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Abstract

Objective

Despite the high number of amateur musicians in the general population, little is known

about the musculoskeletal health of amateur musicians. Playing a musical instrument is

supposed to be a risk factor for the development of musculoskeletal complaints. This study

aimed to evaluate playing-related musculoskeletal disorders (PRMDs) among amateur

musicians playing in student orchestras.

Design

A cross-sectional study.

Participants

357 members of eleven Dutch student orchestras across the Netherlands were included in

this study.

Intervention

A paper-based questionnaire on PRMDs was used.

Outcome measures

Sociodemographic characteristics and PRMDs were evaluated using an adaptation of the

Nordic Musculoskeletal Questionnaire (NMQ) and the music module of the Disabilities of

Shoulder and Hand (DASH) questionnaire.
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Results

The year prevalence of PRMDs among amateur musicians was 67.8%. Female gender,

younger age, higher BMI and playing a string instrument were independently associated

with a higher prevalence of PRMDs. The left shoulder was affected more frequently in violin-

ists and violists, whereas the right hand and wrist were more frequently affected in wood-

wind instrumentalists. Of the subjects with PRMDs during the last week, the score of the

music module of the DASH was 18.8 (6.3–31.2)

Discussion

This study is the first to report on PRMDs and its associated factors in a large group of ama-

teur musicians. The prevalence of PRMDs in amateur musicians is high, however the DASH

scores reflect a confined impact of these PRMDs on their functioning as a musician. Preven-

tive measures are needed aiming at reducing PRMDs among amateur musicians.

Introduction

Playing a musical instrument is a risk factor for the development of musculoskeletal com-

plaints, a phenomenon repeatedly confirmed in professional musicians.[1–5] However, only a

minority of the musicians is professional, in the Netherlands an estimated 20.000–25.000 of a

total population of 17 million people.[6] Contrary, 18% of the Dutch population, more than 3

million people, consider themselves amateur musicians.[7] Among university students the

number of amateur musicians is possibly even higher; a Dutch study indicated that 33% of

these university students played an instrument.[3]

The reported prevalences of PRMDs in amateur musicians vary greatly, depending on the

study design and the population studied. Prevalences of up to 80% have been reported among

amateur musicians.[8–12] These numbers seem to outline the prevalence of musculoskeletal

complaints in the open population, for example in the Netherlands a year prevalence of 53.4%

is reported in a survey in the open population.[13] However, no study directly comparing

prevalences has been performed to our knowledge.[2,14,15] Female gender has been associated

with a higher prevalence of PRMDs among amateur musicians.[2,11,12] Playing load is

another confirmed risk factor among amateur musicians.[8,9,11] A recent cohort study

reported a nearly threefold increase in prevalence following a sudden increase in playing time.

[8]

However, literature studying the health of the amateur musician is scarce.[8] Several associ-

ated factors for PRMDs in professional musicians have not yet been studied in amateur musi-

cians. Among these factors are instrument type, tobacco and alcohol consumption, exercise,

playing experience and warming up, and perceived physical burden.[1,16,17] Also several bio-

mechanical factors possibly influence the occurrence of PRMDs in musicians; asymmetric

static playing posture, weight of the instrument and elevation of the arms possibly play a role

in the development and maintenance of PRMDs.[14,16,18] Each instrument thereby has its

own potential risk factors due to differences in playing technique.[19] Within the general pop-

ulation, additional to the music-specific risk factors, other determinants such as age, comor-

bidity and physical demands were found to be risk factors for musculoskeletal complaints.[20]

Therefore, this study aimed to explore the extent and prevalence of musculoskeletal health

problems among amateur musicians. The first objective was to evaluate the prevalence of

Musculoskeletal complaints in amateur musicians
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playing-related musculoskeletal disorders (PRMDs) in amateur musicians.[21] The second

objective was to identify factors associated with a higher risk of PRMDs.

Materials and methods

Design

A cross-sectional study was performed among university student amateur musicians. Amateur

musicians in this study are defined as all musicians who do not currently study at a music

academy or have obtained a music academy degree. The timeframe for inclusion was set

between February and May 2015 because we wanted to exclude PRMDs related to an increase

in playing load related to the start of the orchestra season (September - October) and upcom-

ing performances (November-December, June-July), as an increase in playing load is a known

risk factor for PRMDs in amateur musicians.[8]

