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Abstract
Background: It has been shown that musicians are at risk of noise-induced hearing loss. The aim of the study has been to evaluate 
the temporary changes of hearing in the case of orchestral musicians after group rehearsals. Material and Methods: The study 
group comprised  18 orchestral musicians, aged 30–58  years old (mean: 40  years old) having 12–40 years (mean: 22  years) of 
professional experience. The  temporary changes in hearing after group rehearsals were determined using transient-evoked 
otoacoustic emissions  (TEOAEs). Noise exposures during group rehearsals were also evaluated. Results: Musicians’ hearing 
threshold levels were higher  (worse) than expected for the equivalent non-noise-exposed population. Moreover, the high fre-
quency notched audiograms were observed in some of them. After rehearsals, during which musicians were exposed to orches-
tral noise at A-weighted equivalent-continuous sound pressure level (normalized to 8-h working day) varied from 75.6–83.1 dB 
(mean:  79.4  dB). The  significant post-exposure reductions of  TEOAE amplitudes  (approx.  0.7  dB) both for the  total response 
and frequency bands of 2000 and 3000 Hz were noted. However, there were no significant differences between pre- and post-
exposure reproducibility of TEOAE. Conclusions: Obtained results have confirmed that orchestral musicians are at risk of hear-
ing loss due to their professional activities, even at exposures to orchestral noise less than the limit values for occupational noise.  
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Streszczenie
Wstęp: Wykazano, że  muzycy narażeni są na ryzyko utraty słuchu wywołanej hałasem. Celem pracy była ocena czasow-
ych zmian słuchu u  muzyków orkiestrowych po udziale w  próbach zespołowych. Materiał i  metody: Badana grupa składała 
się z 18 muzyków orkiestrowych w wieku 20–58 lat (średnia: 40 lat) o stażu zawodowym 12–40 lat (średnia: 22 lata). Czasowe 
zmiany słuchu po próbach zespołowych wyznaczono na podstawie wyników badań emisji otoakustycznych przejściowych 
(transient-evoked otoacoustic emissions – TEOAE). Oceniono również poziom ekspozycji na hałas podczas prób zespołowych. 
Wyniki: Próg słuchu muzyków był wyższy (gorszy) niż oczekiwany w równoważnej populacji nienarażonej na hałas. Ponadto 
w audiogramach części muzyków zaobserwowano „załamki” typowe dla działania hałasu wysokoczęstotliwościowe. Po próbach 
zespołowych, podczas których muzycy byli narażeni na hałas orkiestrowy o poziomie ekspozycji na hałas odniesiony do 8-godzin-
nego dnia pracy (skorygowany charakterystyką częstotliwościową  A) o  wartościach  75,6–83,1  dB (średnia:  79,4  dB), zaobser-
wowano statystycznie istotne obniżenie amplitudy TEOAE (ok. 0,7 dB), zarówno w przypadku zbiorczej odpowiedzi, jak i w pas-
mach  2000 i  3000  Hz. Nie stwierdzono jednak istotnych różnic między wynikami powtarzalności  TEOAE przed ekspozycją 
i  po ekspozycji. Wnioski: Uzyskane wyniki potwierdzają, że  praca muzyków orkiestrowych wiąże się z  ryzykiem uszkodze-
nia słuchu, nawet przy ekspozycji na hałas orkiestrowy nieprzekraczającej wartości dopuszczalnych dla hałasu w miejscu pracy.  
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report any health problems associated with hear-
ing. The  study group comprised a viola  (2  persons), 
a flute (1 person), a harp (1 person), a violin (5 persons), 
an oboe (1 person) a clarinet (1 person), drums (2 per-
sons), trombones (2 persons), a trumpet (1 person), and 
horns (2 persons).

All musicians filled a questionnaire developed to en-
able identification of occupational and non-occupation-
al risk factors for noise-induced hearing loss  (NIHL). 
The musicians’ exposures to excessive sounds were as-
sessed from the  results of sound pressure level meas-
urements which were performed during collective re- 
hearsals that were preceded and followed by hearing 
tests. Those measurements were carried out accord-
ing to the  methods described in PN-N-01307  [7] and 
ISO  9612  [8] using Svantek analyzer type SVAN  958 
(prod.  Svantek, Poland) as an  integrating-averaging 
sound level meter and Brüel and Kjær personal noise 
dose meters Bruel and type BK 4443.

