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IMPORTANCE The incidence of hearing loss has risen in past years. Attendance at music
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festivals and concerts may contribute to this increasing problem.
OBJECTIVE To assess the effectiveness of earplugs in preventing temporary hearing loss
immediately following music exposure.
DESIGN, SETTING, AND PARTICIPANTS A randomized, single-blind clinical trial was conducted
on September 5, 2015, at an outdoor music festival in Amsterdam, the Netherlands.
Normal-hearing adult volunteers were recruited via social media. An exclusion criterion was
the participants’ intention to wear earplugs. Of the 86 volunteers assessed, 51 were included
in the study. All analyses were performed on an intention-to-treat basis.
INTERVENTIONS Participants were randomly assigned to a group using earplugs or an

unprotected group during a 4½-hour festival visit.
MAIN OUTCOMES AND MEASURES The primary study outcome was a temporary threshold
shift (TTS) on the audiogram, primarily for frequencies at 3 and 4 kHz. Secondary study
outcomes included distortion product otoacoustic emission (DPOAE) measurements and
claims of tinnitus using a questionnaire and tinnitus matching experiments.
RESULTS Of 51 participants included, 25 were randomized to the earplug group and 26 to the
unprotected group. Nine in each group (36% and 35%, respectively) were men, and the
mean (SD) ages were 27.3 (5.6) years in the earplug group and 27.0 (6.2) years in the
unprotected group. Baseline demographics were similar in both groups. The time-averaged,
equivalent A-weighted sound pressure level experienced was 100 dBA during the festival.
A TTS over frequencies at 3 and 4 kHz after exposure was seen in 4 of 50 ears (8%) in the
earplug group compared with 22 of 52 ears (42%) in the unprotected group (P < .001). The
relative risk for a TTS after exposure was 5.3 (95% CI, 2.0-14.3) for the unprotected group vs
the earplug group. The number needed to treat with earplugs for preventing 1 TTS was 2.9.
The DPOAE amplitudes decreased significantly more over the frequencies 2 to 8 kHz in the
unprotected group: the mean (SD) decrease in magnitude was 0.6 (2.8) dB in the earplug
group vs 2.2 (1.9) dB in the unprotected group (P = .04). Newly induced tinnitus following
sound exposure occurred in 3 of the 25 participants (12%) in the earplug group vs 10 of 25
(40%) in the unprotected group (difference, 28%; 95% CI, 3.6%-49.0%; P = .02).
CONCLUSIONS AND RELEVANCE Earplug use is effective in preventing temporary hearing loss
after loud music exposure. The present randomized clinical trial adds proof to the scarce
evidence and knowledge on this topic, which is a growing global problem.
TRIAL REGISTRATION trialregister.nl Identifier: NTR5401
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T

he prevalence of acquired hearing loss has risen in
past years. The US National Health and Nutrition
Examination Survey found that the prevalence of
adolescents with hearing loss has increased by 31% in the 2
decades since 1988.1
An explanation for this trend is the increase in exposure
to recreational noise, such as visiting music venues (concerts,
festivals, and nightclubs). Attendees of these recreational
activities can be exposed to loud music with sound pressure
levels of approximately 100 to 110 dBA for several hours.2-5
This exposure is known to cause hearing loss.6,7
Short-term exposure to extremely loud noise (>140 dBA)
can lead directly to cochlear damage. This is referred to as
acoustic trauma and can consequently cause permanent hearing loss.8 However, in most cases, noise exposure causes temporary hearing loss immediately after exposure. Hearing loss
can be measured objectively by temporary threshold shifts
(TTSs) observed on audiograms. A TTS usually recovers several minutes to hours after the noise exposure.9,10 After frequent exposure, however, recurrent temporary hearing loss can
ultimately lead to permanent hearing loss due to damage to
the outer hair cells (OHCs) in the cochlea; these hair cells play
a major role in the transduction of sound by the cochlea to the
auditory nerve.11 Dysfunction of OHCs can lead to a TTS, recruitment, and loss of frequency selectivity.12 The function of
the OHCs can be mirrored in otoacoustic emissions (OAEs). A
prompt decrease in OAE levels is observed in cases of noiseinduced hearing loss (NIHL) due to OHC damage. Also, a subjective measure of temporary hearing damage is tinnitus, which
is commonly experienced after loud acoustic stimulation attenuates; tinnitus typically subsides a few seconds to a few days
after exposure.13
A recent prognostic study found that a TTS is the most
important factor associated with the development of permanent threshold shifts.14 In a longitudinal cohort study, hearing level thresholds increased under the influence of recreational noise during a 4-year period.4 Several preventive
strategies against recreational hearing loss from music venues exist. These include using earplugs, reducing the duration of exposure, and keeping a safe distance from the music
source.15,16 However, the general willingness to use earplugs
in music venues by attendees is low.17-19 This reluctance is
partly owing to the lack of evidence and general knowledge
on the effectiveness of earplugs in protecting hearing and the
scarce availability of earplugs.15 A recent systematic review20
by our research group found only 1 randomized clinical trial
(RCT) on the efficacy of earplugs in concert attendees. That
RCT21 revealed lower differences in audiometric thresholds
after a concert and fewer TTSs in concert attendees who used
earplugs compared with unprotected attendees. Because that
study was a small RCT (n = 29) with audiometric assessment
as the only outcome, a larger, well-designed RCT with multiple objective and subjective outcomes is needed.
Therefore, the purpose of the present study was to assess
the efficacy of earplugs in the prevention of hearing loss in a
well-designed RCT using objective and subjective outcomes.
By adding more knowledge to the scarce scientific evidence
of their effectiveness, we aim to highlight the importance of
E2

