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Effect of Expiratory Muscle Strength Training
on the Performance of Professional Male
Trumpet Players

Alexandra Turk-Espitalier, PhD, Dr. Matthias Bertsch, and Isabelle Cossette, PhD

BACKGROUND: Many trumpet players use breathing
training devices in addition to their daily practice rou-
tine. Playing a brass instrument requires, besides many
other skills, a controlled air stream to generate the nec-
essary air pressures. On the trumpet, high intraoral pres-
sures are needed, especially during high and loud notes.
Therefore, it is not uncommon in trumpet pedagogy to
teach that the use of breathing training devices
enhances physical strength so that the required pres-

sures can be produced with less effort. However, to date,

no systematic assessment of the use of breathing train-
ing devices among trumpet players exists and their
effect on playing performance is still unclear. METHODS:
In this a pre-post, within-subject repeated measure
study, we investigated the influence of a 5-week expira-
tory muscle strength training (EMST) upon trumpet per-
formance. Twenty-four male professional trumpet play-
ers were allocated to either a control or intervention
group. The intervention group (n =13) trained with an
EMST device against a set resistance of 55% of their
maximum expiratory pressure (MEP) for 5 weeks on 5
days per week. The control group (n =11) did no inter-
vention. All participants underwent the same measures
(MEP and rate of perceived exertion [RPE]) and played
the same tasks (maximum long note, maximum high
note, maximum dynamics and phrasing in high register)
prior to and after the 5 weeks. RESULTS: After EMST,
MEP increased significantly (13%, p = 0.049) in the inter-
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vention group, whereas no significant change was found
in the control group. Performance parameters did not
change in either of the groups, also after EMST. Despite
the increase in MEP, we found no evidence that EMST
has an influence on trumpet performance. CONCLU-
SION: We conclude that EMST seems unnecessary for
the enhancement of trumpet playing, at least in a popu-
lation of male professionals who already demonstrate
excellent respiratory condition and control. Med Prob/
Perform Art 2024;39(1):18-26.

KEYWORDS: expiratory muscle strength training, music,
music physiology, trumpet, wind instrument

THE TRUMPET is considered a low-airflow /high-pressure
instrument with high intraoral and intrapleural pressures
during high and loud notes and a generally low airflow
(1,2). In trumpet pedagogy, the relation between airflow and
pressure to produce a sound is discussed extensively. Many
teachers recommend specific breathing exercises for wind-
instrumentalists in their lessons, but at the same time there
is not much evidence that these exercises are effective (3).

Respiratory function among wind instrumentalists has
been investigated for several decades, however, with
inconclusive results (4-7). The interrelation between air-
flow and pressure has been studied extensively by Bouhuys
in the 1960s. Further research has been conducted by Fuks
and Sundberg (1996) (8), Fletcher and Tarnopolsky (1999)
(9), Schwab and Schultze-Florey (2004) (1), Huber (2007) (2),
Fréour et al. (2010) (10), and Fréour (2013) (11). Mean play-
ing pressure and maximum pressure among the different
wind instruments can be measured in different playing
tasks (1). However, due to variable conditions during play-
ing, studies on flow and pressure report inconsistent
results even for one individual instrument. Despite vary-
ing results, researchers agree on the increase of flow and
pressure with rising dynamics and pitch. This applies to all
wind instruments except the clarinet, where pressure rises
in the low register compared to higher notes (12).

On the trumpet, intraoral pressure can reach a maxi-
mum of up to 254 cmH,O [~24 kPa] (9) and 258 cmH,O [~25
kPA] (1). Trumpet players need many years of practice to
develop an effective technique to produce these pressures.
Without an optimal control, sound quality may be unpro-
fessional with a high range restricted, which may also lead
to lip and muscle fatigue (13).



Breathing training devices are commonly used in musi-
cal communities to enhance breathing. Originally devel-
oped for patients with pulmonary or neurodegenerative
diseases, exercising with a breathing training device can
improve inspiration, expiration, airflow, and strength of
respiratory muscles (14). Trumpet players use different
kinds of breathing training devices to enhance the above-
mentioned factors. However, the type of device, training
regimens, intensity and resistance have only been evalu-
ated for patients and athletes so far (15-17). Some studies
have described the effect of expiratory muscle strength
training (EMST) on maximum expiratory pressure (MEP)
among wind instrumentalists (18-20), but only two of
them investigated the direct relation of EMST to playing
performance (19,20). Woodberry et al. (19) only found a sig-
nificant impact of EMST on loudness in high and low tone
production in general. Dries et al. (20) found changes in
flow rates, which led to changes in timbre and sound.
However, in Woodberry at al. (19), only one participant
played the trumpet and Dries et al. (20) focused on saxo-
phone players. Therefore, these results cannot be used to
answer our research question regarding the effect of EMST
on professional trumpet players’ performance.

In order to play at a professional top level, trumpet
players need to control the constant high pressure required
to produce the desired sound in a reliable, reproducible,
and consistent way. We hypothesized that a specific
breathing training (EMST) can improve the players’ MEP
as well as their performance, measured as length of a given
note, highest possible note played, loudest possible
dynamic played, and rate of perceived exertion (RPE) in a
given phrase.