Participants

We approached 17 Dutch student orchestras all across the Netherlands for participation in

the study. Two orchestras declined and four orchestras were not able to participate within

the desired timeframe. Thus, we visited 11 student orchestras (LMK, KAG, SH, WB) during

their weekly rehearsals and invited all the musicians who were present to participate in our

study. A student orchestra in the Netherlands is an orchestra, mainly consisting of university

students, for whom making music is a leisure activity. In other words, these students gener-

ally do not study music. However, some orchestra members attended or attend a music

academy (fulltime or part-time professional musical education); they were excluded from

participation in this study. A certain playing level is required to play in a Dutch student

orchestra, as musicians have to play an audition (play for a committee who decides whether

the musician has the desired playing capacities) before admission to the orchestra. In all

orchestras a classical, symphonic program is played during the study period. The study pro-

tocol was reviewed by the regional ethical committee; (METC Zuid-West Holland, registra-

tion number 14–086) who decided the Medical Research Act did not apply. According to the

Dutch Code of conduct for the use of data in health research, participants were presented

with an opt-out and written informed consent was not collected as data were analyzed

anonymously.

Outcome measures

The paper-based questionnaire used in this study has been described in PLOS in detail by

Kok et al.[8] In brief, the questionnaire includes sociodemographic characteristics, such as

gender, age and lifestyle habits, and music-related questions including instrument and play-

ing experience. The part of the questionnaire focusing on PRMDs is an adaptation of the

Nordic Musculoskeletal Questionnaire (NMQ).[22] We used Zaza’s definition of PRMDs:

‘pain and other symptoms that are chronic, beyond your control, and that interfere with the

ability to play your instrument at the usual level’.[21] This definition of PRMDs was explic-

itly mentioned to the participants. Participants were asked if they had experienced PRMDs

during the past week, four weeks, three months and year and to identify the location of these

PRMDs using the body map of the NMQ. The body map of the NMQ included the following

anatomic localizations: mouth/jaw; neck; shoulder left; shoulder right; upper back; elbow

left; elbow right; lower back; hand/wrist left; hand/wrist right; hip/upper leg left; hip/upper

left right; knee left; knee right; foot/ankle left; foot/ankle right. To assess the degree of impact

on musical activity, the music module of the DASH (Disabilities of Arm, Shoulder and
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Hand) was included in the questionnaire. This music module of the DASH consists of four

questions evaluating the impact of the complaints on the ability to play the instrument

during the last seven days (S2 Table). Each item was scored on a 5-point Likert scale; 1

representing the best and 5 the worst score on each question The response scores of each

item were summed and transferred to a total score ranging from 0 (no disability) to 100

(completely disabled). The total score was calculated by adding the assigned values (1–5) for

each response; divide this number by four, subtract one and multiply this number by 25.[23]

In case of a missing value on one or more of the DASH questions, the subject was excluded

from the DASH analysis.

The following anatomic regions for PRMDs were distinguished: head, mouth/jaw, neck,

upper back, lower back, shoulders (left and right), elbows (left and right), hands/wrists (left

and right), hips/thighs (left and right), knees (left and right), and feet/ankles (left and right).

Instruments were classified following the traditional subdivisions; the category string instru-

ments included the bowed string instruments violin, viola, cello and double-bass. The category

woodwind instruments included the instruments flute, bassoon, clarinet, oboe, and saxo-

phone. In the category brass instruments, the horn, tuba, trumpet, trombone and euphonium

were included. Percussion, piano and harp were classified as “other”. All responses were

entered anonymously into a database, with a unique identifier for each questionnaire to pre-

serve the link between database and paper. All answers were entered into the database as liter-

ally as possible. If a range was given, this was changed, in consensus (KAG, SH, LMK), to the

lowest number for data entry.

Data analysis

Baseline variables were represented as medians and quartiles 1 and 3 for continuous variables

and as a number with a percentage for categorical variables. A prevalence was calculated for

each anatomic region at each time point. This prevalence was also aggregated as prevalence of

any complaint at certain points in time and as prevalence of any complaint at any point in

time. Associations between patient characteristics, type of musical instruments, playing char-

acteristics and outcome were explored using logistic regression modelling. Outcome was

defined as any PRMD at any point in time. Possible risk factors were selected using literature

search and expert knowledge. We considered age, alcohol use, BMI, experience, hand domi-

nance, type of instrument, practice, sex, exercise and doing a warming up. We fitted two mod-

els. The first model was corrected for age and sex, as these variables are generally considered

clinically relevant. Based on literature, in addition we included alcohol use, BMI, experience,

hand dominance, type of instrument, practice, exercise and doing a warming up into the full

model. The level of significance was set to 0.05. All analyses were performed using R (version

3.2.2) in the RStudio environment. (version 0.99.463)

Results

The questionnaires were completed by 383 participants from 11 student orchestras across the

