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Objective: Body posture appears to influence fatigue and muscu-
loskeletal complaints in musicians. Our aim was to determine energy
expenditure and to investigate whether energy expenditure is affected
by body posture in brass and woodwind instrumentalists. Methods:
Eighteen musicians (10 women, 8 men; 6 brass, 12 woodwinds), with
a mean age of 39 ± 14 years and mean body mass index of 23.8 ± 4.9
kg/m2, played their instruments for 30 minutes twice: once in
nonoptimized body posture (posture A), and once in a posture
according to the postural exercise therapy method Mensendieck (pos-
ture B). Patients were randomized to the order of postures in a
crossover design AB/BA. Playing sessions were preceded and fol-
lowed by 60 minutes of rest. Energy expenditure was measured in a
respiration chamber with indirect calorimetry. Basal metabolic rate
was measured with a ventilated hood. Results: Mean metabolic
equivalents  (MET) for playing a wind instrument in the sitting posi-
tion in a nonoptimized posture and posture according postural exer-
cise therapy were 1.69 (SD 0.18) and 1.80 (SD 0.22), respectively. Per-
cent change between resting metabolic rate and total energy
expenditure while playing was 32% (95% CI 25–39%) in posture B
and 23% (95% CI 17–30%) in posture A (p = 0.021). Conclusion:
Average physical activity while playing a wind instrument approxi-
mates 1.8 MET. Our data show an association between energy expen-
diture and body posture while playing a brass or woodwind instru-
ment: playing a musical instrument in a posture according to
postural exercise therapy leads to higher energy expenditure as com-
pared to a nonoptimized body posture. These results suggest that
fatigue and the general feeling of lack of energy after playing a musi-
cal instrument are not related to actual higher energy expenditure.
Med Probl Perform Art 2011; 26(4):218–222.

Many musicians develop playing-related disorders during
their careers. Previous studies have indicated a preva-

lence of medical problems among musicians of up to 87%.1–3

Most common are nonspecific musculoskeletal disorders.4

Musical performance should be seen as a physically demand-

ing process. Fatigue is a commonly heard complaint, resulting
from physical, cognitive, and emotional exertion.5,6 Ergonom-
ics, efficiency of movement, and body posture have been men-
tioned to attribute to a more healthy way of music-making.3,6

Recently, several articles have been published on health
promotion and prevention which emphasize the importance
of improvement of movement patterns and posture when
playing a musical instrument.7,8 Although there is no actual
scientific evidence that postural techniques reduce muscu-
loskeletal problems in musicians, postural and postural
awareness techniques like Feldenkrais and Alexander tech-
nique are generally accepted in music education.9 Another
postural technique, postural exercise therapy according to the
method Mensendieck (hereafter called postural exercise ther-
apy), has widespread use in northern Europe and should also
be considered.

The aim of postural exercise therapy is optimization of
posture and movement patterns in relation to daily activi-
ties.10 Its cornerstone is knowledge about and awareness of
the body and muscles. Body posture is re-educated with help
from visual, audible, and proprioceptive feedback.11,12 Goals
are achieved by stimulation of quantitative and qualitative
movement behavior and by postural and exercise advice.10

Participants improve mobility, coordination, and condition
and learn to move optimally in daily life.10 Mensendieck
therapy is well known in the Netherlands, France, and Scan-
dinavian countries for treatment of musculoskeletal com-
plaints and is frequently administered to musicians. 

According to the theory of postural exercise therapy, three
muscle groups can be discerned which are in use while play-
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ing a musical instrument: balance muscles, active playing
muscles, and passive playing muscles. Balance muscles are
used to support body weight (e.g., m. latissimus dorsi, lower
part of m. trapezius), active playing muscles are used to play
the instrument (e.g., arm, hand, and breathing muscula-
ture).12,13 Passive playing muscles need to be relaxed during
playing (e.g., upper part of m. trapezius and m. levator scapu-
lae).12,13 An optimized body posture enabling all these mus-
cles to function properly is the basis of treatment according
to the method Mensendieck. Inadequate control of balance
muscles will lead to overuse of both active and passive play-
ing muscles, resulting in physical exertion, fatigue, tiredness,
and musculoskeletal complaints.12,13 Furthermore, this gen-
eral overall feeling of exertion in the whole body system as
perceived by the musician is described as fatigue. 