The  aforesaid sound pressure level measurements 
were performed in a  rehearsal room during prepara-
tion for a concert aimed to present arias of Italian operas 
(by Giuseppe Verdi, Giacomo Puccini, Gioachino Ros-
sini,  etc.). The results of noise measurement and ques-
tionnaire were described in details elsewhere [9–11]. 

Musicians’ hearing was assessed using both pure 
tone audiometry  (PTA) and  TEOAE before the  start of 
rehearsals. The  pure-tone audiometric tests were per-
formed at audiometric frequencies: 1 kHz, 2 kHz, 3 kHz,  
4  kHz,  6  kHz, and  8  kHz using a  tonal audiometer  
Traveler Audio Audiometer type 222 (Interacoustics).

Immediately after the  end of a rehearsal, i.e.,  after 
exposure to orchestral noise, the TEOAE tests were re-
peated. A scout otoacoustic emission system ver. 3.45.00 
(Bio-logic System Corp.) was applied for recording and 
analyzing otoacoustic emissions. Transient-evoked oto- 
acoustic emission recordings of  260  in average each 
were collected for every subject at stimuli levels of 
about  80  dB, using standard clicks. The  artefact rejec-
tion level was set at  20  mPa. Each response was win-
dowed 3.5–16.6 ms post stimulus and band-pass filtered 
0–6000 Hz. The whole TEOAE response in the frequency 
band 1–4 kHz and the TEOAE amplitude levels for fre-
quency bands with central frequencies 1 kHz, 1.5 kHz, 
2 kHz, 3 kHz and 4 kHz were examined. Both hearing 
tests were carried out in a philharmonic building, in 
a quiet room where the A-weighted sound pressure level 
of background noise did not exceed 35 dB.

Audiograms were used for the purpose of verifica-
tion of musicians’ self-reported hearing status. In ad-

INTRODUCTION

Potential risk of noise-induced hearing loss due to loud 
music exposure has been widely investigated in musi-
cians and people exposed to it. The result of surveys is 
ambiguous but it is supposed that the auditory symp-
toms are associated with exposure to music and that 
advanced audiological tests may be more useful for 
hearing tests of persons exposed to music, especially 
in the early stage of hearing damage. The review of re-
search is presented in [1].

Orchestral musicians represent a  professional gro-
up exposed to excessive sounds  (so-called “orchestral 
noise”) at levels exceeding permissible values for oc-
cupational noise. In spite of significant differences be-
tween the  industrial noise and sounds that musicians 
are exposed to, many studies have shown changes in 
hearing caused by music [1–3]. Deterioration of musi-
cians’ hearing applies to both permanent and tempo-
rary changes in hearing [1,4].

It is commonly known that exposure to exces-
sive sounds  (noise) may cause temporary changes in 
hearing. Moreover, it is believed that multiple and re-
peated exposure causes temporary changes leading to 
permanent hearing loss. Some studies have confirmed 
the  presence of temporary threshold shift after usual 
musicians’ activities, such as exercises, rehearsals and 
performances [5].

It has been suggested that otoacoustic emissions, 
particularly transient-evoked otoacoustic emissions   
(TEOAEs) are more sensitive in the  assessment of au-
ditory function than pure-tone audiometric one (PTA) 
and may be more useful for detecting both noise induced 
short-term hearing changes and early hearing loss [6].

The  aim of this study has been to assess the  tem-
porary changes in hearing measured by means of the   
TEOAE after group rehearsals in the case of profes-
sional orchestral musicians. 

MATERIAL AND METHODS 

The study on temporary hearing changes caused by ex-
posure to excessive sounds was conducted for a philhar-
monic orchestra during collective rehearsals. The study 
group comprised only professional musicians, who vol-
untarily decided to participate in hearing tests.

Participants included 18 musicians of philharmonic 
orchestras, aged 30–58 years old (mean: 40 years old), 
having 12–40  years (mean:  22  years) of professional 
experience. All of them were volunteers who did not 
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dition, the actual audiometric hearing threshold levels  
determined in orchestral musicians were compared with 
the predicted hearing loss according to ISO 1999 [12].

Due to the  large number of factors that may affect 
the results of TEOAE performed before and after expo-
sure to noise orchestra, in this study, the effect of risk fac-
tors, other than exposure to noise, have not been taken 
into account because of a small size of the  study group  
and the significant variation in the status hearing subjects.

Statistical analysis of temporary changes in the TEAOE 
amplitude levels and signal to noise ratio  (at frequency 
bands of 1000 Hz, 1500 Hz, 2000 Hz, 3000 Hz, 4000 Hz 
and for total response) was made using non-parametric 
tests for the dependent variables, i.e., Wilcoxon matched 
pair and Sign tests. Cases with the TEOAE amplitude be-
low noise level were excluded from the analysis. 

