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Abstract
Background: The study aimed to evaluate the angle of trunk rotation (ATR) and symmetry of lower limb loading in professional 
musicians. Material and Methods: A  total of 60 instrumentalists were examined: cellists, violinists and musicians playing wind 
instruments. The scoliometer examination was used to assess trunk asymmetry. The angle of trunk rotation was measured at seg-
ment: Th1–Th4, Th5–Th12, and Th12–L4. The maximum value (ATR max) and the sum of three rotations (STR) were calculated. 
Two scales were used to assess the symmetry of lower limb loading. Loading symmetry index (LSI) of the lower limb was calculated. 
Results: Violinists have the highest mean values of ATR, ATR max, STR and LSI and musicians playing wind instruments have 
the lowest mean values. In the group of violinists and musicians playing wind instruments, a positive correlation was found between 
playing experience and ATR Th1–Th4. Conclusions: The body position during playing violin and cello may increase the angle of 
trunk rotation and the lower limb loading’s asymmetry. Med Pr. 2022;73(2):85–93
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INTRODUCTION

Dysfunctions and overloads of the musculoskeletal sys-
tem occur in various professional groups. A highly spe-
cialised professional group is represented by musicians 
who are particularly exposed to various health prob-
lems related to the musculoskeletal system [1,2]. During 
playing an instrument, the body is in a forced position. 
Forced postures are postures in which the body is not in 
a natural position and in which tension is caused in dif-
ferent parts of the body. An instrumentalist’s work in-
volves daily practice, often many hours, so the period 
of being in a  non-physiological position of the  body 
takes a large part of the day [3,4]. Performing repetitive 
movements for a long time, engaging the same group of 
muscles may lead to pathological changes in the muscu-
loskeletal system [5].

The frequent dysfunctions in musicians are postural 
disorders  [6–8]. The  trunk’s asymmetry in the  frontal 
plane and an increase in the spine’s physiological cur-
vature may appear in children and adolescents study-
ing at a music school and in students of higher music 

schools [9–11]. The long-term assumption of a forced, 
often asymmetrical position may also disturb posture 
and balance stability [12]. Stability and postural asym-
metry may lead to severe posture disorders, including 
scoliosis. Due to the different types of musical instru-
ments, defects and postural stability disorders may dif-
fer between musicians. Musicians playing asymmetrical 
instruments such as the violin or the cello seem to be 
particularly at risk of posture disorders [13,14]. Recent 
studies confirm the occurrence of musculoskeletal dis-
orders in 80–90% of the musicians [15–17].

Although research on musculoskeletal disorders in 
musicians is systematically conducted abroad, Poland’s 
research, including Polish instrumentalists, is still lim-
ited. The results obtained in studies of instrumentalists 
from different countries may differ because elements 
from the psychosocial working environment may influ-
ence on the musicians’ musculoskeletal problems [18]. 
Local labour market conditions – such as working hours 
and sickness allowance – as well as the local health care 
system and accessibility to health care services may lead 
to different results between countries. Therefore, it is 
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worth investigating musculoskeletal disorders in musi-
cians in different countries.

The study aimed to evaluate the trunk rotation and 
symmetry of lower limb loading in professional Pol-
ish musicians, as well as to analyse the relationships be-
tween trunk rotation and the symmetry of lower limb 
loading with the time spent practising, the experience 
of playing an instrument and basic anthropometric 
variables.

MATERIAL AND METHODS

Study design and setting
This cross-sectional study was carried out from January 
to February 2020 in the Opolskie Voivodeship, Poland. 
The research was conducted at the Opole Philharmonic 
and the City Hall in Brzeg. The research was an excerpt 
from research registered on the ISRCTN platform un-
der number 37 451, which has been discontinued since 
March 2020 due to the  COVID-19 pandemic. The  re-
search was carried out in accordance with the  guide-
lines of the  Declaration of Helsinki and Good Clini-
cal Practice. The  Bioethical Commission approved it 
at the Opole Medical School (permission No. KB/240/
FI/2020). All participants gave written informed con-
sent after a thorough explanation of the procedures in-
volved. The  STROBE (Strengthening the  Reporting of 
Observational Studies in Epidemiology) guidelines were 
followed [19].

