Tinnitus Severity Is Related to the Sound Exposure
of Symphony Orchestra Musicians Independently of
Hearing Impairment
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Objectives: Tinnitus can be debilitating and with great impact of musi-
cians professional and private life. The objectives of the study were
therefore to: (1) describe the epidemiology of tinnitus including its
severity in classical orchestra musicians, (2) investigate the association
between tinnitus severity in classical musicians and their cumulative
lifetime sound exposure, and (3) the association between tinnitus and
hearing thresholds.

Design: The study population included all musicians from five Danish
symphony orchestras. Answers regarding their perception of tinnitus
were received from 325 musicians, and 212 musicians were also tested
with audiometry. Any tinnitus and severe tinnitus were two definitions of
tinnitus used as outcomes and analyzed in relation to an estimation of
the cumulative lifetime sound exposure from sound measurements and
previously validated questionnaires and the average hearing threshold
of 3, 4, and 6kHz.

Results: Thirty-five percentage of all musicians (31% female and 38%
of male musicians) reported having experienced at least one episode of
tinnitus lasting for more than 5 minutes during their life. Severe tinnitus
with a severe impact on daily life was reported by 19% of the musicians
(18% of female and 21% of male musicians). The severity of tinnitus
was associated with increased lifetime sound exposure but not to poorer
high frequency hearing thresholds when the lifetime sound exposure
was considered. The odds ratio for an increase in one unit of tinnitus
severity was 1.25 (95% Cl, 1.12-1.40) for every 1 dB increase in lifetime
sound exposure.

Conclusion: Musicians frequently report tinnitus. Any tinnitus and
severe tinnitus are significantly associated with the cumulative lifetime
sound exposure, which was shown to be the most important factor not
only for the prevalence but also for the severity of tinnitus—even in
musicians without hearing loss. High-frequency hearing thresholds and
tinnitus severity were correlated only if the cumulative lifetime sound
exposure was excluded from the analyses.
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INTRODUCTION

Tinnitus is a phantom sensation of sound such as ringing or
hissing in the ears without any external sound stimulus. It is a

'Department of ORL Head and Neck Surgery and Audiology, Odense
University Hospital, Odense C, Denmark; 2Institute of Clinical Research,
University of Southern Denmark, Odense M, Denmark; *Department of
Clinical Immunology, Odense University Hospital, Odense, Denmark;
and “Department of Occupational and Environmental Medicine, Odense
University Hospital, DK-5000 Odense C, Denmark.

Copyright © 2018 The Author(s). Published by Wolters Kluwer Health,
Inc. on behalf of the American Auditory Society. This is an open-access
article distributed under the terms of the Creative Commons Attribution-
Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it is
permissible to download and share the work provided it is properly cited.
The work cannot be changed in any way or used commercially without per-
mission from the journal.

common symptom affecting 10 to 15% of the adult population
especially older men (Baguley et al., 2013; Lockwood et al.,
2002). In performing classical musicians, an even higher tin-
nitus prevalence has also been reported from 21 to 51% (Emm-
erich et al., 2008; Jansen et al., 2009; Laitinen & Poulsen, 2008;
Wilson et al., 2013). Furthermore, the incidence rate ratio of
musicians suffering from tinnitus was found to be 1.45 com-
pared with nonmusicians in a retrospective cohort of patients
with hearing problems, which indicates that tinnitus is a very
common symptom among musicians (Schink et al., 2014).
Estimating the prevalence of tinnitus from a self-reported
questionnaire is difficult and carries a risk of self-report bias
both in musicians and in the general population as demonstrated
in a recent systematic review, which found that the overall
prevalence of tinnitus ranged from 5.1 to 42.7% depending on
the study population and the tinnitus definition that was used
(McCormack et al., 2016). An even higher prevalence of tinni-
tus has recently been reported from a population-based survey,
where 59% of the participants have had tinnitus lasting for more
than 5 minutes at least at one occasion in the past (Moore et
al., 2017). The prevalence of any kind of tinnitus among dif-
ferent populations, for example, Korean, Italian, and U.S. pop-
ulations, demonstrated variability ranging from 6.2 to 25.3%
of the entire population (Gallus et al., 2015; Park et al., 2014;
Shargorodsky et al., 2010). Furthermore, experiencing frequent
tinnitus, which was defined as at least daily tinnitus in United
States and Swedish populations, was reported to occur in 7.9 to
14.2% of the studied populations (Axelsson & Ringdahl, 1989;
Shargorodsky et al., 2010). Additionally, the duration of tinnitus
that lasted for more than 5 minutes independent of recent sound
exposure had a prevalence of 9.7% in a large British study of
48,313 adults (Davis, 1989). This indicates that environmental
factors such as noise exposure also affects its prevalence; thus,
the rate of tinnitus might be higher if a substantial number of the
respondents had been noise exposed at the time point at which
the prevalence is estimated. Furthermore, tinnitus prevalence
may also be affected by the occurrence of depression or mental
disorders as well as genetic differences and differences in diet
(McCormack et al., 2015; McCormack et al., 2014; Maas et al.,
2017). Another limitation of these studies is that different defi-
nitions of tinnitus were used in some of these studies, thereby
making direct prevalence rate comparisons difficult. Some
studies include the duration of tinnitus for at least 5 minutes,
whereas other studies simply measure the prevalence of any tin-
nitus without any stipulation as to the duration of the symptom.
The duration of period of tinnitus largely affects the tinnitus
prevalence among musicians and studies indicate that a majority
of the musicians have intermittent tinnitus and fewer musicians
experience constant tinnitus. For instance, it was demonstrated
that 51% of musicians reported tinnitus, while only 17% of the
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musicians had tinnitus present at the time of the investigation
(Jansen et al., 2009). Twenty-four percentage of all musicians
in a previous Danish study complained of tinnitus lasting more
than 5 minutes (Laitinen & Poulsen, 2008). Furthermore, an
older Danish study found that only 4% of the musicians had
constant tinnitus, while 38% of the musicians experienced tin-
nitus regularly in relation to a temporary threshold shift follow-
ing sound exposure (Ostri et al., 1989). Similarly, an Australian
study found that 5% of the studied musicians often experienced
tinnitus, while 45% of the musicians only occasionally expe-
rienced tinnitus (Woolford, 1984). The temporary threshold
shift seen following loud sound exposure may very well explain
the large differences in the reported tinnitus prevalence rates
explaining why many musicians experience tinnitus but fewer
notice it constantly (Jansen et al., 2009; Ostri et al., 1989; Wool-
ford, 1984).

