a systematic review. Psychol Health Med 2018; 23: 1151-1167. DOI:
10.1080/13548506.2018.1446097.

79. Wertli MM, Rasmussen-Barr E, Weiser S, et al. The role of fear avoidance beliefs as a
prognostic factor for outcome in patients with nonspecific low back pain: a systematic review.
Spine J 2014; 14: 816-836. DOI: 10.1016/j.spinee.2013.09.036.

80. Wertli MM, Rasmussen-Barr E, Held U, et al. Fear-avoidance beliefs - a moderator of
treatment efficacy in patients with low back pain: a systematic review. Spine J 2014; 14: 2658-
2678. DOI: 10.1016/j.spinee.2014.02.033.

12



81. Zaza C, Charles C and Muszynski A. The meaning of playing-related musculoskeletal
disorders to classical musicians. Soc Sci Med 1998; 47: 2013-2023. DOI: 10.1016/s0277-
9536(98)000307-4.

82. Dick RW, Berning JR, Dawson W, et al. Athletes and the arts -- the role of sports
medicine in the performing arts. Curr Sports Med Rep 2013; 12: 397-403. DOI:
10.1249/JSR.0000000000000009.

83. Throsby D and Petetskaya K. Making art work: an economic study of professional
artists in Australia. 2017. Sydney, Australia: Australia Council for the Arts.

84. van den Eydne J, Fisher A and Sonn C. Working in the Australian entertainment
industry: final report. 2016. Melbourne: Victoria University.

85. Creech A, Papageorgil, Duffy C, et al. Investigating musical performance: commonality
and diversity among classical and non-classical musicians. Music Educ Res 2008; 10: 215-234.
DOI: 10.1080/14613800802079080.

86. de Bezenac C and Swindells R. No pain, no gain? Motivation and self-regulation in
music learning. International Journal of Education & the Arts 2009; 10.

87. McCready S and Reid D. The experience of occupational disruption among student
musicians. Med Probl Perform Art 2007; 22: 140-146.

88. Hall DT and Chandler DE. Psychological success: when the career is a calling. J Organ
Behav 2005; 26: 155-176. DOI: 10.1002/job.301.

89. Australian Bureau of Statistics. Employment in culture, Australia, 2011. Report no.
6273.0, 2011. Canberra, Australia: Australian Bureau of Statistics.

90. Stanhope J and Weinstein P. Why do we need to investigate non-classical musicians

to reduce the burden of musicians' musculoskeletal symptoms? Ind Health 2019. DOI:
10.2486/indhealth.2019-0094.

91. Foster NE, Anema JR, Cherkin D, et al. Prevention and treatment of low back pain:
evidence, challenges, and promising directions. Lancet 2018; 391: 2368-2383. DOI:
10.1016/50140-6736(18)30489-6.

92. Lin I, Wiles L, Waller R, et al. What does best practice care for musculoskeletal pain
look like? Eleven consistent recommendations from high-quality clinical practice guidelines:
systematic review. Br J Sports Med 2019: pii: bjsports-2018-099878. DOI: 10.1136/bjsports-
2018-099878.

93. Frederiksen P, Indahl A, Andersen LL, et al. Can group-based reassuring information
alter low back pain behavior? A cluster-randomized controlled trial. PLoS One 2017; 12:
€0172003. DOI: 10.1371/journal.pone.0172003.

94. Ree E, Lie SA, Eriksen HR, et al. Reduction in sick leave by a workplace educational low
back pain intervention: a cluster randomized controlled trial. Scand J Public Health 2016; 44
571-579. DOI: 10.1177/1403494816653854.

95. Odeen M, Ihlebaek C, Indahl A, et al. Effect of peer-based low back pain information
and reassurance at the workplace on sick leave: a cluster randomized trial. J Occup Rehabil
2013; 23: 209-219. DOI: 10.1007/s10926-013-9451-z.

96. Watson JA, Ryan CG, Cooper L, et al. Pain neuroscience education for adults with
chronic musculoskeletal pain: a mixed-methods systematic review and meta-analysis. J Pain
2019; 20: 1140.e1141-1140.e1142.

97. Buchbinder R, van Tulder MW, Oberg B, et al. Low back pain: a call for action. Lancet
2018; 391: 2384-2388. DOI: 10.1016/5S0140-6736(18)30488-4.

98. McEwen K and Young K. Ballet and pain: reflections on a risk-dance culture. Qual Res
Sport Exerc Health 2011; 3: 152-173. DOI: 10.1080/2159676X.2011.572181.

13



99. Stanhope J. Physical performance and musculoskeletal disorders: are musicians and

sportspeople on a level playing field? Perform Enhanc Health 2016; 4: 18-26. DOI:
10.1016/j.peh.2015.1J.004.

100. Markula P. (Im)Mobile bodies: contemporary semi-professional dancers' experiences
with injuries. Int Rev Sociol Sport 2015; 50: 840-864. DOI: 10.1177/1012690213495745.

14