The  differences between post- and pre-exposure 
amplitudes of  TEOAE were evaluated using linear 
regression  (at different frequencies and for total re-
sponse). The intercept of the linear function with post 
exposure  TEOAE amplitude axis was interpreted as 
the average change in the amplitude of TEOAE caused 
by exposure to orchestral noise in the study group.

All statistical tests were made with an assumed level 
of significance p < 0.05. The STATISTICA (version 6.1) 
software package was employed for the purpose of the 
statistical analysis of the data.

The  study protocol was approved by the  Ethics  
Committee of the  Nofer Institute of Occupational 
Medicine, Łódź, Poland  (decision No.  9/2010) and all 

subjects gave their written consents for participation  
in the examinations.

RESULTS

According to our previous results, musicians playing 
various instruments are subjected to varying exposures 
to sounds. These exposures vary considerably over time, 
and strongly depend on the repertoire. In order to illus-
trate the levels of noise, to which the musicians are ex-
posed while playing instruments, the Table 1 presents 
aggregate results of measurements of sound pressure 
levels at positions of musicians playing various instru-
ments [9–11]. 

The  details concerning the  study group including  
A-weighted noise exposure level normalized to a  40-h 
nominal working week (LEX,w) with respect to a weekly 
time of playing instruments declared by musicians) are 
shown in the Table 2. The LEX,w values were estimated 
based on the results of our previous studies [9–11] and 
on a weekly time of playing an instrument declared 
by musicians. This table also presents data on the   
A-weighted noise exposure level during analyzed re-
hearsals (between TEOAE tests) normalized to a nomi-
nal  8-h working day  (LEX,8h). As it has been proven, 
during rehearsals the  study subjects were exposed to 
orchestral noise at levels below the limit values for oc-
cupational noise (< 85 dB). 

It was found that 5 subjects had notched audiograms 
at high frequencies. The notched audiograms were the 

Table 1. Sound pressure levels measured during group rehearsals in orchestral musicians [9–11]
Tabela 1. Poziom ciśnienia akustycznego zmierzony podczas prób grupowych muzyków orkiestrowych [9–11]

Instrument LAeq,T+U
[dB]

LAmax
(range)
(zakres)

[dB]

LCpeak
(range)
(zakres)

[dB]

Violin / Skrzypce 84.6+2.7 90.6–107.1 106.6–131.8

Viola / Altówka 84.7+3.0 89.9–105.9 104.4–120.8

Clarinet / Klarnet 87.6+4.5 93.8–108.1 104.7–126.6

Oboe / Obój 88.1+3.6 95.7–108.3 112.5–124.7

Flute / Flet 87.8+4.0 94.7–109.2 106.8–133.5

Trombone / Puzon 90.1+4.8 96.1–111.2 115.7–128.3

Percussion / Perkusja 87.1+4.0 86.7–112.0 105.0–135.5

Harp / Harfa 83.3+3.8 91.8–101.6 110.0–125.1

LAeq,T – A-weighted equivalent continuous sound pressure level / równoważny poziom dźwięku skorygowany charakterystyką częstotliwościową A; LAmax – A-weighted maxi-
mum sound pressure level / maksymalny poziom dźwięku skorygowany charakterystyką częstotliwościową A; LCpeak – C-weighted peak sound pressure level / szczytowy pozi-
om dźwięku skorygowany charakterystyką częstotliwościową C; U – expanded uncertainty for a one-side confidence interval of 95% (with coverage factor k = 1.65) according 
to ISO 9612:2009 [8] / niepewność rozszerzona przy jednostronnym 95-procentowym poziomie ufności (ze współczynnikiem rozszerzenia k = 1,65) według ISO 9612:2009 [8].
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ones, in which the differences between the maximum 
hearing threshold at frequencies 3 kHz, 4 kHz, 6 kHz 
and hearing thresholds at frequencies 2 and 8 kHz were 
greater than or equal to 10 dB. 

Generally, the  averaged audiometric hearing thre-
shold levels of the  18  musicians (36  ears) do not ex-
ceed  15  dB  HL, which indicates a  good state of their 
hearing (Figure  1). Higher hearing threshold levels 
at the  frequencies of 4000 Hz, 6000 Hz and 8000 Hz 
were only observed in the case of subjects over the age  
of 40 years old.