It is known that musicians are particularly attentive to the
function of their hearing because this sense is vital to match
frequencies accurately, a skill that facilitates their ability to play
proficiently (Zhao et al., 2010). Therefore, the influence of tin-
nitus on the quality of life and daily activities may depend on
different aspects of such as occupation and mental stress (Eng-
dahl et al., 2012; Krog et al., 2010). For musicians, the symptom
can be expected to be perceived as severe, since it may interfere
with their occupation as a professional musician and the ability
to hear the produced sound perfectly. However, little is known
about how tinnitus severity affects the musicians’ daily life both
when they play music and when they do not. Until now, no
studies have investigated the perceived severity of the tinnitus
among professional musicians, although some studies indicate
that musicians may increase their use of earplugs when they
notice tinnitus (Laitinen & Poulsen, 2008; O’Brien et al., 2014).
It is therefore possible that tinnitus is associated with noise-
induced hearing loss (NIHL) in classical musicians, as NIHL
has been reported in several studies (Axelsson & Lindgren,
1981; Emmerich et al., 2008; Jansen et al., 2009; Ostri et al.,
1989; Pawlaczyk-Luszczynska et al., 2013; Royster et al., 1991;
Schmidt et al., 2014b; Westmore & Eversden, 1981; Wilson et
al., 2013). However, studies also found that musicians’ hearing
thresholds were not worse compared with that of the general
population of the same age (Karlsson et al., 1983; Kéhéri et al.,
2001; McBride et al., 1992; Obeling & Poulsen, 1999).

Musicians are exposed to potentially hearing damaging
sound levels and therefore have an occupational risk of NIHL
as well as tinnitus (Laitinen et al., 2003; O’Brien et al., 2008;
Schmidt et al., 2011). Furthermore, an association between loud
sound exposure and hearing loss in a dose-response dependent
manner among musicians has been demonstrated (Royster et al.,
1991; Schmidt et al., 2014b; Toppila et al., 2011). NIHL may,
however, be associated with tinnitus, but a direct association
between the level of the sound exposure and the development
of tinnitus has not been demonstrated (Engdahl et al., 2012;
Palmer et al., 2002). On the other hand, it has recently been
shown in a few studies that tinnitus is significantly correlated to
both leisure music exposure and occupational noise exposure in
the general population (Guest et al., 2017; Moore et al., 2017).
Most of the subjects in the study by Guest et al. (2017) had
constant tinnitus but with a normal audiogram, whereas only a
minority experienced constant tinnitus in the study by Moore et
al. (2017) (Guest et al., 2017; Moore et al., 2017). Tinnitus may
be a preliminary indicator of hearing loss, and there is some

evidence that tinnitus may be noise induced even in the pres-
ence of normal hearing thresholds (Guest et al., 2017; Hickox &
Liberman, 2014; Lindblad et al., 2014; Schaette & McAlpine,
2011).

It is evident from the study by Moore et al. (2017) that many
subjects have temporary tinnitus and a possible explanation is
occasional noise exposure from music at clubs or concert venues
(Moore et al., 2017). The occasional noise exposure resulting in
temporary threshold shifts may also be a good explanation of
the high tinnitus prevalence reported among musicians. How-
ever, it is unknown if the severity of tinnitus is related to the
accumulated lifetime noise exposure, ageing, or other factors.

This study aims to: (1) describe the epidemiology of tinni-
tus in classical orchestra musicians including characterizing the
severity of tinnitus, (2) investigate the relationship between tin-
nitus severity and hearing impairment, (3) investigate the asso-
ciation between tinnitus severity in classical musicians and their
cumulative lifetime sound exposure.

SUBJECTS AND METHODS

Population

The study was conducted among a population of classical
orchestra musicians (aged 21-68 years) from five Danish sym-
phony orchestras. Data were collected from 2007 to 2010. Dur-
ing this period, 443 musicians were employed in the symphony
orchestras, and all were offered the opportunity to participate
in the study questionnaire (Schmidt et al., 2014b). In total, 325
musicians (response rate, 73.4 %) answered the questions regard-
ing tinnitus and are included in the analyses in the present study.

Questionnaire

The questions posed to the musicians in this study covered
different aspects of their work and personal health. Question-
naire items screening for tinnitus and the impact hereof at work
and outside work was developed in corporation with special-
ized doctors in audiology. The face validity of all questionnaire
items including the questions in the present study was tested on
musicians and music students as previously reported for a study
of musculoskeletal problems in classical orchestra musicians
(Paarup et al., 2011). The construct validity of the exposure
time variables in this questionnaire was furthermore tested in
a study specifically examining the relationship between sound
exposures and hearing thresholds in musicians (Schmidt et al.,
2014b). In addition, internal consistency between specific items
was performed as reported in the present study.

To calculate the cumulative duration of the sound exposure
during a musician’s entire lifetime, the musicians were asked
to list the number of weekly hours dedicated to musical activi-
ties such as individual practice, group rehearsal concerts, and
other musical activities. Furthermore, the total number of years
playing their main instrument and any previous main instru-
ments was also recorded. Time periods during the year when the
musicians did not engage in musical activities such as holidays
were also recorded. To estimate the total exposure time, a yearly
exposure time was calculated and multiplied by the number of
years the musician has played his/her main instrument (Schmidt
et al., 2014b). If the main instrument has been switched during
the career, the exposure time was then calculated separately for
the number of different instruments to produce a more accurate
estimate of their accumulated exposure.
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Any tinnitus was defined in the questionnaire as ringing,
wheezing, or buzzing sound lasting more than 5 minutes in one
or both ears without an obvious external source of this particu-
lar sound. The following questions were asked: “Do you have or
have you had tinnitus?” (Yes/No). “How do you experience your
tinnitus?” (Constantly/Intermittent). “In which ear do you have
tinnitus?” (Right/Left/Both). To characterize tinnitus severity,
two questions about the impact on their daily life as a musi-
cian inside or outside the orchestra were asked: “Is tinnitus a
problem to you inside the orchestra?” (Yes - absolutely, Yes - to
a certain extent, Yes - but only little, No — not at all). “Is tin-
nitus a problem to you at other places (outside the orchestra)?”
(Yes - absolutely, Yes - to a certain extent, Yes — but only little,
No — not at all).

Sound Exposure

The sound exposure of musicians was based on measure-
ments of rehearsals and performances in two different sym-
phony orchestras with microphones attached to both the left and
the right ear (Schmidt et al., 2011). Based on these measure-
ments, the exposure was calculated for each instrument group,
separately for the left and the right ear. The average exposure of
the musicians ranged from 83.2 dB(A) (right ear double bass
and left ear cello) to 92.7 dB(A) (right and left ear of trum-
pet players and left ear of viola players) (Schmidt et al., 2011;
Schmidt et al., 2014Db).

The annual sound immission level was calculated individu-
ally for each musician to be corresponding to 2080 hours, which
is equal to 8 hours of exposure per day for 260 days/year. To cal-
culate the entire life time sound immission, the number of years
played were then taken into account in a method similar to the
previously described noise immission level (Burns & Robinson,
1973; Schmidt et al., 2014b).