Netherlands. After exclusion of 26 conservatory students, who were not considered amateur

musicians, data of 357 participants were included in the analysis. The participants (28.9%

male) were on average 22.4 years old (range 15.5–80.8). All baseline characteristics can be

found in Table 1. Most participants played a string instrument (52.1%). A baseline table

divided by instrument group can be found in S1 Table. The majority of the string instrumen-

talists and woodwinds were female (79.6% and 77.1% respectively), while the majority of the

brass and other instrumentalists were male (64.4% and 62.5%, respectively).
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Prevalence of PRMDs

The prevalence of PRMDs in this population was 26.9% in the past week, 33.6% in the past

four weeks, 37.3% in the past three months and 67.8% in the last year. String instrumentalists

reported the highest number of PRMDs, and the year prevalence in this group was 74.2%. The

prevalences of each instrument group are presented in Table 2.

DASH

Of the subjects with PRMDs during the last week, 94 out 96 subjects completed all questions of

the DASH. The score of the music module of the DASH was 18.8 (6.3–31.2) (median and

interquartile range). String instrumentalists and instrumentalists in the group ‘other’ with

PRMDs during the last week reported the highest DASH scores (18.9 (6.3–34.2) and 25.0

(15.6–34.3) respectively). The results of the individual questions of the music module of the

DASH are displayed in S2 Table.

Table 1. Baseline characteristics of the amateur musicians included in this study (n = 357).

Age (years) 22.4 (20.6–24.7)

Sport (hours/week) 2.0 (1.0–3.0)

Alcohol (units/week) 4.0 (2.0–7.0)

BMI (kg/m2) 21.5 (20.0–23.2)

Instrument experience (years) 13.0 (10.0–16.0)

Practice (hours/week) 5.0 (3.8–7.0)

Sex Female 248 (69.5)

Male 103 (28.9)

Missing 6 (1.7)

Smoking No 318 (89.1)

Yes 37 (10.4)

Missing 2 (0.6)

Hand dominance Right-handed 309 (86.6)

Left-handed 47 (13.2)

Missing 1 (0.3)

Warming up No 189 (52.9)

Yes 165 (46.2)

Missing 3 (0.84)

Warming up duration (minutes) 5.0 (5.0–10.0)

Instrument group String 186 (52.1)

Woodwind 96 (26.9)

Brass 59 (16.5)

Other 16 (4.5)

Numbers are medians with (Q1-Q3) for continuous variables, and numbers with percentages for categorical

variables.

https://doi.org/10.1371/journal.pone.0191772.t001

Table 2. Prevalence of PRMDs in amateur musicians by instrument group (n = 357).

Total (n = 357) String (n = 186) Woodwind (n = 96) Brass (n = 59) Other (n = 16)

One week prevalence 26.9% 32.8% 21.9% 20.3% 12.5%

Four-week prevalence 33.6% 36.6% 33.3% 28.8% 18.8%

Three months’ prevalence 37.3% 41.9% 36.5% 28.8% 18.8%

One year prevalence 67.8% 74.2% 63.5% 57.6% 56.2%

https://doi.org/10.1371/journal.pone.0191772.t002
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Location of PRMDs

S1–S3 Figs show the body distribution of PRMDs in the different instrument groups. Table 3

presents the corresponding year prevalences for each body region in each instrument group

are shown. Of the string instrumentalists, 52.2% reported left shoulder PRMDs during the past

year. In this group, 59.4% of the violinists and violists and 36.2% of the cellists and double-bass

players reported left shoulder PRMDs during the last year. Also, neck and back problems were

reported more frequently among string instrumentalists. Among woodwind instrumentalists

the right hand was more often affected than the left (24.0% versus 7.3%). This difference was

found in all the instrumental groups of the woodwind section.

Risk factors for PRMDs

Our logistic regression model showed that younger age (OR 0.94 (0.90–0.97)), higher BMI

(OR 1.10 (1.00–1.21)) and female sex (OR 2.90 (1.78–4.77)) were independently associated

with a higher prevalence of PRMDs. The age effect remained present after exclusion of partici-

pants aged 35 and older (n = 12) (OR 0.84 (0.77–0.92)). Table 4 shows the results of the sex-

and age-corrected model, as well as the fully adjusted model.

Hand dominance was not significantly associated in our regression model with the

prevalence of PRMDs in the complete group of musicians. However, left-handed brass

instrumentalists reported a higher number of PRMDs than their right-handed colleagues.

The prevalences related to hand dominance are presented in the S3 Table.

Table 3. Distribution of PRMDs over various instrumental groups (one-year prevalence).