Key Points
Question What is the effectiveness of wearing earplugs in
preventing temporary hearing loss immediately following loud
music exposure?
Findings In this randomized clinical trial of 51 normal-hearing
adult music festival attendees, 25 were randomized to an earplug
group and 26 to an unprotected control group. The relative risk for
developing a temporary threshold shift on the audiogram at 3 and
4 kHz after the festival visit was 5.3 for the unprotected group
compared with the earplug group.
Meaning Earplugs are effective in preventing temporary hearing
loss following music exposure.

earplugs in an attempt to increase their use among people
attending music venues, thereby decreasing the incidence of
NIHL.

Methods
Study Design and Participants
This study was a single-blinded RCT conducted by the
research group of the Department of Otorhinolaryngology
and Head and Neck Surgery from the University Medical
Center Utrecht in association with Van Boxtel Hoorwinkels
(a hearing aid distributor), Oticon Medical, and MTV Benelux. This study was designed and conducted in accordance
with the Declaration of Helsinki,22 and an exemption of full
review was obtained from the Medical Ethics Committee of
the University Medical Center Utrecht (WAG/OM/15/027141).
Participants provided written informed consent. The trial
protocol is available in the Supplement. We conducted and
reported the study following the CONSORT guidelines for
RCTs.
The study took place at an outdoor music festival in Amsterdam, the Netherlands, on September 5, 2015. Normalhearing volunteers were recruited via social media advertisements. Participants were offered a free ticket to the festival and
a €50 stipend after completion of the study and were eligible
for inclusion if they were 18 years or older. Exclusion criteria
were current ear problems (eg, otitis, otorrhea, the presence
of ventilation tubes, or perforation of the eardrum), the use
of a hearing aid or cochlear implant, previous ear surgery (except for the insertion of ventilation tubes), the absence of Dutch
or English language skills, and the intention to use earplugs
during the festival. The last criterion was specified because of
the ethical consideration that participants could be randomized into the unprotected group and thus would not be allowed to use their own earplugs.

Intervention
Participants were randomly allocated to the earplug group or
the unprotected group using a web-based randomization program (version 2008; Gerard E. Dallal, PhD, http://www
.randomization.com) (Figure 1). Block randomization (n = 10)
would lead to an equal distribution between the 2 groups in
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Figure 1. Flowchart of Participant Pathways
86 Assessed for eligibility
35 Excluded
26 Not meeting inclusion
criteria
9 Withdrew before
randomization

51 Randomized

25 Randomized to
intervention (earplugs)
25 Received intervention
0 Did not receive
intervention

0 Lost to follow-up
0 Discontinued
intervention

25 Included in the analysis
0 Excluded from analysis
of the primary outcome
5 Excluded from the
DPOAE analysis

26 Randomized to control
group (unprotected)
26 Received control
condition
0 Did not receive
control condition

0 Lost to follow-up
0 Discontinued
intervention

26 Included in the analysis
0 Excluded from analysis
of the primary outcome
3 Excluded from the
DPOAE analysis

Sound Level at Festival and Calibration of Equipment

The flowchart shows the exact number of participants during the study process.
DPOAE indicates distortion product otoacoustic emission.