Audiometric Measurements

All available musicians were invited to take an audiomet-
ric test. A subgroup of 223 of 394 available musicians (57%)
decided to participate in the audiometry test (Schmidt et al.,
2014Db). All participating subjects had an anamnestic interview
and were examined in ear, nose, throat including otoscopy, and
removal of obstructing cerumen before audiometry. Eleven
subjects were excluded from the analyses because of medical
history of previous ear disorders and audiometric findings sus-
picious of hearing loss caused by pathologies other than music
exposure. Subjects with other medical conditions such as hyper-
tension were included. Thus, 212 musicians’ hearing status
was examined as previously reported (Schmidt et al., 2014b).
Among the 325 subjects who answered the questions regarding
tinnitus, 174 also completed the audiometry test. Thus, com-
plete data with audiometry as well as questionnaire data regard-
ing exposure and tinnitus status existed for 174 subjects (367
tested ears as one participant only completed the audiometry
on the left side).

The audiometry was performed as user-operated audiometry
with the Two-Alternative Forced Choice paradigm at the work-
places in a quiet room. The audiometry was conducted with a
computer (Compaq nx6310; Hewlett-Packard, Palo Alto, CA)
connected to a digital signal processor (Mobile Processor RM2;
Tucker Davis Technologies, Alachua, FL) and an audiomet-
ric headphone (HDA200; Sennheiser, Wedemark, Hannover,

Lower Saxony, Germany) connected to the mobile processor.
The frequencies 0.25, 0.5, 1, 2, 3, 4, 6, and 8 kHz were all tested
on both ears and the average of 3, 4, and 6 kHz was calculated
and used as a noise sensitive measure of high-frequency (HF)
hearing thresholds in this study.

The audiometry method has previously been validated for
reliability and comparability with traditional manual audiom-
etry performed by a technically skilled person (Schmidt et
al., 2014a). The reproducibility of user-operated audiometry
is equal to or lower compared with manual audiometry, and
thresholds were slightly but systematically lower on average 1.9
dB (Schmidt et al., 2014a; Schmidt et al., 2014b). Normal hear-
ing was considered as any threshold lower than 10 dB HL in
this study.

Statistical Analysis

To characterize tinnitus severity from the questions about the
daily impact of tinnitus on the musicians’ lives, two scales were
derived from the questions addressing tinnitus problems inside
and outside the orchestra. Based on the two questions, severe
tinnitus was defined as subjects reporting any kind of tinnitus
problems inside or outside the orchestra.

The epidemiology of tinnitus including tinnitus prevalence
of any tinnitus and severe tinnitus were examined with descrip-
tive statistics and Chi-squared tests of difference in the preva-
lence of tinnitus between male and female musicians as well as
between different instrument groups.

To test the hypothesis that any tinnitus or severe tinnitus are
associated with hearing thresholds and lifetime sound exposure
logistic regression (command Jogit in STATA) was used. In
these analyses, clusters related to individuals were included in
the models as hearing thresholds and tinnitus from the right and
left ear from each subject are correlated. Any tinnitus or severe
tinnitus was analyzed as an outcome variable with gender as a
dichotomous independent variable and HF hearing thresholds,
age, and lifetime sound exposure as continuous independent
variables in these analyses. Twenty-three subjects took anti-
hypertensive medications. The variable of hypertension was
included in all analyses but eliminated from all models using
p > 0.1 as elimination criteria. Age and gender were, however,
kept in all models despite the elimination criteria of p > 0.1.

The two scales of tinnitus severity inside or outside the
orchestra were investigated for consistency between the two
scales and their ability to demonstrate redundant items (ques-
tions) using Cronbach’s alpha (Bland & Altman, 1997). These
two scales were combined to characterize tinnitus severity by
adding the response value of 0 to 3 depending on the response
category in each question. Thus, the answer “No — not at all”
had the value 0, “Yes — but only little” had the value 1, “Yes - to
a certain extent” had the value 2, and “Yes — absolutely” had the
value 3 in both of the questions. The sum of the response values
from the two questions was then calculated to form the scale of
tinnitus severity going from 0 when there was no impact of tin-
nitus inside or outside the orchestra to 6 when the musicians had
severe problems and answered “Yes — absolutely” to both ques-
tions. On the other hand, category 1 was the least severe tinnitus
case, which were subjects who answered “Yes — but only little”
to only one of the questions. Tinnitus severity was calculated for
a specific ear if tinnitus was reported to be localized to one ear
only. In case of bilateral tinnitus, tinnitus severity was assumed
to be equal in both ears.
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TABLE 1. Descriptive Statistics of Gender Differences Among Musicians With or Without Tinnitus
Variable Men Women Total
Tinnitus (yes/no) (%) 74/120 (38) 41/90 (31) 325
Mean age years by tinnitus groups (yes/no) 46.3/46.9 40.1/40.9 325
No ears with tinnitus (yes/no) (%) 110/278 (28) 57/205 (22) 650
Tinnitus, right ear only, n (%) 8 (47) 9 (53) 17
Tinnitus, left ear only, n (%) 22 (69) 10 (31) 32
Tinnitus, both ears, n (%) 40 (68) 19 (32) 59
Intermittent tinnitus, n (%) 37 (69) 17 (31) 54
Constant tinnitus, n (%) 11 (65) 6 (35) 17
Unspecified tinnitus, n (%) 22 (59) 15 (41) 37

Ordinal logistic regressions (command ologit in STATA)
were used to test the hypothesis that tinnitus severity as an
outcome is independent of lifetime sound exposure, hearing
thresholds, age, and gender. A principal component analysis
(command pca in STATA) was performed to identify the most
important principal components explaining any association
between the principal components and tinnitus severity. Under-
lying principal components were dependent on lifetime sound
exposure, instruments specific sound exposure, exposure time,
and age.

Wald 72 tests were used to test statistic to test for signifi-
cance of the logistic and ordinal logistic regression models.

All analyses were performed using STATA SE version 14.0
(Stata Corp., College Station, TX).

RESULTS

Tinnitus Epidemiology

Data collected from the questionnaire (Table 1) demonstrated
that 35% of all musicians or 31% of all female musicians and
38% of all male musicians (¥*(2,325) = 1.60, p = 0.20) from five
Danish symphony orchestras reported having experienced any
tinnitus lasting for more than 5 minutes. Of these, 59/115 (51%)
reported any tinnitus in both ears. Of the 49/115 (43 %) musi-
cians with any tinnitus in one ear only (Table 1), 32 reported
any tinnitus in the left ear, and 17 reported any tinnitus in the
right ear (Table 1). Seven musicians only responded to the main
tinnitus question and did not report on localization. In total,

First Violin (53)
Second Violin (42)
Viola (38)

Cello (34)

Double Bass (25)
Flute (14)

Oboe (14)
Clarinet (16)
Bassoon (15)
French Horn (21)
Trumpet (12)
Trombone (9)
Tuba (7)
Percussion-Timpani (7)
Harp-Celeste (11)

T T
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Figure 1. Percentage of musicians with single-sided or double-sided tinnitus
shown by instrument type. Numbers in parenthesis are size of the instru-
ment group.

any tinnitus affected 28% of male musicians’ ears and 22% of
female musicians’ ears (¥*(2,650) = 3.56, p = 0.06)) (Table 1).
However, half of the musicians 54/108 (50%) reported that their
tinnitus was only intermittent, whereas 17/108 (16%) musicians
had tinnitus constantly.