Participants
For the  research 79 musicians were qualified, but 
19 people withdrew from the study, because it did not 
respond to the  written invitation to the  study. Final-
ly total of 60 people were examined (34 women and 
26 men), including 40 instrumentalists from the Sym-
phony Orchestra of the Opole Philharmonic Józef El-
sner and 20 musicians from the Princely Symphony Or-
chestra in Brzeg. The inclusion criteria were: 1) status of 
the professionally active instrumentalist, 2) a minimum 
5-year experience in playing the instrument, and 3) vol-
untary written consent to participate in the study. Ex-
clusion criteria included: 1) infection, 2) acute injury, 
3) cancer, 4) pregnancy, and 5) lack of written consent 
to participate in the study.

The participants were divided into 3 groups: cellists 
(N = 20), violinists (N = 20), and musicians playing wind 
instruments (N  = 20). The  wind instruments included 
musicians playing the trombone (N = 3), clarinet (N = 3),  
bassoon (N  = 3), flute (N  = 1), French horn (N  = 4), 

trumpet (N = 5) and horn (N = 1). The mean age of cellists 
was 33.20±11.95 years, violinists 33.20±13.15 years and 
musicians playing wind instruments – 31.10±13.77 years.

Measurement tools
The scoliometer examination with a  combination of 
the  Adams Forward Bending Test was used to assess 
trunk asymmetry. This tool was chosen because of its 
good specificity, sensitivity, and predictive capabil-
ity (correlation with the  radiographic analysis r  = 0.7 
with p < 0.05 [20]. The scoliometer has good repeatabil-
ity and reproducibility of measurements  [21]. During 
the examination the researcher did not know which in-
strument the examined musician was playing.

Participants were in a  standing position with 
the  lower limbs extended and the  trunk leaning for-
ward. The trunk flexion movement started with pulling 
the chin towards the chest, the clasped hands between 
the feet. The scoliometer was applied without pressure 
across the  long axis of the  spine at 3 levels – thoracic 
proximal (Th1–Th4), thoracic main (Th5–Th12), and 
thoracolumbar (Th12–L4) [22]. The measured angle of 
trunk rotation (ATR) was interpreted according to Bun-
nel’s recommendations [23,24]:
	■ 0–3° – the limit of the norm, physiological rotation 

of the trunk,
	■ 4–6° – a intermediate values, suspected rotation,
	■ ≥7° – scoliosis.

The trunk rotation’s maximum value was calculat-
ed for each participant, taking into account the high-
est score from each level of the spine (ATR max). Then, 
the  sum of three rotations (STR) was calculated, in-
dicating the  global trunk deformation, by summing 
the  maximum values of the  angle of trunk rotation 
at 3  levels according to the  algorithm, depending on 
the direction of trunk rotation at individual levels [25].

In order to assess the body weight distribution and 
symmetry of lower limb loading, a test of 2 scales was 
performed. The subject was in a standing position, with 
their feet evenly spaced on 2 scales standing next to 
each other, with the upper limbs lowered along the body 
and the eyes directed straight ahead. The measurement 
was performed on an electronic scale with an accura-
cy of 0.1 kg. The loading symmetry index (LSI) was cal-
culated as the quotient of the greater to the lower val-
ue based on the obtained data. The correct value is in 
the range 1.00–1.15 [26].

In addition, body weight and height were measured, 
and the BMI was calculated. The research was supple-
mented by questions about the  number of hours of 
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practice per week and the experience (number of years 
playing an instrument).