Based on our experience, musicians who have suffered
from musculoskeletal pain and participated in postural exer-
cise therapy reported that making music in the instructed
body posture is less troublesome and less fatiguing when
compared to playing in their former body posture. We
hypothesize that fatigue and musculoskeletal pain after play-
ing in a nonoptimized body posture are related to higher
energy expenditure.

Only limited data on energy expenditure while playing
music are available in literature.14–18 Ainsworth et al.14

described multiple metabolic equivalents for playing music.
A metabolic equivalent (MET) is the ratio of work metabolic
rate to resting metabolic rate.14 Energy costs for playing the
flute, horn, and woodwind while sitting are reported to be
2.0 MET. For playing the trumpet and trombone, the METs
are 2.5 and 3.5, respectively.14 No studies could be found that
examined the effect of playing postures on energy expendi-
ture in musicians. The aim of the current study was to deter-
mine energy expenditure for playing brass and woodwind
instruments and to investigate how body posture affects
energy expenditure in brass and woodwind instrumentalists. 

METHODS

Subjects

Eighteen musicians were included in this study. Because this is
an explorative study, we included as many participants as pos-
sible in the available time. Participants were brass and wood-
wind players who had recently suffered from nonspecific mus-

culoskeletal problems associated with playing music as diag-
nosed by a rehabilitation consultant or a postural exercise ther-
apist specialized in treating musicians. Subjects had to be
treated for their nonspecific musculoskeletal pain by a special-
ized postural exercise therapist in the last year for at least eight
sessions of 1 hour (by the same therapist). Musicians needed to
be able to make music both in a body posture according to pos-
tural exercise therapy and in the former, nonoptimized body
posture. Three therapists participated in the project, two of
whom were educated by the third, senior postural exercise ther-
apist. Excluded were patients with lung diseases, rheumatoid
arthritis or fibromyalgia. The Medical Ethical Committee of
Maastricht University Medical Center, Maastricht, The
Netherlands, granted permission for the study. 

Characteristics of the subjects are listed in Table 1. Six
participants played brass instruments (1 woman, 5 men),
and 12 participants were woodwind players (9 women, 3
men). Musicians had different grades of experience playing
their instrument. 

Procedure

Participants were approached by a specialized rehabilitation
consultant or postural exercise therapist for participation in
this study. The main researcher invited the participants,
informed them about the protocol, and obtained written
informed consent. Participants were scheduled for one
appointment at the laboratory, which lasted from 8:00 am to
1:30 pm. Participants were instructed to fast after 10:00 pm
the evening before. 

At 8:00 am the experiment started with basal metabolic
rate assessment and anthropometric measurements. At 9:00
am, participants entered a respiration chamber where they
ate breakfast and acclimatized. At 9:30 am, the experiment
started with a 1-hr rest period. Subsequently, participants
played their musical instruments between 10:30 and 11:00
am, followed by a 1-hr rest, a second playing period between
12:00 and 12:30 pm, and finally a 1-hr rest until 1:30 pm.
During resting periods participants were asked to sit at ease. 

Musicians played once in a nonoptimized playing posture
(posture A) and once in an optimized playing position
according to postural exercise therapy (posture B), both in
the sitting position. The order of positions per person was
randomized into AB or BA. Musicians played their own
repertoire which consisted of warm-up pieces and etudes or
concert pieces they were used to playing, the same repertoire
being played in both sessions. This was done to avoid addi-
tional stress and energy expenditure if they had to play music
that was unfamiliar to them. The main researcher, who was
instructed about the postural exercise theory, observed the
postures and gave additional instructions for postural correc-
tion in case this was needed. 