Any tinnitus was reported in every instrument group (Fig. 1).
Furthermore, the odds of having bilateral tinnitus was signifi-
cant higher only for the brass players (trumpet, French horn,
trombone, tuba) odds ratio (OR) = 3.68 (95% CI, 1.34-10.09)
compared with other musicians and high-strings players (violin
and viola) who had significantly higher odds of unilateral tinni-
tus OR =2.62 (95% CI, 1.15-5.96) compared with other musi-
cians. No significant differences in the odds of bilateral tinnitus
were observed between low-string players (cello and double
bass) OR =1.02 (95% CI, 0.43-2.70), wood wind players (flute
oboe, clarinet, bassoon) OR = 1.17 (95% CI, 0.43-3.20), per-
cussion, timpani, harp, and celeste players OR = 0.60 (95% CI,
0.13-2.83) when compared with all other musicians.

Representativeness and Missing Data

The responders (n = 325) of the main tinnitus question
defined the population of interest in this study. There were
no significant differences in participation concerning sex
( yX(1,443) = 193, p = 0.17), orchestra of employee
(¥*(4,443) = 375, p = 044) and instrument type
(%*(16,443) = 20.68, p = 0.19) between responders and non-
responders of the questionnaire, and no significant differences
concerning sex (¥*(1,394) =2.25, p = 0.13) and instrument type
(%*(16,394) = 11,13, p = 0.80) were observed between audio-
metric participants and nonparticipants in the hearing test. How-
ever, the participation rate of the audiometric test was higher
in one of the orchestras (¥%(4,394) = 14,08, p = 0.007). The
nonresponders of the questionnaire were on average 4.7 years
younger than the responders (t = -3.90, p = 0.001), but there
was no significant difference in age between participants and
nonparticipants of the audiometric test (t =-0.005, p = 0.99).

Questionnaires that were incomplete regarding exposure
data or concerning tinnitus severity were left out of the particu-
lar analysis.

Tinnitus Severity

Figure 2A and B demonstrate two scales of tinnitus severity
whether the musicians considered tinnitus to be a problem when
playing inside and outside the orchestra, respectively. Tinnitus
severity was demonstrated to be worse among the wind players
(woodwinds and brass players) compared with the string players
(violin, viola, cello, double bass) with respect to the impact of
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Figure 2. A, The percentage of answers to the question: “Is tinnitus a problem to you inside the orchestra” among different instrument types. B, The percentage
of answers to the question: “Is tinnitus a problem to you at other places” viz. outside the orchestra among different instrument types.

tinnitus inside the orchestra (*(3,115) = 11.66, p = 0.009); oboe
and clarinet players did not report these findings.

Woodwinds and brass players reported that their tinnitus
was more severe outside the orchestra compared with the sever-
ity reported by string players do ( %*(3,113) = 8.15, n = 113,
p=0.04).

Comparing Figure 2A with Figure 2B, it can be seen that
musicians in general regard tinnitus as a problem during activi-
ties performed outside the orchestra compared with when sit-
ting in the orchestra. On the other hand, double bass players and
percussion/timpani players regarded tinnitus to be a more severe
problem in the orchestra compared with situations outside the
orchestra. Tinnitus was more severe in the orchestra if tinni-
tus severity was reported in a higher category as an answer to
the question about tinnitus problems inside the orchestra com-
pared with the question addressing tinnitus problems outside
the orchestra (Fig. 2A, B). Compared with all other musicians,
only double bass players (%*(1,114) =11.62,n= 114, p=0.001)
and percussion/timpani players (y*(1,114) = 6.00, n =114, p =
0.01) reported significant differences in the severity of tinnitus
between the two situations.

Intermittent tinnitus can be seen after periods with high
sound exposure. It was demonstrated that intermittent tinnitus
was generally rated as less severe inside (%*(3,75) = 13.22, p =
0.004) as well as outside (%*(3,73) = 8.80, p = 0.03) the orches-
tra compared with constant tinnitus.

Tinnitus and Hearing Thresholds

Any tinnitus lasting more for than 5 minutes was used as the
definition of any tinnitus. Severe tinnitus was defined as tinnitus
with an impact on daily life within the orchestra or outside the
orchestra using the two scales of tinnitus severity.

Occurrence of severe tinnitus was dichotomized based on
whether the reported tinnitus was considered being a problem
(no matter the severity degree) or not at all. Thus, on each of
the two scales, only musicians who perceived their tinnitus
as a problem would have been counted as having severe tin-
nitus in the orchestra or outside the orchestra or in both situ-
ations. Furthermore, the two locations where tinnitus severity
was assessed (inside and outside the orchestra, respectively)

were combined to form a new scale to characterize the overall
tinnitus severity of a single musician ear. Overall, 19% of the
musicians (21% of the male musicians and 18% of the female
musicians) reported severe tinnitus in one or both ears using
this definition.

The ORs of having any tinnitus (OR = 1.03 [95% CI, 1.00—
1.06]) or severe tinnitus (OR = 1.03 [95% CI, 1.00-1.06])
were significantly related to any 1 dB increase in HF hearing
thresholds.

However, as shown in Table 2, lifetime sound exposure was
a better predictor of both any tinnitus and severe tinnitus than
HF hearing thresholds, age, and gender. The odds ratio of an
event of any tinnitus is then OR = 1.13 (95% CI, 1.04—1.23) for
every 1 dB increase in lifetime sound exposure and the odds
ratio of an event of severe tinnitus with impact on daily life in
the orchestra, outside the orchestra, or in both situations is 1.23
(95% CI, 1.12-1.36).

TABLE 2. Odds Ratios of Associations Between Any Tinnitus
and Severe Tinnitus Outcomes and Lifetime Sound Exposure
Adjusted for 3, 4, 6 kHz Hearing Thresholds, Age, and Gender

Model 1 Model 2
Any Tinnitus Severe Tinnitus (Combined)
N = 347 N = 345
Wald chi 17.3 213
(4 d.f)
Hearing 1.01 (0.98-1.04) p = 0.57 1.01 (0.97 - 1.05) p = 0.51
threshold
Age 1.01 (0.98-1.05) p = 0.52 1.00 (0.95-1.04) p = 0.88
Gender 0.57 (0.28-1.18) p = 0.13  0.60 (0.23-1.55) p = 0.30
(ref. male)
Lifetime 1.13 (1.04-1.23) p = 0.006 1.23 (1.12-1.36) p < 0.001
sound
exposure

N = number of respondents to the questionnaire items in the statistic model. Numbers vary
between the models due to missing answers in some questions.