Strings (n = 186) Woodwind (n = 96) Brass (n = 59) Other (n = 16)

Head 6 (3.2%) 4 (4.2%) 2 (3.4%) 0

Mouth / Jaw 20 (10.8%) 20 (20.8%) 12 (20.3%) 0

Neck 69 (37.1%) 24 (25.0%) 9 (15.3%) 2 (12.5%)

Shoulder(s) 110 (59.1%) 35 (36.5%) 17 (28.8%) 7 (43.8%)

Shoulder left 97 (52.2%) 24 (25.0%) 12 (20.3%) 5 (31.2%)

Shoulder right 61 (32.8%) 29 (30.2%) 13 (22.0%) 5 (31.2%)

Upper back 60 (32.3%) 15 (15.6%) 6 (10.2%) 1 (6.2%)

Lower back 44 (23.7%) 12 (12.5%) 9 (15.3%) 2 (12.5%)

Elbow(s) 5 (2.7%) 2 (2.1%) 1 (1.7%) 1 (6.2%)

Elbow left 4 (2.2%) 0 1 (1.7%) 1 (6.2%)

Elbow right 2 (1.1%) 2 (2.1%) 1 (1.7%) 0

Hand(s) / Wrist(s) 49 (26.3%) 25 (26.0%) 6 (10.2%) 4 (25.0%)

Hand / Wrist left 34 (18.3%) 7 (7.3%) 4 (6.8%) 2 (12.5%)

Hand / Wrist right 29 (15.6%) 23 (24.0%) 4 (6.8%) 3 (18.8%)

Hip(s) / Upper leg(s) 2 (1.1%) 1 (1.0%) 0 0

Hip / Upper leg left 2 (1.1%) 0 0 0

Hip / Upper leg right 1 (0.5%) 1 (1.0%) 0 0

Knee(s) 3 (1.6%) 0 0 0

Knee left 2 (1.1%) 0 0 0

Knee right 1 (0.5%) 0 0 0

Foot / Feet / Ankle(s) 0 0 0 0

Foot / Ankle left 0 0 0 0

Foot / Ankle right 0 0 0 0

https://doi.org/10.1371/journal.pone.0191772.t003

Musculoskeletal complaints in amateur musicians

PLOS ONE | https://doi.org/10.1371/journal.pone.0191772 February 14, 2018 6 / 12

https://doi.org/10.1371/journal.pone.0191772.t003
https://doi.org/10.1371/journal.pone.0191772


Discussion

This study aimed to explore the extent and prevalence of the musculoskeletal health problems

among amateur musicians. The year prevalence of PRMDs among amateur musicians in this

study was 67.8%. Female sex, younger age, higher BMI and instrument group were indepen-

dently associated with a higher prevalence of PRMDs. The left shoulder was affected frequently

among violinists and violists, whereas the right hand and wrist were frequently affected in

woodwind instrumentalists. This study is the first in the literature reporting on musculoskele-

tal health in a large group of amateur musicians. The reported prevalences in this study are in

line with the scarce literature about PRMDs among amateur musicians.[8–11] Moreover, our

prevalence PRMDs in amateur musicians are very comparable to the prevalences of PRMDs in

high-level amateur musicians playing in two renowned Dutch national student orchestras,

compared to our study population playing in local student orchestras.[8] Furthermore, the

results of our study suggest that playing experience does not influence the occurrence of

PRMDs in student amateur musicians.

For this study we choose to evaluate PRMDs by using an adapted version of the NMQ. This

has several reasons; at first because it eases comparison to other studies evaluating PRMDs in

musicians, as most studies assessing musculoskeletal health of musicians evaluate PRMDs

instead of all musculoskeletal complaints.[1,8,11,16,24–26] By using the NMQ clarifying body

diagrams are used; above this questionnaire is validated. We did however not revalidate our

adapted version as only minor changes were made to the original questionnaire. By using the

music module of the DASH we were able to evaluate the impact of the PRMDs, a valuable

addition to the prevalence data.

The year prevalence of PRMDs in amateur musicians is comparable to the year-prevalence

of PRMDs in professional musicians, as reported in a recent review (41–93%)[1] Also the

other prevalences (e.g. week, month, 3-months) are comparable to the prevalence rates of pro-

fessional musicians, although it should be mentioned that the range of these prevalences in the

review is broad.[1] In this study, female sex and instrument group are independently associ-

ated with PRMDs among amateur musicians. These gender differences are in line with the lit-

erature on professional musicians, in which female musicians report more PRMDs.[1,2] Also

the anatomic distribution of PRMDs is comparable to professional musicians.[1] However,

Table 4. PRMDs in amateur musicians (n = 357); logistic regression modelling.