METHODS
Participants

Twenty-four male trumpet players between the ages of 20
and 45 years took part in the study. Because of the “high-
end-performance” playing tasks, only professional or very
advanced players were included. In order to have a group
with comparable physiological factors, age was restricted
to 20 to 45 years. Lung volumes and measures of breathing
parameters clearly differ in different phases of life, so that
values of a 20-year-old person cannot be compared to
those of a 60-year-old (21-23).

Exclusion criteria were untreated chronic respiratory
diseases, acute respiratory problems, high blood pressure,
structural abnormalities of the heart, structural changes of
the lung, high eye pressure, hernia, disc prolapse, neurolog-
ical disorders that worsen due to high pressure and deep
breathing, vertigo, esophagus fold insufficiency, current
surgery, regular intake of blood-thinning medication, and
use of other breathing devices during the time of the study.

Gender was limited to male gender as respiratory values
differ considerably between men and women (21). Investi-
gating both male and female players without having a sim-

TABLE 1. Descriptive Values of Study Participants (n=24).

Intervention Control
No. in groups 13 Il
Age (yrs)

Mean (SD) 272 (7.7) 263 (6.9)
Min — max 20 -45 2040
Height (cm), mean (SD) 183.5 (6.6) 1799 (5.6)
Weight (kg), mean (SD) 91.5(21.9) 76.6 (10.7)
BMI, mean (SD) 27.1 (6.2) 23.6 (3.0)

Vital capacity (L), mean (SD) 5.7 (0.7) 53 (0.5)

All participants were high-level male trumpet professionals.

ilar percentage of each gender would have resulted in
improper matching in and between groups. While the tra-
dition of the instrument still results in a rather low per-
centage of professional female trumpet players, in order to
report on both genders equitably, another study will be
conducted with female players in the future.

Ethical approval was given by the ethics committee of
the University of Music and Performing Arts Vienna (case
no. 02/2016). All participants received thorough informa-
tion about the procedures in this study and gave their writ-
ten consent.

A priori sample size was calculated with 24 participants,
using G* Power, an effect size of 0.3, a err prob of 0.05,
power (1-f err prob) of 0.08 and ANOVA repeated meas-
ures, within-between interaction. Participants’ allocation
to intervention or control group was calculated with statis-
tical program R 3.5.0 GUI 1.70. There were no drop-outs
among the participants. Participants’ characteristics in
and between the two groups are presented in Table 1.

Study Design and Outcome Measures

The study was designed as a pre-post, within-subject
repeated measure study. Initial measures of all outcomes for
both groups were taken at the beginning of the study. This
initial measurement was followed by a 5-week intervention
(EMST) for the intervention group and no intervention for
the control group. After 5 weeks, all outcomes were meas-
ured again in both groups in a final measurement.

During both the initial and final measurements, the fol-
lowing outcomes were collected: length of tone (L), pitch
(P), sound pressure level /intensity (SPL), rate of perceived
exertion (RPE), and maximum expiratory pressure (MEP).
Vital capacity (VC) was only measured at the final meas-
urement. Except for MEP and VC, all outcomes were col-
lected while the participants played standardized tasks. Of
all outcomes, MEP was the only one to be measured every
week, whereby these weekly measurements were used to
adjust the training resistance for the EMST at 55-60% of
each participant current MEP value.

A player’s form, which can vary over time, significantly
impacts the performance especially in tasks at a “high-
end” level. Therefore, great care was taken that the final
measurements took place at the same time of the day
(morning, afternoon or evening) as the initial measure-
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FIGURE 1. Four tasks were played for the performance tests pre and post the intervention training: 1) a sustained note
to be played as long as possible; 2) a G major scale up to the maximal note that can be played; 3) notes to be played as
loud as possible (ff-ffff); 4) a difficult transposed theme of the Haydn trumpet concerto.

ments. The participants also had to play standing during
all tasks and measurements (24). Furthermore, it was
important that participants followed the same schedule
with the same amount of playing (or no playing) both on
the days of the final and the initial measurements.

Blinding of participants and researcher was not possi-
ble. The participants of the intervention group were
informed that they were performing a breathing training.
To increase adherence and ensure that practice habits did
not change during the time of the study, all participants of
both groups filled out a daily practice diary.

Experimental Setup

Assessment tools included Audacity software version 2.1
for recording of sound parameters (L, P and SPL/inten-
sity), Borg scale for RPE, and a calibrated portable desk-
top spirometer (model PONY FX MIP/MEP by Cosmed
Srl [Rome, Italy] with accompanying Omnia© software
ver. 1.4.2) for lung function measurements MEP and VC.
All playing tasks were recorded with a Rede NT USB
microphone (Rede Microphones, Silverwater, NSW, Aus-
tralia) and Audacity software at the same gain level for
all measurements.