Statistical methods
The obtained data was encoded and transferred to 
MS Office Excel 2017 and then subjected to statistical 
analysis using Statistica version 13.3 (TIBCO Inc., Tul-
sa, USA).

Descriptive statistics were calculated  – mean (M), 
median (Me), standard deviation (SD) and interquar-
tile range (IQR). The distribution of the variables was 
assessed in terms of normality using the Shapiro-Wilk 
test. Non-parametric methods were used. The  results 
of qualitative scales in the analyzed groups were com-
pared by χ2 Pearson’s test. The Kruskal-Wallis ANOVA 
rank test and Dunn’s post hoc test were used to assess 
the significant differences between the 3 groups formed 
by the  instrument type. Spearman’s rank correlation 
was used to assess the  relationship between somatic 
variables, angle of trunk rotation, maximum rotation, 
the  sum of three rotations, symmetry of lower limb 
loading with the number of hours playing per week and 
experience of playing. The level of p ≤ 0.05 was adopted 
for the assessment of statistical significance.

RESULTS

Descriptive data
The participants (N = 60) were divided into 3 groups: 
cellists (N = 20), violinists (N = 20) and musicians play-
ing wind instruments (N = 20). The mean age in the in-
dividual groups was similar. The mean values of BMI in 
the groups of violinists and cellists are within the nor-
mal range, while the  BMI of the  group of musicians 
playing wind instruments is within the  lower limit of 
overweight. The  age and anthropometric variables of 
the participants were presented in Table 1.

Main results
In assessing the differences between the groups of musi-
cians in terms of the variables: experience in playing an 
instrument, number of hours practising per week, the val-
ues of ATR max and ATR measurements at individual 
spine levels and LSI, the following results were recorded.

In relation to the ATR max results, a result of scoli-
osis was noted in 10% of cellists and as many as 70% of 
violinists, while in the group of musicians playing wind 
instruments, none of the respondents had scoliosis. In-
termediate values of trunk rotation (suspected rotation) 
occurs in 80% of cellists, 30% of violinists, and 20% 
of musicians playing wind instruments. Normal spine 
without rotation was found in 80% of wind instrument 
musicians and 10% of cellists, while none of the violin-
ists achieved normal ATR max (Table 2).

The highest ATR score at individual levels were ob-
tained in the group of violinists in the Th1–Th4 verte-
brae in 65% of musicians and the Th12–Th4 vertebrae 
in 50% of musicians (Table 2).

The LSI index within the  normal range was found 
in 85% of musicians playing wind instruments, 25% of 
cellists and 5% of violinists (Table 3).

The highest average score and the  median ATR at 
each level of the  spine, ATR max, STR and LSI were 
obtained in the  violinist’s group, while the  lowest in 
the  group of musicians playing wind instruments. 
The differences between the results of all groups of mu-
sicians were statistically significant. The mean LSI score 
in the  violinist’s group was outside the  normal range 
(Tables 4 and 5).

Statistically significant differences were found with 
regard to the number of hours playing per week. Cellists 
spent an average of 25 h a week playing an instrument, 
violinists 33.4 h and musicians playing symmetrical in-
struments 20 h. The difference between the scores of vi-
olinists and musicians playing symmetrical instruments 

Table 1. Descriptive statistics of age and anthropometric variables for instrumentalists from Symphony Orchestra  
of the Opole Philharmonic Józef Elsner and the Princely Symphony Orchestra in Brzeg, study carried out in January–February 2020,  
in the Opolskie Voivodeship, Poland

Variable
Cellists

(N = 20)
Violinists
(N = 20)

Wind instrumentalists
(N = 20)

M±SD Me (IQR) M±SD Me (IQR) M±SD Me (IQR)

Age [years] 33.20±11.95 29.50 (20.50) 33.20±13.15 33.50 (8.00) 31.10±13.77 25.00 (18.00)

Body height [cm] 169.75±6.99 170.00 (9.00) 167.85±8.38 168.00 (8.00) 175.50±9.23 177.00 (9.50)

Body mass [kg] 68.60±17.03 61.50 (16.00) 61.40±14.88 58.00 (19.50) 79.25±12.80 83.00 (13.50)

BMI [kg/m2] 23.62±4.82 22.45 (3.59) 21.59±3.82 20.43 (4.22) 25.62±3.25 25.72 (4.52)

IQR – interquartile range.
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was statistically significant. Violinists spent significantly 
more time playing than musicians playing symmetrical 
instruments (Tables 4 and 5).