Model 1: Outcome is “any tinnitus” (yes/no).

Model 2: Outcome is “severe tinnitus problems” (yes/no). This model reflects a scale based
on a combination of the tinnitus questions containing only musicians who perceived their
tinnitus as a problem inside or outside the orchestra.
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Tinnitus 1

Figure 3. Different degrees of tinnitus severity based on the two questions
concerning tinnitus severity (Fig. 2). The scale consists of six tinnitus catego-
ries from one to six, where the highest number or the darkest gray tone rep-
resents subjects where tinnitus is most severe. The number in parenthesis is
the number of musicians with severe tinnitus symptoms in each instrument
group. No musicians fell into the Tinnitus 5 group.

Tinnitus Severity and the Relation to Lifetime Sound
Exposure

It is evident from Table 2 that severe tinnitus inside or out-
side the orchestra are related to lifetime sound exposure. It was
therefore analyzed if the two items addressing tinnitus severity
were redundant with one another, and to accomplish this, the
internal consistency of the scales of the two items was tested
using Cronbach’s alpha. The scale reliability coefficient was
0.84, suggesting high internal consistency. As the Cronbach’s
alpha coefficient did not exceeded 0.9, which has been recom-
mended as an upper limit of the Cronbach’s alpha coefficient
(Bland & Altman, 1997), the two subscales were considered not
redundant with one another.

Tinnitus severity can therefore be graduated even further
based on the impact of tinnitus on daily life inside and outside
the orchestra in a combined scale. The distribution of the gradu-
ated problems of severe tinnitus between the different instru-
ment groups according to the new combined scale of tinnitus
severity is demonstrated in Figure 3. It is evident from Fig-
ure 3 that tinnitus is regarded as problem within all instrument
groups, but especially the first violinists, French horn players
and flute players account for a large majority of the musicians
with severe tinnitus. The highest degree of tinnitus severity (cat-
egory 4-6) is more frequent among the wind players, and it is
also evident from Figure 2 that tinnitus severity is larger in wind
players compared with the string players (%*(5,611) = 39.66,
p <0.001). Musicians with severe tinnitus were then compared
with musicians who did not regard tinnitus as a problem and
with this dichotomization it was still evident that severe tinnitus
was significantly more frequent in wind players compared with
string players (x*(1,611) =29.00, p < 0.001).

Tinnitus is a symptom, which may be dependent on age, gen-
der, hearing thresholds, and the sound exposure, but it is not
known if the degree of tinnitus severity is dependent on these
factors.

Ordinal logistic regression analyses were then used to test the
hypothesis that the degree of tinnitus severity depends on sound
exposure, age, gender, and hearing thresholds. As it can be seen

in Table 3, model 1 demonstrates a significantly increased OR
of 1.16 (95% CI, 1.07—1.24) in tinnitus severity for every unit
of the scale presented in Figure 3 if the entire life time sound
exposure is increased with 1 dB. This OR is increased to 1.25
(95% CI, 1.12-1.40) if the musicians’ HF hearing thresholds
are included in the model (model 2). Model 2 also shows that
hearing thresholds do not significantly predict tinnitus severity
in musicians. Thus, poorer hearing does not result in the per-
ception of more severe tinnitus. Restricting the population to
the musicians with normal hearing with hearing thresholds of
any frequency better than 10 dBHL (model 3) results in an odds
ratio of 1.27 (95% CI, 1.09—-1.49), indicating that tinnitus sever-
ity seems to be dependent on the sound exposure among the
normally hearing musicians as well.

The investigation of the association between lifetime sound
exposure and tinnitus severity was performed with a principal
component analysis. Table 4 shows the principal component
analysis and demonstrates that component 1 (total lifetime
exposure) was the most important variable with an eigen value
of 2.05 and explains 51% of the variance in the model. Table 5
shows that lifetime sound exposure and the instrument-specific
sound exposure are the most important factors explaining the
underlying principal component 1, where time components
such as exposure time and age are less important. Principal
component 2 is more dependent on time (Table 5), where time
variables such as age and exposure time are positive compared
with the negative values associated with variables related to
sound. Thus, it is evident that the sound exposure level plays
a more important role compared with the exposure time when
explaining the association between lifetime sound exposure and
tinnitus severity.

Table 3, model 4, indicates that the underlying principal
component one is the most important component. Measures of
sound exposure are the main components of component 1, and
an increase in sound exposure is a significant factor contribut-
ing to increased tinnitus severity in musicians with an odds ratio
of 1.44 (95% CI, 1.18-1.76).

DISCUSSION

This study demonstrates that the occurrence of any tinnitus
and severe tinnitus in professional classical musicians is associ-
ated with lifetime sound exposure. Additionally, increased tin-
nitus severity is also associated with lifetime sound exposure.
Sound exposure directly affects the outcomes of any tinnitus
and severe tinnitus as there was no correlation between mea-
sured hearing thresholds and the two outcomes of tinnitus as
well as increasing tinnitus severity.

Two different tinnitus definitions were used in this study.
One definition was based on any kind of tinnitus lasting for at
least 5 minutes and showed that 35% of all musicians reported
tinnitus. Additionally, a definition based on severe tinnitus
problems, which have an impact on daily life activities inside
and outside the orchestra, showed that 19% of all musicians
reported severe tinnitus. In general, musicians report any tin-
nitus more often than the general population where it is gener-
ally accepted that 10 to 15% of the population suffers from
tinnitus (Lockwood et al., 2002). It may be difficult to compare
the prevalence estimates from this study with a population-
specific prevalence directly due to large differences between
the populations because the population differences are not
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TABLE 3. Ordered Logistic Regression of Tinnitus Severity in Relation to Explanatory Factors

Model 1 Model 2 Model 3 Model 4
N =625 N = 345 N =93 N =615
Wald 2 16.1 18.9 10.7 17.9
Pseudo R? 0.03 0.07 0.06 0.03
Lifetime sound exposure 1.16 (1.07-1.24),p < 0.001  1.25(1.12-1.40), p < 0.001  1.27 (1.09-1.49), p = 0.002
Age 1.00 (0.98-1.03), p =0.86 1.00 (0.95-1.04), p =0.85 0.98 (0.89-1.07), p = 0.60

Gender (ref. male)

HF hearing threshold
(3, 4, 6kH2)

Component 1 (lifetime sound
exposure)

Component 2 (total exposure
time)

Component 3 (age)

Component 4 (instrument
specific)

0.90 (0.50-1.62), p = 0.72 0.57 (0.22-1.42), p = 0.23 0.70
1.01 (0.98-1.06), p = 0.47 1.09

0.10-4.92), p = 0.72
0.88-1.35) p = 0.43

—_—— =

1.44 (1.18-1.76), p < 0.001
0.71(0.76-1.12), p = 0.32

1.21 (0.87-1.69), p = 0.26
0.35 (0.09-1.34), p = 0.13

All models control for age and sex.