Playing Tasks and Sound Recording Analyses

Before starting the playing tasks, all participants had the
opportunity to warm up according to their individual
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warm-up habits. All participants played the tasks on their
own trumpet and mouthpiece.

The subjects performed the following playing tasks: a
long mf G4 (task no. 1), a G major scale up to the individ-
ually highest possible note (task no. 2), loudest possible
note (task no. 3), and a melody in the upper register (task
no. 4) (Fig. 1).

Recordings of playing tasks no. 1-3 were analyzed with
the software Praat, version 6.0.29. Praat was developed for
scientific analyses of speech, but can also be used for
analyses of sound, as it shows the exact pitch and dynam-
ics of tones as well as their spectrums. Tones had to be
stable in terms of intonation and tone spectrum in order to
be included in the analysis. Fluctuations of more than a
quarter tone in intonation and lack of overtones are well
visible in Praat, so that tones with these characteristics
were not used for the analyses, as they would also not be
labeled “musically useful” in classical music. The
researcher, who is also a professional musician, listened to
the tones and included only those tones which met the
objective criteria made visible by Praat.

For task no. 1, subjects were told to play a G4 (392 Hz)
as long as possible while keeping the dynamics between 90
and 95 dB(A), which they could monitor on the SPL meter
display. A G4 at 90 to 95 dB(A) on the SPL meter sounded
mf in the examination room. For a professional trumpet
player, playing a mf G4 is comfortable. The goal of this
task was to check the players’ airflow and embouchure



control, i.e., how they used their air in order to play as long
and as stable as possible.

For task no. 2, subjects were asked to play a non-legato
G-major scale starting from G4 down to G3 and then up
to as high as possible. The goal was to determine the high-
est note the player could play on that day.

For task no. 3, subjects were told to play the individual
tones of a G-major triad (G4 392 Hz, B4 494 Hz, D5 587 Hz,
G5 784 Hz, B5 988 Hz, and D6 1175 Hz) as loud as possible
for 3 to 4 seconds. The goal was to determine the highest
intensity (measured in dB(A)), i.e., the loudest the player
could play on that day.

For task no. 4, subjects were asked to play the first eight
bars of a well-known score among professional trumpet
players, the second movement of Haydn’s trumpet con-
certo, transposed an octave higher. The goal of this task
was to investigate the subjective level of effort or RPE
during musical playing by using the Borg scale. The Borg
scale was chosen for its reliability to measure fatigue (25)
and its ability to indicate physical load (26). On a scale from
6 to 20, represented in colors, words and numbers, partici-
pants rated their subjective effort of playing task no. 4.

MEP Measurements

MEP and VC were measured with a desktop calibrated
spirometer in compliance with the guidelines of the Amer-
ican Thoracic Society (ATS) and the European Respira-
tory Society (ERS) (27). To obtain MEP, subjects inhaled to
total lung capacity and then exhaled into the device
against the resistance of the pressure transducer as force-
fully as possible. The maximum push had to be held for 1
to 2 seconds in order to count. Three repetitions, with
breaks of 30 to 60 seconds between maneuvers, were exe-
cuted. The highest value was taken for statistics. VC was
collected to ensure that no participant showed abnormal
values in comparison to reference values regarding gender,
age, height and weight.

Intervention

The intervention consisted of a strength training of the
expiratory muscles (EMST), executed with the EMST 1500
device (Aspire Products LLC, Cedar Point, NC, USA).
The EMST1500 is a calibrated, one-way, spring-loaded
valve in which the participant blows into as hard as possi-
ble (28). All participants received their own EMST1500
device and trained individually at home five times a week
for 5 weeks. The days with no training were chosen indi-
vidually by each of the participants and this was docu-
mented in their practice and exercise diary.

Based on previous studies (14), the resistance of the
EMST 1500 device was set at 55-60% of MEP and 25 repeti-
tions in five sets of five repetitions, with a break of 15 sec-
onds between repetitions and a break of 1 minute between
sets. The resistance level was chosen in order to train in a
way that is as close as possible to blowing into the trumpet,

which considers the aspect of specificity of training (28). Fur-
thermore, the resistance level had to be in accordance with
the general rules of strength training to lead to an increase
in power and hypertrophy of the muscles trained (29).

The resistance of the EMST1500 device was adjusted
weekly to the measured at MEP, so the targeted 55-60% of
MEP would be reached during the following individual
training sessions. At the weekly appointments, the re-
searcher also controlled that EMST was executed correctly.

Practice and Exercise Diary

All participants filled out a daily practice and exercise
diary to document the daily amount of practice in hours,
the type of instrumental exercises that had been practiced
and whether the subjects of the intervention group did
their breathing training or not.

Data Analysis

Data from the pre- and post-intervention measurements
were analyzed. Changes over time (pre vs post) were calcu-
lated with 2-factor ANOVA. Differences between groups
at T1 and at T6 were calculated with t-test. Data were
metric per definition and normally distributed. Signifi-
cance was set at p < 0.05. Statistical program R 3.5.0 GUI
1.70 was used.