Basal Metabolic Rate

Basal metabolic rate (BMR) was both predicted (formula of
Schofield19) and measured. Standard procedures for meas-
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TABLE 1. Participant Characteristics

Men Women Total
(n = 8) (n = 10) (n = 18)

Age (yrs) 47 (± 14) 32 (± 11)* 39 (± 14)
Height (m) 1.86(± 0.07) 1.70 (± 0.06)† 1.77 (± 0.10)
Weight (kg) 82.3(64–100.6) 63.1(43.9–82.3)* 73.3(50.4–96.2)
BMI (kg/m2) 23.1(18.7–27.5) 21.4(15.5–27.3) 22.9(17.1–28.7)

Data presented as mean (± SD) or median (interquartile range): 
*p < 0.05, †p<0.01.



urements were followed. Measurements were performed
during 35 min using a ventilated hood system (Omnical,
Maastricht University, Maastricht, The Netherlands), after a
10-hr fasting period, in a thermoneutral environment, in
complete physical and mental rest and awake. Values for a 20-
min period, starting 15 min after onset of measurements,
were taken into analysis. Gas analyses were performed by
dual paramagnetic O2 analyzers and dual infrared CO2 ana-
lyzers (type 1156, 1507, 1520; Servomex, Crowborough,
Sussex, UK). Respiratory gas measurements were adjusted for
standard temperature, pressure, and dry conditions. The for-
mula of Brouwer20 was used to calculate energy expenditure
from average O2 and CO2 values. 

Diet
Participants received breakfast adjusted for their predicted
BMR. Total daily energy intake was calculated as 1.75 times
the predicted BMR as an estimate of energy requirement for
average activity. Breakfast contained 20% of the calculated
daily requirement.

Body Posture

Posture A was defined as the former, nonoptimized body pos-
ture in which the musicians were used to playing at the time
they experienced problems: e.g., playing in sway back, leaning
backward behind the ischial tuberosities, or legs crossed.

Posture B was the optimized body posture according to
postural exercise therapy. The biomechanical aspects of this
posture focus on pelvis, spine, and shoulder girdle posi-
tion.12,13 With a minimal posterior rotation of the pelvis, the
vertebral column is positioned straight above the pelvis,
hence transferring the weight of the axial skeleton to the
ischial tuberosities. By controlling the curvatures of the ver-
tebral column (e.g., decrease of cervical and lumbar lordosis),
overload of intervertebral joints and discs is prevented. Ante-
rior positioning of the thoracic spine decreases tension in
thoracic and shoulder musculature. The arms can move
freely, by support of the m. latissimus dorsi and lower part of
m. trapezius.12,13

Energy Expenditure

Energy expenditure was measured by indirect calorimetry in
a dual respiration chamber system with automated calibra-
tion, according to Schoffelen et al.21 Composition and
volume of inlet and outlet air streams were measured. Energy
expenditure was calculated from O2 consumption (VO2,
mL/min) and CO2 production (VCO2, mL/min) with the
formula of Brouwer.20 VO2 and VCO2 were averaged over 30-
min intervals. The analysis system consisted of infrared CO2
(ABB/Hartman&Braun Uras, Frankfurt a.M., Germany)
and paramagnetic O2 analyzers (Servomex 4100, Crowbor-
ough, UK, and ABB/Hartman&Braun Magnos, Frankfurt
a.M., Germany). Flow was measured using electronically
modified dry gas meters (G6, gasmeterfabriek Schlumberger,
Dordrecht, The Netherlands).21,22 Each room had a volume

of 14 m3. The climate was controlled and set at 19 to 22˚C.
Physical activity was measured with an analogue ultrasonic
Doppler system (Advisor DU160, Aritech BV, Roermond,
The Netherlands) and expressed in counts. The system was
validated each month with combustion of alcohol.

Resting energy expenditure (REE) was determined for the
periods before and after each playing session as the average of
the two 30-min intervals during one resting period. Differ-
ences in energy expenditure are expressed in percentage of
change between total energy expenditure (TEE) during play-
ing and REE, for both playing postures. Metabolic equivalent
(MET) was calculated as TEE during playing divided by meas-
ured BMR.