Model adjusted for age and gender

OR (95% CI)

Full model

OR (95% CI)

Age 0.94 (0.90–0.97) 0.93 (0.88–0.98)

Alcohol 0.99 (0.94–1.04) 0.97 (0.92–1.03)

BMI 1.10 (1.00–1.21) 1.14 (1.03–1.27)

Hand dominance (right-handedness) 0.84 (0.41–1.66) 0.78 (0.35–1.64)

Playing experience 0.99 (0.94–1.04) 0.97 (0.92–1.03)

Brass instrument (vs string) 0.69 (0.35–1.39) 0.54 (0.24–1.22)

Other instrument (vs string) 0.79 (0.26–2.63) 0.65 (0.20–2.28)

Woodwind instrument (vs string) 0.54 (0.31–0.96) 0.37 (0.20–0.70)

Practice (weekly playing load) 0.96 (0.90–1.04) 0.92 (0.85–1.00)

Female sex 2.90 (1.78–4.77) 2.28 (1.25–4.17)

Sport 1.01 (0.91–1.13) 1.02 (0.91–1.15)

Warming up (No) 0.95 (0.59–1.53) 0.71 (0.39–1.26)

Numbers are odds ratios (95% CI)

https://doi.org/10.1371/journal.pone.0191772.t004
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when comparing literature on amateur and professional musicians, one should realize that

study protocols and definitions of complaints are heterogenous.[1]

The results of our study suggest that playing experience does not influence the occurrence

of PRMDs in student amateur musicians. Although a sudden increase of playing load influ-

ences the occurrence of PRMDs[8], average playing load does not seem to be related to

PRMDs, a finding consistent with the literature on amateur musicians.[14] Practicing more

therefore does not seem to reduce or increase PRMDs; there are many possible other variables

however which can confound this outcome, for example technical playing level and playing

capabilities and difficulty of the played repertoire.

A surprising and significant finding in this study is the higher prevalence of PRMDs at a

younger age. This finding cannot be explained by less playing experience, for which we also

corrected in our statistical analyses. Furthermore, this effect did not disappear when we

excluded participants aged 35 and older from the analysis. A possible explanation for this age

dependent difference in this study could be the change in health behavior in the younger stu-

dents[27,28], which potentially could influence PRMDs. Healthcare providers therefore should

be aware of the high prevalence of PRMDs in this younger population. As the effect of age is,

however, minor (OR 0.94), future research should re-evaluate whether PRMDs actually are

age-dependent.

Another remarkable finding in this study is the higher prevalence of PRMDs in left-handed

brass instrumentalists compared to their right-handed colleagues. Although there are only

eight left-handed brass instrumentalists included in this study, it is a striking difference

between the two groups. Some brass instruments, for example the French Horn, are mainly

played left-handed, which could potentially influence this difference. However, other studies

evaluating the effect of handedness did not show differences between right- and lefthanded

musicians.[29,30] Therefore, future studies among brass instrumentalists could be conducted

aiming to clarify this issue of handedness.

As up to 20% of the general population consider themselves amateur musicians[7], PRMDs

in this specific group have meaningful consequences. First, these PRMDs may interfere with

other activities in daily life, such as work, and thus may have financial consequences, even

though making music is not the source of income for amateur musicians. Second, PRMDs can

affect the amount of pleasure that playing an instrument generally conveys to the musician,

thereby counteracting the mental health benefits. It is therefore surprising that literature on

PRMDs in amateur musicians is so scarce. When we compare research on musculoskeletal

complaints due to playing a musical instrument with research on those due to sports activities

at the amateur level, there are considerable differences, mainly related to knowledge of the ori-

gin and treatment of these musculoskeletal complaints.[31–33] The field of performing arts

medicine is clearly underdeveloped compared to sports medicine, which comprises extensive

research not only on prevalences and risk factors, but also on preventive measures to reduce

the number of PRMDs, both in professionals and in amateurs.[34]

No norm scores are available for using the DASH music module to reflect the impact and

significance of PRMDs in musicians while playing a musical instrument. Moreover, for the

optional modules of the DASH the minimally clinically relevant differences are unknown. The

results of the music module of the DASH are comparable with these results in a cohort of

high-level amateur musicians playing in national orchestras, in which a DASH score (music

module) of 14 is reported.[8] This DASH results therefore implicate that the PRMDs of the

subjects do influence their playing behaviour, however, the impact of these PRMDs is con-

fined. The relatively low DASH scores suggest that the severity of the evaluated PRMDs was

generally limited.
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One of the limitations in this study is the possible selection bias. In general, participants

who experience PRMDs are more willing to complete a health-related questionnaire. To pre-

vent selection bias as much as possible, the researchers who visited the orchestras explained

the aims of the study and emphasized the importance of completing the questionnaire, regard-

less of the presence of PRMDs.