RESULTS
Demographics and Adherence

The 11 participants of the control group (A) had a mean
age of 26.3 yrs (SD 6.9) compared to the 13 participants in
the intervention group (B) with a mean age of 27.2 yrs (7.7).
Adherence to EMST in the intervention group was 100%
with an average number of training sessions of 23 times.
For both groups, the adherence to measurement appoint-
ments was 100% for pre- and post-intervention measure-
ments and 92% for the weekly measurements. There were
no dropouts.

No significant difference was detected in the amount of
time the members of each of the two groups spent playing
their instrument (p = 0.381). Participants of the control
group (A) played for a total of mean 80.3 hrs (29.2),
whereas participants of the intervention group (B) played
for a total of mean 93.5 hrs (40.9) during the 5 weeks of the
study. This is an average playing time of approximately 2.3
— 2.7 hours per day.

MEP

MEP values from pre- and post-intervention within and
between groups were used. MEP measurements of Group A
(control) at pre-intervention were mean 212 cmH,O (SD
37), while group B (intervention) participants’ measures
were mean 213 cmH,O (35), showing no significant differ-
ence (p = 0.965) between the two groups. The comparison
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FIGURE 2. Mean values of MEP in groups A (control) and
B (intervention) pre and post 5 weeks of EMST.

between the two groups after the intervention was also not
significant (p=0.115). After EMST, control group A reached
a mean 218 cmH,O (34) with no significant change (p =
0.697) to pre-EMST, whereas group B increased their MEP
significantly to mean 241 cmH,O (34) (p = 0.049) (Fig. 2).

Performance
Length of G4

Participants of the intervention group B maintained the
same maximal length when playing a G4 after the 5 weeks,
while for the control group A, the mean length decreased
by 3 seconds. Group A pre: mean length 31.34 sec (SD
5.68), Cl. mean 3.82. Group A post: mean length 28.13 sec
(5.23), Cl. mean 3.51, p = 0.1845. Group B pre: mean length
33.00 sec (8.21), Cl. mean 4.96. Group B post: mean length
32.84 sec (7.08), Cl. mean 4.28, p= 0.9506 (Fig. 3).

Maximal Intensities (Loud Notes)
of G4, B4, D5, G5, B5 and D6

Mean values of the maximal intensity (how loud one can
play in dB(A)) of the six selected isolated notes (G4 392 Hz,
B4 494Hz, D5 587 Hz, G5 784 Hz, B5 988 Hz, and D6 1175
Hz) did not change significantly over time, in or between
groups. Differences, if existent, were plus or minus 1 deci-
bel maximum, which is within measuring tolerance and
cannot be accounted as an actual difference in dynamics.
Group A pre: PowG4 mean 81.49 dB (SD 1.62), CL
mean 1.09. PowB4 mean 82.22 dB (1.43), Cl. mean 0.06.
PowD5 mean 82.52 dB (1.29), Cl. mean 0.87. PowG5 mean
83.17 dB(1.30), Cl. mean 0.87. PowB5 mean 81.68 dB (2.07),
Cl. mean 1.39. PowD6 mean 81.71 dB (2.63), Cl. mean 1.77.
Group A post: PowG4 mean 80.59 dB (SD 1.39), CL
mean 0.93. PowB4 mean 81.15 dB (1.87), Cl. mean 1.26.
PowD5 mean 81.69 dB (1.39), Cl. mean 0.94. PowG5 mean
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FIGURE 3. Mean of the maximal length in seconds to
play a G4 in mf (90-95 dB(A) in 50 cm distance) pre and
post 5 weeks of EMST.

83.15 dB (1.80), Cl. mean 1.21. PowB5 mean 81.05 dB (2.20),

Cl. mean 1.48. PowD6 mean 81.08 dB (2.68), Cl. mean 1.80.
p-Values group A: G4 p = 0.1762, B4 p = 0.1446, D5 p =

0.1623, G5 p = 0.9775, B5 p = 0.4931, D6 p = 0.5828.

Group B pre: PowG4 mean 81.41 dB (SD 2.01), Cl. mean
1.22. PowB4 mean 82.22 dB (2.26), Cl. mean 1.36. PowD5
mean 82.22 dB (1.37), Cl. mean 0.83. PowG5 mean 83.06 dB
(1.47), Cl. mean 0.83. PowB5 mean 82.51 dB (2.41), CL
mean 1.46. PowD6 mean 83.24 dB (2.87), Cl. mean 1.74.

Group B post: PowG4 mean 81.50 dB (SD 0.92), CL
mean 0.56. PowB4 mean 81.94 dB (0.78), Cl. mean 0.47.
PowD5 mean 81.67 dB (1.23), Cl. mean 0.74. PowG5 mean
83.49 dB(1.51), Cl. mean 0.91. PowB5 mean 81.64 dB (2.29),
Cl. mean 1.38. PowD6 mean 81.56 dB (2.89), Cl. mean 1.74.
p-Values group B: G4 p = 0.8768, B4 p = 0.6768, D5 p =
0.2905, G5 p = 0.4672, B5 p = 0.3513, D6 p = 0.1496.