Cellists had an average experience of 24.15 years, vi-
olinists 25.95 years, and musicians playing symmetrical 
instruments 18.35 years. The differences in the  length 
of professional experience between musicians’ groups 
were not statistically significant (Table 4).

No statistically significant relationships were found 
between the time spent playing per week and ATR on 
individual sections of the spine, ATR max, STR and LSI 
in any group of musicians. In the group of violinists and 
musicians playing wind instruments, a positive correla-
tion was found between playing experience on the in-
strument and ATR Th1–Th4 (Table 6).

In the  group of cellists, negative correlations were 
found between body height and weight and ATR 
Th12–L4 and LSI, between body weight and STR, and 
between BMI and ATR Th5–Th12 and ATR Th12–L4. 
In  the  group of musicians playing wind instruments, 
positive relationships were found between body height 
and weight and ATR Th1–Th4 (Table 6).

DISCUSSION

Key results and interpretation
The study aimed to assess the trunk rotation and sym-
metry of lower limb loading in professional musicians 
playing various instruments. The  conducted research 
results showed that the group of violinists was the most 

Table 2. The angle of trunk rotation (ATR) depending on the spine section and trunk rotation’s maximum value across instrumental 
groups from Symphony Orchestra of the Opole Philharmonic Józef Elsner and the Princely Symphony Orchestra in Brzeg,  
study carried out in January–February 2020, in the Opolskie Voivodeship, Poland

Variable
Participants

[n (%)] p*
ATR 0–3° ATR 4–6° ATR ≥7°

Vertebrae

Th1–Th4 <0.001

cellists 11 (55) 9 (45) 0 (0)

violinists 0 (0) 7 (35) 13 (65)

wind instrumentalists 19 (95) 1 (5) 0 (0)

Th5–Th12 <0.001

cellists 8 (40) 10 (50) 2 (10)

violinists 2 (10) 11 (55) 7 (35)

wind instrumentalists 19 (95) 1 (5) 0 (0)

Th12–L4 <0.001

cellists 9 (45) 10 (50) 1 (5)

violinists 3 (15) 7 (35) 10 (50)

wind instrumentalists 17 (85) 3 (15) 0 (0)

ATR max <0.001

cellists 2 (10) 16 (80) 2 (10)

violinists 0 (0) 6 (30) 14 (70)

wind instrumentalists 16 (80) 4 (20) 0 (0)

* p-value of Pearson’s χ2, significant difference (p ≤ 0.05) denoted in bold.

Table 3. The range of the loading symmetry index (LSI) across 
instrumental groups from Symphony Orchestra of the Opole 
Philharmonic Józef Elsner and the Princely Symphony Orchestra 
in Brzeg, study carried out in January–February 2020,  
in the Opolskie Voivodeship, Poland

Variable
Participants

[n (%)] p*
LSI ≤1.15 LSI >1.15

Instrumental group <0.001

cellists 5 (25) 15 (75)

violinists 1 (5) 19 (95)

wind instrumentalists 17 (85) 3 (15)

* p-value of Pearson’s χ2, significant difference (p ≤ 0.05) denoted in bold.
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exposed to the  occurrence of permanent trunk rota-
tions. Trunk rotation values indicative of scoliosis were 
found in 70% of them, and only in 5% of violinists, 
the symmetrical lower limb loading was found.