Overall, the current study analyses a specific group of amateur musicians. Amateur musi-

cians may comprise a wide range of age groups, as well as different musical activities. There is

a clear difference in playing technique and playing habits between musical styles (for example

classical versus pop music). In addition, the playing time and experience of amateur musicians

vary greatly, which was reflected in our study population. The current study was performed in

young amateur instrumentalists, the majority of whom had passed an audition before joining

their orchestra, implicating a minimum required level of playing. Thus, our data cannot be

extrapolated to all amateur musicians, who may not possess the desired skills to pass such an

audition. In addition, vocalists were not included in this study, as we aimed to evaluate the

occurrence of PRMDs among instrumentalist musicians. A second limitation concerns the

evaluation of sports. As we did not evaluate its intensity or exact physical activity, the reported

activities might not be comparable, thereby influencing the regression analysis. Another limi-

tation of this study concerns the musicians who play more than one instrument. In the present

study, we chose to analyze data regarding the main instrument, as indicated by the musician.

In theory, the PRMDs they reported could have been related to their second instrument. How-

ever, for all participants who indicated that they played two instruments, these instruments

were within the same instrument category, therefore the effect on our results was most proba-

bly small. The musicians in this study were grouped according to posture and instrument. The

grouping of instruments is another possible limitation as each group constitutes of different

instruments, with differences in playing posture and technique, and therefore differences in

musculoskeletal load. However, separately reporting prevalences for each instrument would

not be reliable due to the relatively small sizes of these groups. The cross-sectional design of

the study prohibits any conclusions regarding the causality of the observed risk factors that

were associated with increased PRMDs. Moreover, as we studied amateur musicians, their

PRMDs could also have originated from other activities in their daily lives. As most of them

were students, for example excessive use of computers or reading textbooks in a wrong posture

could have resulted in musculoskeletal complaints that interfere with playing their musical

instrument. Our definition of PRMDs aimed to catch all musculoskeletal complaints that

interfere with playing, and as such it does not state the source of the complaints.

One of the major strengths of this study is that it reports on the largest population of ama-

teur musicians in literature. Due to this large study group, information on the prevalence of

PRMDs and associated factors could be assessed relatively reliably. Moreover, this study was

the first to systematically evaluate a collection of potential risk factors among amateur musi-

cians. As the literature on amateur musicians is scarce, the current study fills a knowledge gap

in medical science regarding musculoskeletal problems in the general population.

Future research among amateur musicians should aim to evaluate the occurrence and risk

factors of PRMDs in other groups of amateur musicians. For example, older amateur musi-

cians and non-classical musicians could be evaluated. This knowledge could serve as a guide

for developing suitable preventive measures, for example physical training and educational

programs, to prevent the development, longer duration and severity of PRMDs in musicians.

Summarizing, in this study among a large group of amateur musicians playing in student

orchestras, 67.8% of the instrumentalists reported PRMDs during the past year. The occur-

rence of these PRMDs was associated with female sex, younger age, higher BMI and playing a

string instrument.

Musculoskeletal complaints in amateur musicians

PLOS ONE | https://doi.org/10.1371/journal.pone.0191772 February 14, 2018 9 / 12

https://doi.org/10.1371/journal.pone.0191772


Supporting information

S1 Table.

(DOCX)

S2 Table.

(DOCX)

S3 Table.

(DOCX)

S1 Dataset.

(XLSX)

S1 Fig.

(TIF)

S2 Fig.

(TIF)

S3 Fig.

(TIF)

Acknowledgments

The authors thank Wadim de Boon for his contribution to the design of the study and the

data-collection. We thank Thomas Groenewegen for his contribution to the data entry. We

also thank the board and the members of CREA orkest (Amsterdam), Delfts Studenten Muziek

Gezelschap Krashna Musika (Delft), Groninger Studenten Muziekgezelschap Bragi (Gro-

ningen), Groninger Studentenorkest Mira (Groningen), Leids Studenten Koor en Orkest Col-

legium Musicum (Leiden), Rotterdams Studenten Orkest (Rotterdam), Studenten Harmonie

Orkest Twente (Enschede), Studentenorkest De Ontzetting (Wageningen), UniversiteitsOrk-

est Maastricht (Maastricht), Utrechtsch Studenten Concert (Utrecht), Utrechts Studenten

Koor en Orkest (Utrecht), and VU Orkest (Amsterdam) for their participation in this study.