Pitch of Highest Tone (Playing Range)

The ability to play higher tones did not change signifi-
cantly in any of the groups. In average, the highest tone
that subjects of both groups were able to play was an E6
(1319 Hz) or MIDI 68 (Fig. 4). After the 5 weeks, the mean
highest tone of the players of the control group A
decreased slightly to a D#6 (1245 Hz, MIDI 67). Subjects of
intervention group B maintained the same mean highest
tone pre and post training.

Group A pre: mean pitch MIDI 68 (SD 2.44), Cl. mean
1.64. Group A post: mean pitch MIDI 67 (2.70), Cl. mean
1.81, p = 0.3328. Group B pre: mean pitch MIDI 68 (2.07),
CL mean 1.25. Group B post: mean pitch MIDI 67.84
(1.67), Cl. mean 1.01, p = 0.6812.

RPE

RPE stayed the same pre and post training in both groups.
The difference between groups was also not significant
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FIGURE 4. Mean values of the highest tone (pitch as
MIDI value; E6 = midi 68) pre and post 5 weeks of EMST.

(Fig. 5). Group A pre: mean Borg 15.27 (SD 1.55), Cl. mean
1.04. Group A post: mean Borg 14.72 (1.34), Cl. mean 0.90,
p =0.3899. Group B pre: mean Borg 13.69 (1.97), Cl. mean
1.19. Group B post: mean Borg 14.38 (2.95), Cl. mean 1.78,
b =0.4896.

DISCUSSION

Prior work has documented the effectiveness of EMST on
MEDP, both in healthy and diseased populations. In healthy
populations, including athletes, high-risk voice users and
wind instrument musicians, MEP also increases signifi-
cantly after EMST (17-19,20,30).

In this study, where the effect of EMST on MEP, RPE,
and performance (maxima of sound intensity and tone
duration as well as the highest possible tone played) was
tested in professional trumpet players, it was found that
MEP had increased significantly after EMST, whereas RPE
and performance parameters had not changed signifi-
cantly or had even remained unchanged.

Change in MEP

The increase of MEP in the intervention group is in general
agreement with previous EMST studies and was somehow
predictable, as the EMST intervention followed the general
principles of strength training. However, the percentage of
MEP post-intervention rise differs widely among published
studies, some of which report no increase of MEP after
EMST. In this study, MEP significantly increased by 13% (p
=0.049). Other studies investigating healthy subjects of sim-
ilar age and gender surpass this result with rises of 25% (31),
30% (32), 45% (18), and 68% (19). These results stand in con-
tradiction to Wells et al. (30) and Griffiths and McConnell
(17), who could not find a rise of MEP after EMST.

A rise of 13% in MEP might not seem very high at first,
but considering the initial high level at 212 and 213
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FIGURE 5. Mean values of RPE to play a phrase in a high
register in groups A (control) and B (intervention group)
pre and post 5 weeks of EMST.

c¢mH, O, this percentage can be interpreted as understand-
able indeed. When starting below normal values, as in
Woodberry et al. (19) with 125 cmH,O, a rise of 68% up to
211 emH,O is possibly easier to attain. On the other hand,
enhancing something that is already above normal
expected values might require more effort than improving
something under normal expected values.

American Thoracic Society (ATS) and European Respi-
ratory Society (ERS) suggest predicted normal MEP values
of 140-150 ¢cmH,O for males (20). Wilson et al. (33)
reported a prediction equation for normal MEP values
that goes as follows: 180 — (0.91 x age). According to this
equation, the predicted MEP would be 156 cmH,O for the
population of this study with an average age of 26.8 years.
As mentioned above, the subjects of this study started at
136% of their predicted MEP (212 and 213 cmH,O) and fin-
ished respectively at 140% and 155% of predicted MEP (218
and 241 cmH,O).

Seen from a mere physical point of view, high pre-inter-
vention MEP values imply small post-intervention
increase due to typical plateau reaching during training.
As regards the control group, the MEP small rise (from 212
to 218 cmH,O) could result from a learning effect.

Impact on Performance

Although participants increased their MEP, the perform-
ance of the participants from the intervention group did
not seem to benefit from this strength gain. These results
are similar to those of previous studies investigating the
effect of EMST on performance in athletes and wind
instrument musicians, where no impact of an increased
MEP on performance was found so far (19,30,32).

The lack of evidence of expiratory muscle strength
gains on performance is surprising insofar as studies inves-
tigating inspiratory muscle strength training (IMST) hasve
shown that athletes of different disciplines had improved
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their performance outcomes after IMST (17,34-36). Stud-
ies on the effect of interventions including EMST, IMST
and combined EMST /IMST in the same population
reported that the effects of IMST on performance seem to
surpass those of EMST or the ones of combined EMST /
IMST (Dries et al., 20). Dries et al. (20) documented
changes in sound after saxophone players had executed
combined EMST /IMST. This is analogous to Illi et al.
(37), who demonstrated that combined EMST /IMST
impacted more performance than EMST or IMST alone.