Model 1: All respondents’ ears to estimate tinnitus severity and the lifetime sound exposure.

Model 2: A subpopulation of model 1 including only the ears, where the hearing thresholds were measured.
Model 3: A subpopulation of model 2 including only the ears where all measured frequencies indicate that no hearing loss is present. The hearing thresholds were included as continuous vari-

able in the model but only for the normal-hearing subjects.

Model 4: Same population as model 1, but the four principal components of life time sound exposure tested as explanatory factors (Tables 4 and 5).

only related to the music exposure. Some evidence of a higher
occurrence of any tinnitus among musicians compared with
the background population exists, however, as it was shown
that the incidence rate ratio of musicians with tinnitus was
1.45 compared with the background population. Furthermore,
studies using the widest possible tinnitus definition of any tin-
nitus show that up to 25.3% of the entire population suffers
from tinnitus (Shargorodsky et al., 2010). If this prevalence
is compared with the prevalence in the present study, it still
points toward an even higher prevalence of any tinnitus among
musicians.

Laitinen and Poulsen (2008) defined tinnitus as the phantom
sensation of sounds lasting for more than 5 minutes and by using
this definition they showed that 21% of the musicians reported
tinnitus, which was lower but somewhat comparable with the
results presented in this study (Laitinen & Poulsen, 2008). Over-
all, different studies report a relatively high frequency of tinni-
tus symptoms between 21 and 51% of the musicians studied
(Emmerich et al., 2008; Jansen et al., 2009; Laitinen & Poulsen,
2008; O’Brien et al., 2008). Thus, the reported prevalence of

TABLE 4. Principal Component Analysis of Total Life Time
Exposure

Component Eigen Value  Proportion  Cumulative

Component 1 2.05 0.51 0.51
(sound exposure)

Component 2 1.35 0.34 0.85
(exposure time)

Component 3 (age) 0.55 0.14 0.99

Component 4 0.06 0.01 1.00

(instrument specific)

Variables included are the lifetime sound exposure, the instrument-specific sound expo-
sure, the total exposure time, the age. N = 646 ears. The eigen value of each component is
presented and the proportion of the explained variance of each component in the model.
The cumulative proportions of the components are shown in the last column. The explana-
tion of the most important factors of each component is described in the parenthesis and
based on the correlation matrix shown in Table 5.

35% of any tinnitus and 19% of severe tinnitus in the present
study is comparable with previous studies.

Musicians frequently report tinnitus, but not all of them con-
sider their tinnitus as a problem interfering with daily activi-
ties. That tinnitus is not regarded a problem this could be due to
the fact that the tinnitus is intermittent and occasionally expe-
rienced after periods with loud sound exposure. On the other
hand, tinnitus, which is constant and that causes an impact on
daily activities inside and outside the orchestra, may be debili-
tating especially if it threatens the musician’s career. Tinni-
tus may signal a subjective hearing problem even if it as was
shown in this study, the tinnitus was not related to HF hearing
thresholds. Musicians are particularly sensitive to symptoms
related to hearing, as this sense is vital for their function as a
professional musician. Future longitudinal studies are needed
to determine if tinnitus symptoms are one of the main reasons
explaining why musicians quit working in a symphony orches-
tra before retirement.

While tinnitus is a frequent symptom reported by clas-
sical orchestra musicians, there have not been any studies so
far examining the association between the accumulated sound
exposure and the tinnitus symptom (Emmerich et al., 2008;
Jansen et al., 2009; Laitinen & Poulsen, 2008; O’Brien et al.,
2008). These studies only report a quite high frequency of tin-
nitus symptoms between 21 and 51% of the musicians (Emm-
erich et al., 2008; Jansen et al., 2009; Laitinen & Poulsen, 2008;
O’Brien et al., 2008).

Our study also demonstrated that the tinnitus symptom may
differ among the different instrument groups. This is well cor-
related with the sound exposure. Brass instrumentalists report
significantly more frequent tinnitus compared with string
instrumentalists, and they have the most extensive sound expo-
sure (Laitinen et al., 2003; O’Brien et al., 2008; Schmidt et al.,
2011; Wilson et al., 2013). Furthermore, it is evident that left
ear tinnitus is more frequent than both right ear tinnitus and
bilateral tinnitus, and especially among high string players who
hold their instruments closer to their left ear.
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TABLE 5. Principal Component Analyses

Variable Component 1 Component 2 Component 3 Component 4
Life time sound exposure 0.67 -0.18 -0.01 -0.72
Instrument sound exposure 0.52 -0.55 0.19 0.63
Total exposure time 0.44 0.50 -0.69 0.29
Age 0.29 0.64 0.70 0.11

This is a correlation matrix (eigen vectors) of how the different variables correlate with the underlying principal components.

Although left-sided tinnitus is for unknown reasons also
more common in the population compared with right-sided
tinnitus (Baguley et al., 2013), high string musicians have a
significant asymmetric exposure and a predominant left-sided
hearing loss (Royster et al., 1991; Schmidt et al., 2011; Schmidt
et al., 2014b).

Sound exposure independently affects tinnitus and hearing
thresholds. The association between the accumulated sound
exposure and elevated HF hearing thresholds in musicians is
well known (Royster et al., 1991; Schmidt et al., 2014b; Toppila
et al., 2011), but our study showed that both the occurrence and
severity of tinnitus are significantly associated with the accumu-
lated lifetime sound exposure. Therefore, it is expected that the
HF hearing thresholds would be significantly increased in musi-
cians with tinnitus. However, this was not demonstrated in this
study when the lifetime sound exposure was taken into account
(Table 2). This indicates that the lifetime sound exposure is
strongly associated with tinnitus than HF hearing thresholds
are. Principal component analysis shows that the most impor-
tant component (component 1) explains 51% of the variance
(Table 4). Furthermore, component 1 consists mainly of com-
ponents related to sound exposure, which are the lifetime sound
exposure and the instrument type. Time components such as
total exposure time and age are less important (Table 5). Thus,
sound is the most important component explaining the associa-
tion between the lifetime sound exposure and tinnitus (Table 5).

However, when analyzing the severity of the tinnitus symp-
tom, it was demonstrated that only the lifetime sound exposure
was significantly associated with a worsening of the tinnitus
symptom (Table 3).

Interestingly, this study also demonstrates that increased
accumulated lifetime sound exposure is associated with wors-
ening of the tinnitus symptom even in completely normal-hear-
ing musicians (Table 3).