case the required number of participants could not be achieved.
All participants in the intervention group used the same earplugs (MTV Soundkeepr; Standt BV) with a reported noise reduction rate of 18 dB. All participants were assigned to particular time slots for their hearing evaluations. These
evaluations took place before and immediately after a 4½hour festival visit. The participants in the intervention (earplug) group were debriefed on how to properly wear the earplugs and were advised to keep the earplugs in place for the
duration of the 4½-hour festival visit. Finally, all participants
were strongly advised to avoid or only moderately use alcohol and drugs.

Hearing Evaluation
The primary outcome of this study was the presence of a
TTS on the audiogram after the festival visit. Secondary outcomes were differences in tinnitus perception and the magnitude of distortion product OAEs (DPOAEs) after exposure.
All evaluations took place in the adjacent MTV Studio. At
baseline, a questionnaire about demographics as well as the
history of sound exposure and otolaryngology-related problems was completed. Air conduction audiograms for the frequencies 0.5, 1, 2, 3, 4, 6, and 8 kHz were performed by the
same audiologist (including G.C.) or audiology assistant for
both ears at baseline and after exposure in the same mobile
audiocabin (350 Series Maxi Audiology Booth; IAC Medical)
using an audiometer (AVANT A2D+; MedRx Inc) with a headphone (HDA200; Sennheiser Electronic Corp). When a participant experienced tinnitus at 1 or both evaluations, audiojamaotolaryngology.com

metric tinnitus pitch and loudness matching was performed
in a separate audiocabin with the same equipment. Participants were asked to complete 3 visual analog scales for
pitch, loudness, and annoyance of tinnitus using a scale
from 0 (very low) to 10 (very high). The DPOAEs were measured at 18 frequencies between 2 and 10 kHz in both ears
w ith a DP OAE probe and dedic ated software ( Titan
DPOAE440 module and Titan Suite Software, version 3.2.1;
Interacoustics) at baseline and after exposure by the same
experienced researcher. We used the following protocol and
settings: level 1 (L1), 55 dB; L2, 65 dB; and a frequency ratio
(f1:f2) of 1.22. The frequencies measured were 2002, 2196,
2417, 2654, 2918, 3208, 3531, 3881, 4263, 4689, 5152, 5668,
6228, 6847, 7525, 8274, 9097, and 10 002 Hz because higher
frequencies are more prone to TTSs due to loud noise. The
database program OtoAccess (version 1.2.1; Interacoustics)
was used for the extraction of the DPOAE data in DP-grams.
After sound exposure, participants were asked to complete a
questionnaire concerning the use of alcohol and drugs, the
presence of tinnitus, and subjective hearing performance.

Two members of the research team wore calibrated noise
dosimeters (DC-112 with Capture Studio Editor Software;
CESVA) and visited the festival while the participants were
present (7 hours 27 minutes). All instruments were calibrated according to the corresponding ISO standards. The
background sound level in the audiocabins was measured
before and after the study with a sound level meter (Type
2250; Brüel & Kjær) and condenser microphone (Type 4189;
Brüel & Kjær) and was below the maximum tolerated levels.

Blinding
All investigators who performed the hearing evaluations were
blinded for the group assignment. The 2 investigators who
analyzed the data (G.G.J.R. and V.J.C.K.) were also blinded.
Participants were aware of their group assignment after initial
evaluations and before entering the festival.