Statistics

SPSS version 15 (SPSS Inc., Chicago, IL) was used for statis-
tical analysis. Summary statistics of continuous variables are
presented in mean and standard deviation (SD) or median
and interquartile range (when skewed). Independent group
comparisons were conducted with parametric or nonpara-
metric tests. Categorical variables are presented as absolute
counts. Paired samples t-tests were used to test for differences
between the two body postures in physical activity, REE, and
MET. Independent samples t-tests were used to test for dif-
ferences in MET between brass and woodwinds and men and
women. Chi-squared test was used to test for associations
between categorical variables. Mixed model analysis was con-
ducted to test differences in energy expenditure for the dif-
ferent playing postures. Subjects were taken as a random
factor, whereas the variables posture (A vs B), period (first vs
second) and type of instrument (brass vs woodwind) were the
fixed effect factors. Restricted maximum likelihood was
applied to the estimation of model parameters. A probability
level of 0.05 was selected for statistical significance. 

RESULTS

Energy Expenditure in Different Body Postures

An example of analysis of energy expenditure and physical
activity from one of the participants is shown in Figure 1.
During playing periods, a peak in energy expenditure and
physical activity can be seen. The energy expenditure curve
resembles the curve of physical activity. Table 2 displays the
estimated fixed effect parameters of the mixed model (random
intercept and error variances were, respectively, 67.15 and
105.39). When playing in posture A, TEE increased by a
mean of 23% (95% CI 17-30%) above the values of REE. Play-
ing in posture B resulted in a TEE that was 32% (95% CI 25-
39%) higher than REE. The absolute difference (9%) between
the mean rise in energy expenditure in both postures was
found to be statistically significant (p = 0.021). 

It is unlikely that the significant effect of body posture is
explained by differences in physical activity in both postures,
as mean physical activity was 3553 (± 1946) counts/min in
posture A, and 3182 (± 1070) counts/min in the posture B,
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which is statistically not significant. Similarly, REE values
before and after playing did not differ. A period effect was
found that was independent of body posture (p = 0.027).
Energy expenditure in period 1, independently of posture,
was on average higher than in period 2. The rise in energy
expenditure between REE and TEE in the first playing
period averaged 32% (95% CI 25–38%) and was significantly
higher than the increase in the second playing period of 23%
(95% CI 17–30%), with an almost equal difference for both
body postures. 

Differences in energy expenditure between brass and
woodwind instrumentalists, independent of body posture,
were not significant (p = 0.144), although the magnitude of
the effect size was similar to the period and posture effect, i.e.
about 9% on average. Brass instrumentalists showed a mean
increase in energy expenditure of 32% (95% CI 22–41%),
while woodwind instrumentalists showed a mean increase of
23% (95% CI 17–30%). A significant association between
sex and type of instrument was found, with women more
often playing a woodwind instrument (odds ratio 15; 95% CI
1.22–185.21). 

Metabolic Equivalent (MET)

Mean physical activity when playing in posture A was 1.66 (±
0.16) MET for brass instruments and 1.70 (± 0.19) MET for
woodwind instruments. When playing in posture B, mean
MET was 1.87 (± 0.21) and 1.76 (± 0.22), respectively. A sig-
nificant difference in MET was found between both body
postures for brass instrumentalists, but not for woodwind
instrumentalists. Four musicians (woodwind) actually
showed lower energy expenditure in posture B. No differ-
ences in MET were found between brass and woodwind
instrumentalists. For wind instruments in general, mean
MET was 1.69 (± 0.18) for posture A and 1.80 (± 0.22) for
posture B, this difference being statistically significant (p =

0.013). Independent of posture, mean MET for wind instru-
ment playing is 1.76. 

For women, mean MET was 1.70 (± 0.18) in posture A and
1.77 (± 0.24) in posture B (p = 0.18). For men, these results
were 1.67 (± 0.18) and 1.84 (± 0.19) (p = 0.05), respectively. No
statistical differences between men and women occurred in
both playing postures: p = 0.75 for posture A and p = 0.47 for
posture B. An overview of the results in relation to gender,
instrument type, and experience is shown in Table 3.

DISCUSSION

When interpreting the results of our investigation, it is
important to realize that this study was a pilot study with the
aim of researching whether the amount of energy expendi-
ture can be a possible explanation for the general overall feel-
ing of exertion in the body while making music and whether
this energy expenditure is related to body posture in patients
who had been suffering from nonspecific musculoskeletal
pain. We included a broad range of participants to provide a
more complete view. 