Musicians’ hearing threshold levels  (at  2000, 4000 
and  6000  Hz) were higher than expected for age- and 
gender-comparable non-noise-exposed population ac-
cording to ISO 1999 [12]. The observed increase in hearing 
thresholds below 1500 Hz was probably related to the con-
ditions, under which hearing tests were conducted, i.e., in 
a quiet room (with background noise up to 35 dB(A)) in 
the philharmonic building instead of a sound-proof cabin.

The TEOAE results are presented in the Table 3 and 
Figures 2–4. As it has been proven, the TEOAE ampli-
tude reduction was observed at all tested frequencies.

Table 2. Characteristics of the study group
Tabela 2. Charakterystyka badanej grupy

Variable
Zmienna

Respondents
Badani

(N = 18)

Percentile
Percentyl

M SD 10 25 50 75 90

Age [years] / Wiek [w latach] 39.4 9.6 30.0 32.0 36.0 44.0 56.0

Duration of a musician’s activity [years] / Okres aktywności muzycznej [w latach]1 23.7 8.1 15.0 17.0 23.0 30.0 33.0

Time of playing an instrument [h/week] / Czas gry na instrumencie [godz./tydzień] 29.3 5.2 20.0 28.0 30.0 32.0 35.0

LEX,40 h [dB]2 84.3 2.6 81.5 82.5 84.4 86.2 87.8

Time of exposure to excessive sounds (music during rehearsals) /  
/ Czas ekspozycji na za głośne dźwięki (na muzykę w czasie prób) [min]3

182.0 76.0 91.0 133.0 189.0 243.0 272.0

LEX,8 h [dB]4 79.4 3.8 76.5 77.8 80.1 81.9 83.1

M – mean / średnia, SD – standard deviation / odchylenie standardowe.  
1 Including college period (5 years) / W tym okres studiów (5 lat).
2 A-weighted noise exposure level normalized to a 40-h nominal working week (with respect to weekly time of playing instruments declared by musicians) / Poziom ekspozycji na 
hałas odniesiony do 40-godzinnego tygodniowego wymiaru czasu pracy (z uwzględnieniem tygodniowego czasu gry na instrumentach deklarowanego przez muzyków).
3 Time between transient-evoked otoacoustic emissions (TEOAE) tests / Czas między badaniami emisji otoakustycznych przejściowych (TEOAE).
4 A-weighted noise exposure level (between TEOAE tests) normalized to a nominal 8-h nominal working day / Poziom ekspozycji na hałas (między badaniami TEOAE) odnie-
siony do 8-godzinnego dobowego wymiaru czasu pracy.

Fig. 1. The hearing threshold level in the study group compared to predicted hearing threshold levels according to ISO 1999 [12] 
in non-exposed noise population (data base A)
Ryc. 1. Progi słuchu w badanej grupie w porównaniu z przewidywanymi progami słuchu według ISO 1999 [12] 
w populacji nienarażonej na hałas (baza danych A)
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Fig. 2. Transient-evoked otoacoustic emissions (TEOAEs) tests − comparison of noise levels before and after exposure (playing instruments)
Ryc. 2. Badanie emisji otoakustycznych przejściowych (TEOAE) − porównanie poziomu szumów przed ekspozycją i po ekspozycji 
(grze na instrumentach)

Fig. 3. Transient-evoked otoacoustic emissions (TEOAEs) tests − comparison of reproducibility of responses before and after exposure 
(playing instruments)
Ryc. 3. Badanie emisji otoakustycznych przejściowych (TEOAE) − porównanie powtarzalności odpowiedzi przed ekspozycją i po ekspozycji 
(grze na instrumentach)

Fig. 4. Transient-evoked otoacoustic emissions (TEOAEs) tests − comparison of the TEOAE amplitude before and after exposure 
(playing instruments)
Ryc. 4. Badanie emisji otoakustycznych przejściowych (TEOAE) − porównanie amplitudy TEOAE przed ekspozycją i po ekspozycji 
(grze na instrumentach)
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The post-exposure temporary changes in the TEOAE 
amplitude together with the  results of the  statistical 
tests are given in the Table  4. Statistically significant 
reduction of the TEOAE amplitude (for total response 
and at frequency bands of 2000 Hz and 3000 Hz) was 
noted after a rehearsal. The deterioration of whole am-
plitude in the frequency range 1–4 kHz reached 0.7 dB. 
The  comparison of the  post- and pre-exposure noise 
level revealed significant difference only at the frequen-
cy of 4000 Hz. 