Author Contributions

Conceptualization: Laura M. Kok, Karlijn A. Groenewegen, Saskia Haitjema.

Data curation: Karlijn A. Groenewegen, Saskia Haitjema.

Formal analysis: Karlijn A. Groenewegen.

Investigation: Laura M. Kok, Saskia Haitjema.

Methodology: Laura M. Kok, Karlijn A. Groenewegen, Saskia Haitjema.

Project administration: Laura M. Kok, Saskia Haitjema.

Supervision: Saskia Haitjema.

Visualization: Laura M. Kok.

Writing – original draft: Laura M. Kok, Saskia Haitjema.

Writing – review & editing: Laura M. Kok, Karlijn A. Groenewegen, Bionka M. A. Huisstede,

Rob G. H. H. Nelissen, A. Boni M. Rietveld, Saskia Haitjema.

Musculoskeletal complaints in amateur musicians

PLOS ONE | https://doi.org/10.1371/journal.pone.0191772 February 14, 2018 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0191772.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0191772.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0191772.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0191772.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0191772.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0191772.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0191772.s007
https://doi.org/10.1371/journal.pone.0191772


References
1. Kok LM, Huisstede BMA, Voorn VMA, Schoones JW, Nelissen RGHH. The occurrence of musculoskel-

etal complaints among professional musicians: a systematic review. International Archives of Occupa-

tional and Environmental Health. 2016. pp. 373–396. https://doi.org/10.1007/s00420-015-1090-6

PMID: 26563718

2. Kok LM, Huisstede BMA, Nelissen RGHH. Musculoskeletal complaints in male and female instrumental

musicians. In: Legato M, editor. Principles of gender-specific medicine. 3rd ed. Academic Press; 2017.

3. Kok LM, Vlieland TPV, Fiocco M, Nelissen RG. A comparative study on the prevalence of musculoskel-

etal complaints among musicians and non-musicians. BMC Musculoskelet Disord. 2013; 14. https://doi.

org/10.1186/1471-2474-14-9 PMID: 23289849

4. Kok LM, Nelissen RGHH, Huisstede BMA. Prevalence and Consequences of Arm, Neck, and/or Shoul-

der Complaints Among Music Academy Students. MPPA. 2015; 30: 163–168. PMID: 26395618

5. Zaza C. Playing-related musculoskeletal disorders in musicians: a systematic review of incidence and

prevalence. CMAJ. Department of Oncology, University of Western Ontario, London; 1998; 158: 1019–

1025.

6. Wiel A. van de RABM. Medische problemen bij musici. Ned Tijdschr Geneeskd. 2010; 154: 1–5.

7. Volz L, Deekman A, Heimans H. Factsheet Amateurkunst. Utrecht; 2014.

8. Kok LM, Haitjema S, Groenewegen KA, Rietveld ABM. The influence of a sudden increase in playing

time on playing-related musculoskeletal complaints in high-level amateur musicians in a longitudinalco-

hort study. PLoS One. 2016; 11. https://doi.org/10.1371/journal.pone.0163472 PMID: 27657537

9. Newmark J, L RJ. Practice doesn’t necessarily make perfect: incidence of overuse syndromes in ama-

teur instrumentalists. MPPA. 1987; 2: 142–144.

10. Dawson WJ. Upper extremity difficulties in the dedicated amateur instrumentalist. MPPA. 2001; 16:

152–156.

11. Buckley T, Manchester R. Overuse injuries in non-classical recreational instrumentalists. MPPA. 2006;

21: 80–87.

12. Sadeghi S, Kazemi B, Shooshtari SM, Bidari A, Jafari P. A high prevalence of cumulative trauma disor-

ders in Iranian instrumentalists. BMCMusculoskeletDisord. Pain research group, academic centre for

education, culture and research, Iran medical science branch, No 31, Karimkhan zand Avenue, shahid

hosseini alley, multidisciplinary pain clinic, Tehran, Iran. shsadeghi@sums.ac.ir; 2004; 5: 35.

13. Picavet HS, Schouten JS. Musculoskeletal pain in the Netherlands: prevalences, consequences and

risk groups, the DMC(3)-study. Pain. National Institute of Public Health and the Environment, Center for

Chronic Diseases Epidemiology (CZE, pb 101), PO box 1, 3720 BA, Bilthoven, The Netherlands.

susan.picavet@rivm.nl; 2003; 102: 167–178.