Among violinists, the  highest values in the  angle 
of trunk rotation in each section of the spine, the sum 
of three rotations and the  lower limb loading asym-
metry were observed. Musicians playing wind instru-
ments have the lowest results of the measured variables. 
The percentage of musicians with trunk rotation indic-
ative of scoliosis and asymmetry of lower limb load-
ing was the highest among violinists, lower among cel-
lists, and the  lowest among musicians playing wind 
instruments. Greater trunk asymmetry in violinists 
may be associated with a  forced position during play-
ing. In  violinists, the  left upper limb is raised when 
playing and holding the instrument. Playing the violin 
requires extreme outer shoulder rotation, shoulder lift, 
and constant max left forearm inversion. Contrary to 
the left limb, the right upper limb’s range of motion is 
wide [4,27].

Physical exertion such a maintaining a sitting posi-
tion by the violinist during playing is a significant dis-
comfort factor due to the increase in the static loading. 
Chairs usually do not have the possibility of individu-
al adjustment; that is because a  forced posture or po-
sition must be held throughout the exertion of playing 
the violin [4]. The cellists also play in a sitting position. 
The cello’s body is placed between the musician’s knees 
while the fingerboard is on the head’s left side. The posi-
tion of the finger and grip are similar to playing the vi-
olin [27].

Playing for many hours string instruments, especial-
ly the violin, often in forced positions, may cause static 
loads and increase the trunk rotation or asymmetry of 
the lower limb loading and contribute to scoliosis.

Research also shows that violinists spend more hours 
practising than other instrumentalists – cellists and mu-
sicians playing symmetrical wind instruments. Perhaps 
a greater number of hours of playing an asymmetric in-
strument negatively affects the body posture and asym-
metry of lower limb loading.

With regard to the  occurrence of trunk asymme-
try, the authors’ results correspond to previous reports. 
Other researchers also obtained similar results. Mu-
sic students demonstrate a  twofold higher risk of de-
veloping musculoskeletal problems in comparison to 
non-music students [7]. The research on the asymme-
try of posture was conducted among students of a mu-
sic conservatory in Italy. All instruments were classified 

Table 4. Statistical characteristics of the angle of trunk rotation 
(ATR), the sum of three rotations (STR), the loading symmetry 
index (LSI) and the time spent on playing across instrumental 
group from Symphony Orchestra of the Opole Philharmonic 
Józef Elsner and the Princely Symphony Orchestra in Brzeg, 
study carried out in January–February 2020,  
in the Opolskie Voivodeship, Poland

Variable Me (IQR) p*

Vertebrae ATR [°]

Th1–Th4 <0.001

cellists 3.00 (1.50)

violinists 7.00 (3.00)

wind instrumentalists 1.00 (1.50)

Th5–Th12 <0.001

cellists 4.5 (2.00)

violinists 6.00 (2.50)

wind instrumentalists 1.00 (1.00)

Th12–L4 <0.001

cellists 4.00 (2.00)

violinists 6.50 (4.50)

wind instrumentalists 2.00 (2.50)

ATR max [°] <0.001

cellists 5.00 (1.50)

violinists 8.00 (4.00)

wind instrumentalists 3.00 (1.00)

STR [°] <0.001

cellists 9.50 (7.50)

violinists 19.00 (11.00)

wind instrumentalists 4.00 (2.50)

LSI <0.001

cellists 1.13 (0.60)

violinists 1.16 (0.06)

wind instrumentalists 1.05 (0.07)

Practising [h/week]a 0.019

cellists 28.00 (15.00)

violinists 42.00 (18.00)

wind instrumentalists 20.00 (16.00)

Experience [years]b 0.073

cellists 20.50 (19.00)

violinists 26.50 (15.00)

wind instrumentalists 13.50 (16.50)

IQR – interquartile range.
* p-value of Kruskal-Wallis one-way analysis of variance; significant difference  
(p ≤ 0.05) denoted in bold.
a Number of hours playing an instrument per week.
b Experience in playing an instrument in years.
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as asymmetric or symmetrical. The study showed that 
playing an asymmetric instrument exposed musicians 
to postural disorders [6].