For the authors it remains unclear, why EMST does not
seem to induce a performance enhancement in the way
IMST does. Similar to their MEP values, it could be
assumed that participants of this study had reached a per-
formance plateau or at least a very high-end level in their
playing, which cannot be easily enhanced further. It would
have to be investigated in more detail though, whether this
plateau is already reached in normal healthy populations
or only in high-end performers such as athletes or wind
instrument musicians.

Two hypotheses of this study were that trumpet players
could play louder and higher after EMST. This was not the
case, as highest pitch remained the same and dynamics
either stayed the same, or in- or decreased only by 1 dB.
According to Bertsch (13), intention includes what the
player wants to play, whereas realization is characterized
by motivation, concentration and frame of mind. Arnold
Jacobs (in Stewart, 38) went as far as to state that: “The
important thing is not what you sound like, it’s what you
want to sound like.” Although participants were told to
play as loud and high as possible and to give their very
best, they might not have been mentally as focused as they
would have been in a concert situation. However, for
mental preparation, there is no scientific foundation for
this assumption, but this example emphasizes the com-
plexity of tone production and also the limitations of the
study setting.

Implications for Pedagogical Practice

Although participants showed a higher MEP and there-
fore increased strength in their expiratory muscles after
EMST, they were not able to use this strength gain to
enhance their playing. This finding requires deeper inves-
tigation into some factors of trumpet playing and sound
production.

According to Bertsch (13), the trumpet sound depends
on 58 different variables, from which lung function and
constitution of participating muscle groups are only two.
All variables depend more or less on each other, which
means that, for example, the strength of the expiratory
muscles can only be used efficiently for playing if other
directly related parameters, such as the strength of facial
muscles or the coordination of embouchure are trained at
a similar level. If facial muscles are too weak in relation to
expiratory muscles, a high intraoral pressure cannot be
built up despite strong expiratory muscles because the lips
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will open to the sides and air will leak out. Therefore, play-
ers and pedagogues should always focus on a broad spec-
trum of exercises that synchronously enhances all vari-
ables or at least the ones related directly to each other. If
additional breathing exercises are applied in trumpet les-
sons, care should be taken that related factors are prac-
ticed as well.

Limitations

One of the challenges with EMST studies is the lack of
gold standard. Although many studies were conducted
with a load of 75% of MEP, a total duration of 5 weeks and
a training frequency of 25 repetitions five times per week,
other training regimens of shorter time, lower intensity of
different frequency also produced successful results. This,
plus other studies investigating mixed wind instruments
with a different pressure and airflow situation, make com-
parison of studies difficult.

Conclusion

EMST increases MEP. As high and loud notes on the
trumpet require high intraoral pressure, an increase in
MEP ought, in theory, subsequently facilitate the playing
of higher and louder tones. In order to verify if systematic
EMST has an impact on performance, this study tested
whether the intervention influenced playing performance
and physiological factors. After 5 weeks of EMST, MEP
increased significantly by 13% in the intervention group (p
= 0.049). In the control group, no significant change of
MEP was found. Performance parameters had not
changed in any of the groups. Regardless of their group,
participants did not play significantly louder, higher, or
longer in the final measurement compared to the initial
measurement. Furthermore, RPE did not change after the
5 weeks.

Therefore, recommendations for EMST have to be cau-
tious, at least for a population of professional male trum-
pet players with a well-trained respiratory system, for
whom EMST might not be the most efficient strategy to
improve performance. That being said, EMST could be
beneficial and an interesting addition to instrumental
practice for other populations with naturally (still) lower
MEPs, such as women, adolescents, or amateurs who
might want to increase their current MEP values. How-
ever, this assumption has to be investigated in the future.

If trumpet players—regardless of their playing level, age
or gender—want to perform EMST, they should be aware
of the high pressures that can occur during training and
should never ignore warning signs of their bodies such as
dizziness or headache.

Based on the results of this study, the authors regard
EMST as not necessary for professional male trumpet
players possessing excellent lung function, as the effects of
EMST on playing performance do not seem to surpass the
effect of practicing alone.



Acknowledgment: The authors thank the University of Music and
Performing Arts Vienna for the opportunity to use the provided
infrastructure of the Motion-Emotion-Lab. We also thank all subjects
for their participation in the study and Matthias A. Burzler for statis-
tical support.

Data availability: The sound files and further data that support the
findings of this study are available on request from the corresponding
author [ATE]. The data are not publicly available due to their nature
that could compromise the privacy of research participants.

Author contributions: Design of the experiment: ATE, MB; data
acquisition: ATE; data analysis: ATE, MB, IC; writing of report:
ATE, MB, IC.

Editor: Prof. Dr. Eckart Altenmiiller

Peer-Reviewers:
Jochen Blum, Univ. Mainz/Klinikum Worms, Germany
1 anonymous reviewer

Open Access. This article is distributed in accordance with the Cre-
ative Commons Attribution 4.0 International license (CC BY 4.0
Int.), which permits others to copy, redistribute, and adapt this work
provided the original work is properly cited, appropriate credit is
given, and users indicate if changes were made. See: https:/ /cre-
ativecommons.org/licenses /by /4.0/.