14. Kok LM, Huisstede BM, Douglas TJ, Nelissen RG. Association of Arm Position and Playing Time with

Prevalence of Complaints of the Arm, Neck, and/or Shoulder (CANS) in Amateur Musicians: A Cross-

Sectional Pilot Study Among University Students. MPPA. 2017; 32: 8–12. PMID: 28282473

15. Huisstede BM, Wijnhoven HA, Bierma-Zeinstra SM, Koes BW, Verhaar JA, Picavet S.—Prevalence

and characteristics of complaints of the arm, neck, and/or shoulder (CANS) in the open population.—

Clin J Pain 2008 Mar-Apr; 24(3)253–9. https://doi.org/10.1097/AJP.0b013e318160a8b4 PMID:

18287832

16. Kaufman-Cohen Y, Ratzon NZ. Correlation between risk factors and musculoskeletal disorders among

classical musicians. OccupMed(Lond). Department of Occupational Therapy, Tel Aviv University, PO

Box 39040 Ramat Aviv, Tel Aviv 69978, Israel. yaelkauf@post.tau.ac.il; 2011; 61: 90–95.

17. Wu SJ. Occupational risk factors for musculoskeletal disorders in musicians: A systematic review.

MPPA. 2007; 22: 43–51.

18. Wahlstrom Edling C, Fjellman-Wiklund A, Edling CW, Fjellman-Wiklund A. Musculoskeletal Disorders

and Asymmetric Playing Postures of the Upper Extremity and Back in Music Teachers A Pilot Study.

MPPA. 2009; 24: 113–118.

19. Sataloff RT, Brandfonbrener AG, Lederman RJ. Performing arts medicine. Science & Medicine; 2013.

20. Roquelaure Y, Ha C, Rouillon C, Fouquet N, Leclerc A, Descatha A, et al. Risk factors for upper-extrem-

ity musculoskeletal disorders in the working population. Arthritis Rheum. Universite d’Angers, Labora-

toire d’Ergonomie et d’Epidemiologie en Sante au Travail, IFR 132, Centre Hospitalier Universitaire,

Angers, France. yvroquelaure@chu-angers.fr; 2009; 61: 1425–1434.

21. Zaza C, Charles C, Muszynski A. The meaning of playing-related musculoskeletal disorders to classical

musicians. SocSciMed. Department of Oncology, University of Western Ontario, Canada; 1998; 47:

2013–2023.

Musculoskeletal complaints in amateur musicians

PLOS ONE | https://doi.org/10.1371/journal.pone.0191772 February 14, 2018 11 / 12

https://doi.org/10.1007/s00420-015-1090-6
http://www.ncbi.nlm.nih.gov/pubmed/26563718
https://doi.org/10.1186/1471-2474-14-9
https://doi.org/10.1186/1471-2474-14-9
http://www.ncbi.nlm.nih.gov/pubmed/23289849
http://www.ncbi.nlm.nih.gov/pubmed/26395618
https://doi.org/10.1371/journal.pone.0163472
http://www.ncbi.nlm.nih.gov/pubmed/27657537
http://www.ncbi.nlm.nih.gov/pubmed/28282473
https://doi.org/10.1097/AJP.0b013e318160a8b4
http://www.ncbi.nlm.nih.gov/pubmed/18287832
https://doi.org/10.1371/journal.pone.0191772


22. Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-Sorensen F, Andersson G, et al. Standardised

Nordic questionnaires for the analysis of musculoskeletal symptoms. ApplErgon. Institute of Occupa-

tional Health, Department of Physiology, Helsinki, Finland; 1987; 18: 233–237.

23. Hudak PL, Amadio PC, Bombardier C. Development of an upper extremity outcome measure: the

DASH (disabilities of the arm, shoulder and hand) [corrected]. The Upper Extremity Collaborative

Group (UECG). AmJIndMed. Institute for Work and Health, Toronto, Ontario, Canada; 1996; 29: 602–

608.

24. Engquist K, Orbaek P, Jakobsson K. Musculoskeletal pain and impact on performance in orchestra

musicians and actors. MPPA. 2004; 19: 55–61.

25. Middlestadt SE, Fishbein M. The prevalence of severe musculoskeletal problems among male and

female symphony orchestra string players. MPPA. 1989; 4: 41–48.

26. Ackermann B, Driscoll T, Kenny DT. Musculoskeletal pain and injury in professional orchestral musi-

cians in Australia. MPPA. Discipline of Biomedical Science, University of Sydney, Sydney, Australia.

bronwen.ackermann@sydney.edu.au; 2012; 27: 181–187.
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