It may be speculated that the tinnitus symptom may be an
early warning of hearing loss or it may represent early changes
in the auditory nerve (Lindblad et al., 2014; Schaette and McAl-
pine 2011). Additionally, tinnitus is associated with previous
noise exposure including music, which supports the findings
of the present study (Guest et al., 2017; Moore et al., 2017).
Furthermore, it has also been demonstrated that the amplitudes
of the auditory brain stem response decreased in normal noise
exposed individuals compared with normal-hearing subjects
without noise exposure (Stamper & Johnson, 2015). This could
reflect early changes of the spiral ganglion neurons in the audi-
tory nerve, and it may be speculated that tinnitus symptoms
reflects an underlying early pathology in the auditory nerve as
well. However, a similar study of normal-hearing subjects could
not demonstrate an association between historic noise exposure
and changes in amplitudes of the auditory brainstem response
(Prendergast et al., 2017). It is therefore still largely unknown

if noise exposure leads to changes in the function of the audi-
tory nerve. Early pathology in the auditory nerve, if it exists,
may, however, explain why deafferentation possibly can lead to
reduced signal input to the auditory system and result in tinnitus
(Eggermont & Roberts, 2004). Thus, future research is needed
to establish evidence enough to coin noise exposure, tinnitus,
and auditory neuropathy.

Limitations of the Study

Some limitations with the present study have to be consid-
ered. The study may be subject to selection bias. Our orchestra
musicians have worked for several years and musicians with an
increased tendency to severe tinnitus and hearing loss might
have left the orchestras. Hence, the association between the
accumulated lifetime sound exposure and the severity of tinni-
tus may be even more significant than measured. Furthermore,
tinnitus severity was defined using a nonstandardized scale with
two simple questions addressing if tinnitus is a problem for the
musician inside and outside the orchestra. These questions may
not accurately quantify tinnitus severity experienced by musi-
cians in their daily life, and it is therefore difficult to compare
the tinnitus severity measured in this study with studies using
other measures of tinnitus severity such as the Tinnitus Handi-
cap Index. Additionally, other medical conditions may interfere
with the results if tinnitus is more frequent in relation to cer-
tain medical conditions among this hypertension. Therefore,
an analysis was performed to investigate whether subjects with
hypertension showed different results; however, this was not
the case. Antihypertensive drugs are frequently prescribed to
patients with various cardiovascular diseases including diabe-
tes. However, an effect caused by these diseases on the analyzed
outcomes cannot totally be ruled out as it may be possible that
subjects with mild type-2 diabetes and cardiovascular disease
without hypertension were included as subjects in the present
study.

The exposure was estimated from questionnaire data supple-
mented with the average exposure measurements of different
classical music repertoires (Schmidt et al., 2011). Due to the
uniform conditions for the single instrument groups, these may
be considered representative, but minor variation between musi-
cians within the instrument groups could be obscured (Schmidt
et al., 2011; Schmidt et al., 2014b). The estimated sound expo-
sure may be too high or too low, but the measurement error may
affect the group of less and more exposed musicians equally.
Furthermore, there is a systematic bias in the reported expo-
sure time as musicians report more hours used for practice and
rehearsals than they actually do, but this bias affects all musi-
cians in the population equally (Schmidt et al., 2014b). A poten-
tial misclassification of the exposure may therefore not affect
the reported results, where tinnitus in exposed musicians is
compared with tinnitus in highly exposed musicians.
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This study may be prone to nondifferential misclassifica-
tions, but no serious bias, thereby probably attenuating any
correlations.

CONCLUSION

A prevalence of 35% of symphony orchestra musicians
report any tinnitus, but only 21% of the male and 18% of the
female musicians have severe tinnitus and consider their tinnitus
being a problem. This study showed that the severity of tinni-
tus is dependent on the accumulated lifetime sound exposure,
but independent of the HF hearing thresholds. Accumulated
life-time sound exposure is therefore an important risk-factor
among other known risk-factors of tinnitus in symphony orches-
tra musicians. Tinnitus may partly be explained by damage of the
auditory system due to sound exposure, and future studies will
be needed to clarify the exact pathology behind these findings.

ACKNOWLEDGMENTS

The present study was approved by the regional ethical committee, and
informed consent was given by all test subjects.

Supported by Danish Working Environment Research Fund no.
20070014504, Ear Nose and Throat specialist Hans Skouby’s and Hustru
Emma Skouby’s Foundation, Oto-rhino-laryngologist L. Mahler’s and
N.R. Blegvads foundation for young oto-rhino-laryngologists, Region of
Southern Denmark 12/7740.

The authors declare no other conflict of interest.

Address for correspondence: Jesper Hvass Schmidt, Department of ORL
Head and Neck Surgery and Audiology, Odense University Hospital,
Klevervanget 19, Indgang 85, 3.sal, 5000 Odense C, Denmark. E-mail:
jesper.schmidt@rsyd.dk

Received August 5, 2016; accepted March 21, 2018.

REFERENCES

Axelsson, A., & Lindgren, F. (1981). Hearing in classical musicians. Acta
Otolaryngol Suppl, 377, 3-74.

Axelsson, A., & Ringdahl, A. (1989). Tinnitus—a study of its prevalence
and characteristics. Br J Audiol, 23, 53—62.

Baguley, D., McFerran, D., Hall, D. (2013). Tinnitus. Lancet, 382,
1600-1607.

Bland, J. M., & Altman, D. G. (1997). Cronbach’s alpha. BM.J, 314, 572.

Burns, W., & Robinson, D. W. (1973). Audiometry in industry. J Soc Occup
Med, 23, 86-91.

Davis, A. C. (1989). The prevalence of hearing impairment and reported hear-
ing disability among adults in Great Britain. Int J Epidemiol, 18,911-917.

Eggermont, J. J., & Roberts, L. E. (2004). The neuroscience of tinnitus.
Trends Neurosci, 27, 676—682.

Emmerich, E., Rudel, L., Richter, F. (2008). Is the audiologic status of pro-
fessional musicians a reflection of the noise exposure in classical orches-
tral music? Eur Arch Otorhinolaryngol, 265, 753-758.

Engdahl, B., Krog, N. H., Kvestad, E., et al. (2012). Occupation and the risk
of bothersome tinnitus: results from a prospective cohort study (HUNT).
BMJ Open, 2, ¢000512.

Gallus, S., Lugo, A., Garavello, W., et al. (2015). Prevalence and determinants
of tinnitus in the Italian adult population. Neuroepidemiology, 45, 12—19.

Guest, H., Munro, K. J., Prendergast, G., et al. (2017). Tinnitus with a nor-
mal audiogram: Relation to noise exposure but no evidence for cochlear
synaptopathy. Hear Res, 344, 265-274.

Hickox, A. E., & Liberman, M. C. (2014). Is noise-induced cochlear neu-
ropathy key to the generation of hyperacusis or tinnitus? J Neurophysiol,
111,552-564.

Jansen, E. J., Helleman, H. W., Dreschler, W. A, et al. (2009). Noise induced
hearing loss and other hearing complaints among musicians of sym-
phony orchestras. Int Arch Occup Environ Health, 82, 153-164.