@O

CCBY

REFERENCES

1. Schwab, B., Schultze-Florey, A. Intraorale Druckentwicklung bei
Holz- und Blechblisern. Mus Phys Mus Med. 2004; 11(4): 183-194.

2. Huber, C. Physikalische Parameter des Ansatzes bei Trompetern
[dissertation]. Wien, Institut fiir Wiener Klangstil, Univ. fir
Musik und Darstellende Kunst Wien; 2007.

3. Bouhuys, A. The Physiology of Breathing: A Textbook for Med-
ical Students. New York: Grune and Stratton, 1977.

4. Schorr-Lesnick, B., Teirstein, A.S., Brown, L.K., Miller, A. Pul-
monary function in singers and wind-instrument players. Chest.
1985; 88(2): 201-205.

5.  Ksinopoulou, H., Hatzoglou, C., Daniil, Z., et al. Ergospirometry
findings in wind instrument players and opera singers. Int ]
Occup Environ Med. 2017 Jan;8(1):60-1. https:/ /doi.org/ 10.
15171 /ijoem.2017.969

6.. Bouros, E., Protogerou, V., Castana, O., Vasilopoulos, G. Respi-
ratory function in wind instrument players. Mater Sociomed.
2018 Oct; 30(3):204-208. https:/ /doi.org/10.5455/msm.2018.
30.204-208

7. Studer, L., Schumann, D.M., Stalder-Siebeneichler, A., et al.
Does trumpet playing affect lung function? A case-control study.
PLoS One. 2019 May 2;14(5):e0215781. https:/ /doi.org/doi.
org/10.1371 /journal.pone.0215781

8. Fuks, L., Sundberg, J. Blowing pressures in reed woodwind
instruments. TMH-QPSR. 1996; 37(3): 41-56.

9.  Fletcher, N.H., Tarnopolsky, A. Blowing pressure, power and
spectrum in trumpet playing. ] Acoust Soc Am. 1999; 105(2),
874-881. https:/ /doi.org/10.1121/1.426276

10. Fréour, V., Caussé, R., Cossette, I. Simultaneous measures of
pressure, flow and sound during trumpet playing. In: Société
Frangaise d’Acoustique, 10éme Congres Frangais d’Acoustique.
Lyon, 2010.

11. Fréour, V. Acoustic and respiratory pressure control in brass
instrument performance [dissertation]. Montreal, McGill Univ.,
2013.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Bouhuys, A. Pressure-flow events during wind instrument play-
ing. Ann NY Acad Sci. 1968; 155: 264-275. https:/ /doi.org/
10.1111/j.1749-6632.1968.th56771.x

Bertsch, M. Variabilities in trumpet sounds. In: Myers, A. Pro-
ceedings of the International Symposium of Musical Acoustics
(ISMA 1997). Alban: Institute of Acoustics, 1997, pp 401-406.
Sapienza, C.M., Troche, M.S. Respiratory Muscle Strength
Training. Theory and Practice. San Diego: Plural Publishing;
2012.

Gosselink, R., Kovacs, L., Ketelaer, P, et al. Respiratory muscle
weakness and respiratory muscle training in severely disabled
multiple sclerosis patients. Arch Phys Med Rehabil. 2000; 81(6):
747-51. https: / /doi.org/10.1016 /s0003-9993(00)90105-9
Weiner, P., McConnell, A. Respiratory muscle training in
chronic obstructive pulmonary disease: inspiratory, expiratory,
or both? Curr Opin Pulm Med. 2005; 11(2): 140-144. https://
doi.org/10.1097 /01.mcp.0000152999.18959.8a

Griffiths, L.A., McConnell, A.K. The influence of inspiratory
and expiratory muscle training upon rowing performance. Eur J
Appl Physiol. 2007; 99(5): 457-466. https:/ /doi.org/10.1007/
s00421-006-0367-6

Sapienza, C.M., Davenport, P., Martin, A.D. Expiratory muscle
training increases pressure support in high school band stu-
dents. ] Voice. 2002; 16(4): 495-501. https:/ /doi.org/10.1016/
$0892-1997(02)00125-x

Woodberry, N.S., Slesinski, J.E., Herzog, M.]., et al. Effects of
expiratory muscle strength training on lung function and musi-
cal performance in collegiate wind instrumentalists. ] Res Music
Perf. 2016. https:/ /doi.org/10.21061 /jrmp.v0i0.737

Dries, K., Vincken, W., Loeckx, J., et al. Effects of a respiratory
muscle training program on respiratory function and musical
parameters in saxophone players. ] New Music Res. 2017; 46(4):
381-393. https:/ /doi.org/10.1080,/09298215.2017.1358751
Cook, C.D., Mead, J., Orzalesi, M.M. Static volume-pressure
characteristics of the respiratory system during maximal efforts.
J Appl Physiol. 1964; 19(5): 1016-1021. https:/ /doi.org/10.
1152 /jappl.1964.19.5.1016

Clanton, T.L., Diaz, P.T. Clinical assessment of the respiratory
muscles. Phys Ther. 1995; 75(11): 983-995. https:/ /doi.org/
10.1093 /ptj /75.11.983

Bosch, D. Lunge und Atemwege. In: Lischer, T., Steffel, ].
Module innere Medizin. Berlin: Springer; 2014.