Consequently, there are some methodological points for
discussion. Gender was unequally distributed. This, com-
bined with the observed association between sex and type of
instrument, makes it difficult to consider the separate effect
in the multiple model. In any future studies, gender should
be equally distributed. It is also advisable to include only one
instrument group, the same repertoire should be played by
each participant, and participants should be of equal experi-
ence grade. However, this might seriously limit the feasibility
of including a sufficient number of subjects. Furthermore, a
systematic measurement on subjectively reported fatigue and
physical complaints did not occur. We did ask participants
systematically about their experiences in both postures. Par-
ticipants favored playing in the Mensendieck posture because
of less fatigue and complaints. An objective measurement of
fatigue should be recommended for future research to get a
better understanding of the relationship between body pos-
ture, fatigue, and physical complaints. Nevertheless, we
believe our protocol was sufficient for this pilot study to pro-
vide a first overview of metabolic results and to test our
hypothesis.

Our results showed that there is an association between
energy expenditure and body posture while playing a wind
instrument. Both in terms of percent change in energy
expenditure between rest and playing and in MET, playing a
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FIGURE 1. Energy expenditure (solid circles) and physical activity
(open circles) of a test person averaged over 30-minute periods. Play-
ing periods in posture A and B are shown by the gray bars.

TABLE 2. Model Parameters Estimates of the Mixed Model
(Fixed Effects Only) with Compound Symmetric

Covariance Structure

� SE p-Value

Intercept 23.58 3.97 0.000
Posture –8.74 3.42 0.021
Period 8.30 3.42 0.027
Instrument category 8.41 5.47 0.144
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musical instrument in a posture according to postural exer-
cise therapy leads to higher energy expenditure as compared
to a nonoptimized body posture. Our hypothesis that fatigue
and musculoskeletal complaints occurring while playing in a
nonoptimized position are related to higher energy expendi-
ture could not be supported by these experimental data.
Results seem to indicate that fatigue and the general feeling
of lack of energy after playing a musical instrument are not
related to actual higher energy expenditure. Besides a pos-
tural effect, a period effect was found. 

We hypothesize that the difference in energy expenditure
between body postures is caused by the use of relatively larger
postural muscles in the optimized body posture. We also pro-
pose that the optimized body posture is a more active posture;
musicians must concentrate and focus on their posture, striv-
ing constantly to play in the right posture. Whether these
hypotheses are correct must be researched in later studies.
Electromyography could be used to monitor playing muscles.

The period effect might possibly be explained by the effect
of diet-induced thermogenesis (DIT). DIT is the increase in
energy expenditure caused by digestion of food. Participants
ate breakfast 1.15 and 2.45 hrs before playing period 1 and 2,
respectively. The mean pattern of DIT throughout the day
shows larger energy expenditure shortly after breakfast, which
decreases with time.23 This is then exemplified by the higher
overall energy expenditure we found in period 1 compared to
period 2. The objective finding of this period effect in energy
expenditure might also be supportive for the hypothesis that
warming-up prior to a performance truly is important for a
musician.5

It must be noticed that our MET values, particularly those
associated with playing a brass instrument, are lower than the
values reported by Ainsworth et al.14 As it is not clear how
their data were obtained, we can offer no explanation for the

differences. The average MET values for playing a brass or
woodwind instrument in the sitting position are around 1.8.
This value is in the category of light intensity activities and is
comparable with sitting—writing, desk work, typing.14

In conclusion, the average physical activity while playing a
wind instrument in a sitting posture according to postural
exercise therapy method Mensendieck is 1.8 MET. This pilot
study points out that an association between energy expendi-
ture and body posture while playing a brass or woodwind
instrument is assumable. Results suggest that fatigue and the
general feeling of lack of energy after playing a musical instru-
ment are not related to actual higher energy expenditure.
Larger studies are needed to provide a mechanistic explana-
tion for the relationship between body posture and fatigue
after playing in brass and woodwind instrumentalists.
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