Karlsson, K., Lundquist, P. G., Olaussen, T. (1983). The hearing of sym-
phony orchestra musicians. Scand Audiol, 12, 257-264.

Krog, N. H., Engdahl, B., Tambs, K. (2010). The association between tin-
nitus and mental health in a general population sample: results from the
HUNT Study. J Psychosom Res, 69, 289-298.

Kéhari, K. R., Axelsson, A., Hellstrom, P. A., et al. (2001). Hearing assess-
ment of classical orchestral musicians. Scand Audiol, 30, 13-23.

Laitinen, H., & Poulsen, T. (2008). Questionnaire investigation of musi-
cians’ use of hearing protectors, self reported hearing disorders, and their
experience of their working environment. /nt J Audiol, 47, 160—168.

Laitinen, H. M., Toppila, E. M., Olkinuora, P. S., et al. (2003). Sound expo-
sure among the Finnish National Opera personnel. App! Occup Environ
Hyg, 18, 177-182.

Lindblad, A. C., Rosenhall, U., Olofsson, A., et al. (2014). Tinnitus and
other auditory problems—occupational noise exposure below risk limits
may cause inner ear dysfunction. PLoS One, 9, €97377.

Lockwood, A. H., Salvi, R. J., Burkard, R. F. (2002). Tinnitus. N Engl J Med,
347,904-910.

McBride, D., Gill, F,, Proops, D., et al. (1992). Noise and the classical musi-
cian. BMJ, 305, 1561-1563.

McCormack, A., Edmondson-Jones, M., Fortnum, H., et al. (2015). Inves-
tigating the association between tinnitus severity and symptoms of
depression and anxiety, while controlling for neuroticism, in a large
middle-aged UK population. Int J Audiol, 54, 599-604.

McCormack, A., Edmondson-Jones, M., Mellor, D., et al. (2014). Associa-
tion of dietary factors with presence and severity of tinnitus in a middle-
aged UK population. PLoS One, 9, e114711.

McCormack, A., Edmondson-Jones, M., Somerset, S., et al. (2016). A sys-
tematic review of the reporting of tinnitus prevalence and severity. Hear
Res, 337, 70-79.

Moore, D. R., Zobay, O., Mackinnon, R. C., et al. (2017). Lifetime leisure
music exposure associated with increased frequency of tinnitus. Hear
Res, 347, 18-27.

Maas, I. L., Briiggemann, P., Requena, T., et al. (2017). Genetic suscep-
tibility to bilateral tinnitus in a Swedish twin cohort. Genet Med, 19,
1007-1012.

O’Brien, ., Ackermann, B. J., Driscoll, T. (2014). Hearing and hearing con-
servation practices among Australia’s professional orchestral musicians.
Noise Health, 16, 189—-195.

O’Brien, 1., Wilson, W., Bradley, A. (2008). Nature of orchestral noise. J
Acoust Soc Am, 124, 926-939.

Obeling, L., & Poulsen, T. (1999). Hearing ability in Danish symphony
orchestra musicians. Noise Health, 1, 43-49.

Ostri, B., Eller, N., Dahlin, E., et al. (1989). Hearing impairment in orches-
tral musicians. Scand Audiol, 18, 243-249.

Palmer, K. T., Griffin, M. J., Syddall, H. E., et al. (2002). Occupational
exposure to noise and the attributable burden of hearing difficulties in
Great Britain. Occup Environ Med, 59, 634—639.

Park, K. H., Lee, S. H., Koo, J. W,, et al. (2014). Prevalence and associated
factors of tinnitus: data from the Korean National Health and Nutrition
Examination Survey 2009-2011. J Epidemiol, 24, 417-426.

Pawlaczyk-Luszczynska, M., Zamojska, M., Dudarewicz, A., et al. (2013).
Noise-induced hearing loss in professional orchestral musicians. Arch
Acoust, 38,223-234.

Prendergast, G., Guest, H., Munro, K. J., et al. (2017). Effects of noise expo-
sure on young adults with normal audiograms I: Electrophysiology. Hear
Res, 344, 68-81.

Paarup, H. M., Baelum, J., Holm, J. W,, et al. (2011). Prevalence and conse-
quences of musculoskeletal symptoms in symphony orchestra musicians vary
by gender: A cross-sectional study. BMC Musculoskelet Disord, 12, 223.

Royster, J. D., Royster, L. H., Killion, M. C. (1991). Sound exposures and
hearing thresholds of symphony orchestra musicians. J Acoust Soc Am,
89,2793-2803.

Schaette, R., & McAlpine, D. (2011). Tinnitus with a normal audiogram:
Physiological evidence for hidden hearing loss and computational model.
J Neurosci, 31, 13452—13457.

Schink, T., Kreutz, G., Busch, V, et al. (2014). Incidence and relative risk
of hearing disorders in professional musicians. Occup Environ Med, 71,
472-476.

Schmidt, J. H., Brandt, C., Pedersen, E. R., et al. (2014). A user-operated
audiometry method based on the maximum likelihood principle and the
two-alternative forced-choice paradigm. /nt J Audiol, 53, 383-391.

Schmidt, J. H., Pedersen, E. R., Juhl, P. M., et al. (2011). Sound exposure of
symphony orchestra musicians. Ann Occup Hyg, 55, 893-905.


mailto:jesper.schmidt@rsyd.dk

SCHMIDT ET AL./EAR & HEARING, VOL. 40, NO. 1, 88-97 97

Schmidt, J. H., Pedersen, E. R., Paarup, H. M., et al. (2014). Hearing loss
in relation to sound exposure of professional symphony orchestra musi-
cians. Ear Hear, 35, 448-460.

Shargorodsky, J., Curhan, G. C., Farwell, W. R. (2010). Prevalence and char-
acteristics of tinnitus among US adults. 4m J Med, 123, 711-718.

Stamper, G. C., & Johnson, T. A. (2015). Auditory function in normal-hear-
ing, noise-exposed human ears. Ear Hear, 36, 172—184.

Toppila, E., Koskinen, H., Pyykkd, I. (2011). Hearing loss among classical-
orchestra musicians. Noise Health, 13, 45-50.

Westmore, G. A., & Eversden, 1. D. (1981). Noise-induced hearing loss and
orchestral musicians. Arch Otolaryngol, 107, 761-764.

Wilson, W. J., O’Brien, 1., Bradley, A. P. (2013). The audiological health of
horn players. J Occup Environ Hyg, 10, 590-596.

Woolford, D. H. (1984). Sound pressure levels in symphony orches-
tras and hearing. In Australian Regional Convention 25-27, 1-27.
Melbourne.

Zhao, F., Manchaiah, V. K., French, D., et al. (2010). Music exposure and
hearing disorders: an overview. Int J Audiol, 49, 54—64.