Ackermann, B.J., O’Dwyer, N., Halaki, M. The difference
between standing and sitting in 3 different seat inclinations on
abdominal muscle activity and chest and abdominal expansion
in woodwind and brass musicians. Front Psychol. 2014; Aug
25;5:913. https:/ /doi.org/10.3389 / fpsyg.2014.00913

Noble, B.J., Robertson, R.J. Perceived Exertion. Champaign IL:
Human Kinetics; 1996.

Borg, G.A.V. Psychophysical bases of perceived exertion. Med
Sci Sports Exerc, 1982;14(5): 377-381. https: / /doi.org/10.1249 /
00005768-198205000-00012

ATS/ERS. American Thoracic Society/European Respiratory
Society. ATS/ERS Statement on respiratory muscle testing. Am
] Respir Crit Care Med. 2002;166(4): 518-624. https:/ /doi.org/
10.1164/1ccm.166.4.518

Sapienza, C.M., Wheeler, K. Respiratory muscle strength train-
ing: Functional outcome versus plasticity. Semin Speech Lang.
2006; 27(4): 236-244. https:/ /doi.org/10.1055/5-2006-955114
Siff, M.C. Supertraining, 6th ed. Denver: Supertraining Institute,
2003.

Wells, G.D., Plyley, M., Thomas, S., et al. Effects of concurrent
inspiratory and expiratory muscle training on respiratory and
exercise performance in competitive swimmers. Eur ] Appl Phys-
iol. 2005; 94(5-6): 527-540. https:/ /doi.org/10.1007 /s00421-
005-1375-7.

Suzuki, S., Sato, M., Okubo, T. Expiratory muscle training and
sensation of respiratory effort during exercise in normal sub-

March 2024 25


https://doi.org/10.15171%2Fijoem.2017.969
https://doi.org/10.15171%2Fijoem.2017.969
https://doi.org/10.15171%2Fijoem.2017.969
https://doi.org/10.5455/msm.2018.30.204-208
https://doi.org/10.5455/msm.2018.30.204-208
https://doi.org/10.5455/msm.2018.30.204-208
https://doi.org/10.1371/journal.pone.0215781
https://doi.org/10.1371/journal.pone.0215781
https://doi.org/10.1371/journal.pone.0215781
http://dx.doi.org/10.21061/jrmp.v0i0.737
https://doi.org/10.3389/fpsyg.2014.00913

32.

33.

34.

35.

jects. Thorax. 1995; 50(4): 366-370. https:/ /doi.org/10.1136/
thx.50.4.366

Bernhardt, V. The effects of respiratory muscle training on
strength and performance in collegiate swimmers and on the
thalamic gene expression in a rat model [dissertation]. Univ. of
Florida, 2010.

Wilson, S.H., Cooke, N.T., Edwards, R.H.T., Spiro, S.G. Pre-
dicted normal values for maximal respiratory pressures in cau-
casian adults and children. Thorax. 1984; 39(7): 535-538.
https:/ /doi.org/10.1136 /thx.39.7.535

Volianitis, S., McConnell, A.K., Koutedakis, Y., et al. Inspira-
tory muscle training improves rowing performance. Med Sci
Sports Exerc. 2001; 33(5): 803-809. https:/ /doi.org/10.1097 /
00005768-200105000-00020

Romer, L.M., McConnell, A.K., Jones, D.A. Effects of inspira-
tory muscle training on time-trial performance in trained
cyclists. J Sports Sci. 2002; 20(7): 547-562. https:/ /doi.org/
10.1080,/026404102760000053

26 Medical Problems of Performing Artists

36. Kilding, A.E., Brown, S., McConnell, A.K. Inspiratory muscle
training improves 100 and 200m swimming performance. Eur ]
Appl Physiol. 2010; 108(3): 505-511. https:/ /doi.org/10.1007 /
500421-009-1228-x

37. 1lli, SK., Held, U, Frank, L., Spengler, C.M. Effect of respiratory
muscle training on exercise performance in healthy individuals:
a systematic review and meta-analysis. Sports Med. 2012; 42(8):
707-724. https:/ /doi.org /10.1007 /BF03262290

38. Stewart, M.D. Arnold Jacobs: The Legacy of a Master. North-
field: Instrumentalist Publishing Company; 1987.

Received 28-Mar-2023, accepted 10-Oct-2023

Published online 1-Mar-2024

https:/ /doi.org/10.21091 /mppa.2024.1003

© 2024 by the Author(s). Open Access: Licensed under CC-BY-4.0
Int.