DISCUSSION

The  comparison of the  post- and pre-exposure noise  
level of noise in the test before and after exposure show-
ed only the  differences at the  frequency of  4000  Hz, 
which might be due to high frequency hearing losses 
in the  study group. Statistically significant reduction 
in the TEOAE amplitude (for total response and at fre-
quency bands of 2000 Hz and 3000 Hz) was observed 
after exposure to excessive sounds during a rehearsal. 
The  aforesaid changes were observed after exposure 
to orchestral noise at relatively low sound exposure 
level related to a 8-h working day  (~80 dB). It should 
be remembered that the  sound pressure levels occur-
ring during collective rehearsals of orchestras are rela-
tively high especially in cases of wind instruments and 

percussion (Table 1). In the latter case, sound pressure 
levels may exceed the  admissible values of  A-weight-
ed maximum sound level  LAmax and  C-weighted peak 
sound level LCpeak for occupational noise [13].

Earlier, the post-exposure reductions in the TEOAE 
amplitude were also observed in other studies concern-
ing music exposure [6,14]. For example, Libbin [6] – in 
the case of college marching band members and Santos 
et al. [14] – in the case of disc jockeys noted temporary 
variations in TEAOEs in all tested frequencies. However, 
in those studies, sound exposure levels were higher and 
amounted to 85–105 dB and 93.2–109.7 dB, respectively. 
Also, in the case of CD players, the TEOAE reduction 
was observed after exposure to music corresponding to 
the daily noise exposure (LEX,8h) 77–83 dB [2,4]. It should 
be stressed that the  reduction of transient otoacoustic 
emissions  (TEOAE) was determined with high uncer-
tainty. In the future, the size of the study groups should 
be increased not only in order to reduce uncertainty but 
also in order to analyze the effects of other risk factors 
than exposure to orchestral noise.

CONCLUSIONS

Despite the unknown mechanism which causes tempo-
rary variations, it is believed that multiple and repeated 
exposures which cause temporary changes in hearing 

Table 4. The post-exposure temporary changes in the transient-evoked otoacoustic emissions (TEOAEs) amplitude 
(at different frequencies and for total response in the frequency band 1–4 kHz) together with results of statistical tests
Tabela 4. Czasowe zmiany amplitudy emisji otoakustycznych przejściowych (TEOAE) po ekspozycji 
(dla różnych częstotliwości i dla odpowiedzi zbiorczej w częstotliwości pasma 1–4 kHz) wraz z wynikami testów statystycznych

Frequency
Częstotliwość

[kHz]

Wilcoxon matched pair Test
Test Wicoxona par skojarzonych

Amplitude 
reduction 
±95% CI
Redukcja 
amplitudy 
±95% CI

[dB]

level of noise
poziom szumów

[dB]

reproducibility
powtarzalność

[%]

TEOAE amplitude
amplituda TEOAE

[dB]

T Z p T Z p T Z p

1 12.0 0.3381 0.7353 113.0 1.5874 0.1124 76.0 1.8857 0.0593 –0.70±1.00

1.5 32.0 0.0889 0.9292 184.5 0.1081 0.9139 117.5 1.4731 0.1407 –0.60±0.60

2 14.5 1.3251 0.1851 172.0 0.0889 0.9292 91.5 2.1334 0.0329* –0.58±0.51*

3 5.0 1.8204 0.0687 188.5 0.0120 0.9904 78.0 2.2736 0.0230* –0.45±0.37*

4 95.0 2.0445 0.0409* 132.0 1.3694 0.1709 180.5 0.2042 0.8382 –0.01±0.99

Whole /  
Zbiorcza (1–4)1 16.0 1.1722 0.2411 166.5 0.2286 0.8192 72.0 2.4351 0.0149* –0.74±0.70*

CI – confidence interval  / przedział ufności, T – test statistics  / statystyka testu, Z – standardized to normal distribution test statistic  / statystyka testu standaryzowana  
do rozkładu normalnego.
1 Whole response in the frequency band of 1–4 kHz / Odpowiedź zbiorcza w pasmach częstotliwości 1–4 kHz. 
* Statistically significant / Istotne statystycznie.
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may lead to permanent hearing loss. Prevalence of tem-
porary reduction of  the TEOAE response amplitude 
supports the statement that the professional musicians 
are at the risk of hearing deterioration because of their 
occupational activities, even in the event of exposures 
to orchestral noise lower than the  limit values for in-
dustrial noise.
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