Rensing et  al.  [8] showed that asymmetric posture 
while playing an instrument and the related muscle ac-
tivity and joint mobility contribute to problems with 
the  musculoskeletal system in violinists and violists. 
Ohlendorf et al. [28] examined the body position dur
ing playing in professional violinists and violists. They 

showed that playing the  instrument changes the static 
sitting position through increased trunk rotation, spe-
cific shoulder adaptation with little effect on the pelvis. 
Such forced position can cause chronic health effects.

The study aimed to analyse the relationships between 
the  trunk rotation and symmetry of lower limb load-
ing with the time practising per week, professional ex-
perience in playing the  instrument and somatic vari-
ables. There were no statistically significant relationships 

Table 5. Pairwise comparisons using Dunn post hoc test, by instrument specialisation from Symphony Orchestra  
of the Opole Philharmonic Józef Elsner and the Princely Symphony Orchestra in Brzeg, study carried out in January–February 2020,  
in the Opolskie Voivodeship, Poland

Variable Cellists
(N = 20)

Violinists
(N = 20)

Wind instrumentalists
(N = 20)

Vertebrae angle of trunk rotation (ATR) [°]

Th1–Th4

cellists <0.001 <0.001

violinists <0.001 <0.001

wind instrumentalists <0.001 <0.001

Th5–Th12 

cellists 0.037 <0.001

violinists 0.037 <0.001

wind instrumentalists <0.001 <0.001

Th12–L4

cellists <0.001 0.004

violinists <0.001 <0.001

wind instrumentalists 0.004 <0.001

ATR max [°]

cellists <0.001 <0.001

violinists <0.001 <0.001

wind instrumentalists <0.001 <0.001

Sum of three rotations (STR) [°]

cellists <0.001 0.001

violinists <0.001 <0.001

wind instrumentalists 0.001 <0.001

Loading symmetry index (LSI)

cellists 0.014 <0.001

violinists 0.014 <0.001

wind instrumentalists <0.001 <0.001

Practicing [h/week]

cellists 0.123 0.552

violinists 0.123 0.010

wind instrumentalists 0.552 0.010

Bolded are significant differences with p < 0.05.
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between the time spent playing weekly with the trunk ro-
tation and symmetry of lower limb loading in any group 
of musicians. On the other hand, a positive relationship 
was observed between the experience of playing the in-
strument and ATR Th1–Th4 among violinists and mu-
sicians playing wind instruments. It has been observed 
that the longer the professional experience of playing an 
instrument, then the greater the angle of trunk rotation 
in the proximal thoracic section. Several negative rela-
tionships were found between the somatic variables and 
the trunk rotation and lower limb loading asymmetry in 
the group of cellists. The cello is a large and heavy instru-
ment. Holding the cello while playing causes a high static 
load on the musculoskeletal system. Therefore, in musi-
cians with lower height, weight and BMI, the trunk rota-
tion and lower limb loading asymmetry may be greater.

Few of the  other researchers have also observed 
the relationship of postural disorders among musicians 
with the experience of playing an instrument. Research 
by Ramella et  al.  [6] among the  Music Conservatory 

students in Milan showed that the years of playing an 
instrument were significantly associated with posture 
disorders among students.

As asymmetry of posture can lead to serious posture 
disorders, preventive measures to improve symmetry 
and stability of posture in instrumentalists’ education 
should be considered. Future research into the epidemi-
ology of musculoskeletal disorders in musicians should 
focus on related risk factors and the prevention of in-
strument playing-related problems.

Limitations
The manuscript has some limitations. A  small num-
ber of musicians were examined. The  research sam-
ple included participants who volunteered to partici-
pate in the study. Research involving volunteers always 
carries the risk that they are often people with greater 
awareness or openness to experience, which can poten-
tially affect the  results obtained. Moreover, musicians 
who already had health problems related to playing  

Table 6. Spearman’s rank correlation coefficients by instrumental group from Symphony Orchestra of the Opole Philharmonic Józef Elsner 
and the Princely Symphony Orchestra in Brzeg, study carried out in January–February 2020, in the Opolskie Voivodeship, Poland

Variable
ATR

ATR max STR LSI
Th1–Th4 Th5–Th12 Th12–L4

Cellists

body height –0.109 –0.136 –0.454 –0.342 –0.308 –0.465

body mass –0.116 –0.368 –0.537 –0.430 –0.449 –0.509

BMI 0.019 –0.477 –0.526 –0.442 –0.428 –0.434

practicinga –0.076 0.018 0.300 0.176 0.084 0.197

experienceb 0.282 –0.344 –0.212 –0.221 –0.243 –0.291

Violinists

body height 0.007 –0.265 –0.051 –0.133 –0.102 0.032

body mass 0.152 –0.119 0.032 0.026 0.003 0.205

BMI 0.349 0.075 0.165 0.274 0.191 0.375

practicinga 0.371 0.091 0.233 0.337 0.173 0.255

experienceb 0.459 0.220 0.257 0.300 0.248 0.329

Wind instrumentalists

body height 0.449 0.190 0.333 0.322 0.504 0.282

body mass 0.459 0.152 0.275 0.297 0.311 0.151

BMI 0.297 0.004 0.065 0.063 0.035 –0.033

practicinga –0.115 0.004 –0.093 –0.063 –0.094 –0.160

experienceb 0.539 0.227 0.034 0.397 0.269 0.385

ATR – angle of trunk rotation, LSI – loading symmetry index, STR – sum of three rotations.
a Number of hours playing an instrument per week.
b Experience in playing an instrument in years.
Bolded are significant differences with p < 0.05.
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an instrument could be interested in taking part in 
the research [16]. Therefore, when interpreting the re-
sults, it is worth remembering that they only approx-
imate musicians’ situation in this region of Poland. 
The next limitation of the study is the lack of a medical 
history of instrumentalists. The authors don’t know ex-
actly in which lifecycle scoliosis developed.

Also the  examination of the  trunk rotation with 
a scoliometer may be subject to a measurement error, 
and the examination of the distribution of body weight 
with the 2-weight test gives only basic results. A more 
precise method would be the examination with a stabi-
lometric platform and a computer system for examining 
body posture. There was no control group in the study. 
Future research should include the  group of subjects 
with similar characteristics but not playing any instru-
ments. In addition, when analysing the factors causing 
the asymmetry of the posture, the focus was on the in-
strument type. More research is needed to consider 
a much larger number of musicians and analyse other 
risk factors for the occurrence of musculoskeletal dis-
orders, such as gender, overweight and obesity, levels of 
physical activity and stress.

Practical implications
Identification of risk factors for the occurrence of mus-
culoskeletal disorders among professional musicians 
will allow the development of prevention strategies and 
interventions. Early intervention can minimise the risk 
of severe postural disorders in musicians.

CONCLUSIONS

1.	 Forced while playing, musicians’ body position, es-
pecially violinists, increases the angle of trunk ro-
tation and increases the  asymmetry of lower limb 
loading.

2.	 There were moderate positive relationships between 
the length of experience with the angle of trunk ro-
tation in the proximal thoracic segment among vio-
linists and wind musicians.

3.	 In  order to minimize the  musculoskeletal system 
disorders in professional musicians, the  therapy 
should include physical exercises to strengthen and 
stretch the muscles of the trunk and limbs, as well as 
manual therapy and massage treatments.

4.	 More research is needed, involving many people 
and analysing various risk factors for developing 
posture disorders and asymmetry among profes-
sional musicians.
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