Statistical Methods
To detect a difference of 3 dB on the audiogram between the
study groups, with an SD of 2.5 dB, a power calculation with a
2-tailed α of .05 and a power of 95% showed that 20 participants were needed per group. To compensate for the expected number of withdrawals and loss to follow-up, 10 additional individuals were recruited per group, resulting in a final
sample size of 60 participants. All data were normally distributed; therefore, we used mean values and performed parametric tests. Pure tone averages (PTAs) were computed for the
frequencies 3 and 4 kHz and for 0.5, 1, 2, and 4 kHz for both
ears. A threshold shift (presumed to be a TTS) was defined as
an average increase of 10 dB or more after exposure at 3 and 4
kHz in 1 ear on the audiogram. We opted for 3 and 4 kHz because noise damage is known to cause threshold shifts primarily in these frequencies.5,10
Differences in mean values between the groups were
analyzed by the independent, 2-tailed t test and proportions
by the χ2 test. For differences between the values before and
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after exposure within participants, the dependent, 2-tailed t
test was used. The relative risk for developing a TTS was
computed as the ratio between the risk for developing a TTS
in the unprotected group and the risk for developing a TTS
in the earplug group. The number needed to treat for preventing 1 TTS was calculated by the inverse of the absolute
risk reduction. Mean DPOAE levels were computed for all
frequencies between 2 and 8 kHz and for the frequencies
between 3 and 4 kHz for both ears together.
In case of missing data, a complete case analysis was performed in which missing data were excluded from the analyses. An exception was the lack of approximately one-fourth of
the 3-kHz thresholds in baseline audiometry owing to a failure to follow the protocol by one of the audiology assistants.
We decided to interpolate the 3-kHz threshold in these cases
by averaging the thresholds at 2 and 4 kHz.23 As a sensitivity
analysis for the interpolated data, we also performed a complete case analysis. All analyses were performed on an intention-to-treat basis. SPSS, version 21.0.0 for Windows was used,
and P < .05 was considered statistically significant. The P values comparing audiometric results were adjusted for multiple comparisons using the Benjamini-Hochberg procedure24
to control for the false discovery rate.

Table 1. Participant Characteristics at Baseline
and During the Music Festival

Characteristic

Missing Data
The 3-kHz audiometric thresholds were omitted in both ears
before the festival for 12 participants (6 in each study
E4

Age, mean (SD), y

27.0 (6.2)

Male sex, No. (%)

9 (35)

9 (36)

24 (92)

23 (92)

Yes, spontaneously

3 (12)

2 (8)

Yes, after listening to loud music

9 (35)

9 (36)

14 (54)

14 (56)

17 (65)

17 (68)

Western ethnicity, No. (%)

Never
Visits music club or festival
≥2 times/mo, No. (%)
Previous use of earplugs (%)
Always

0

0

Often

2 (8)

2 (8)

Sometimes

12 (46)

11 (44)

Never

12 (46)

12 (48)

277 (27)

270 (29)

≥75% of Time spent at music stages

7 (27)

12 (48)

≥75% of Time spent <10 m
from music speakers

2 (8)

0

Alcohol use, mean (SD), unitsa

4.0 (2.2)

4.2 (2.3)

Drug use, No. (%)

6 (23)

5 (20)

During Festival
Duration of festival visit,
mean (SD), min

A unit of alcohol was defined as 10 g of pure alcohol.

group). In 2 participants, a single audiometric value was
missing for the left ear (for 0.5 kHz in 1 person in the earplug
group and for 6 kHz in 1 person in the unprotected group).
The DPOAE data were missing for 8 participants at baseline
and after sound exposure in 1 or both ears because of the
inability to conduct the test (5 participants in the earplug
group and 3 in the unprotected group); the available tips on
the DPOAE probe did not fit their small external acoustic
meatuses.

Primary Outcome
There were significant differences in the proportion of TTSs
between the 2 study groups. Specifically, a TTS was observed
in 4 of 50 ears (8%) in the earplug group vs 22 of 52 ears
(42%) in the unprotected group (P < .001). Table 2 provides
the mean thresholds before and after music exposure as well
as the differences. In the earplug group for both ears, the
mean thresholds increased significantly less after exposure at
3 and 4 kHz compared with the ears in the unprotected
group. For example, at 3 kHz in the right and left ears, mean
(SD) increases of 3.3 (5.5) dB and 2.1 (6.2) dB, respectively,
were observed in the earplug group. In contrast, more severe
elevations of 8.8 (6.1) dB in the right ear and 6.5 (6.1) dB in
the left ear were observed in the unprotected group. At 4
kHz, the threshold shifts for the earplug group were 1.4 (4.2)
dB in the right ear and 0.0 (5.8) dB in the left ear compared
with 7.9 (5.5) dB in the right ear and 7.1 (6.5) dB in the left ear
for the unprotected group. The increase in PTA of 3 and 4
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27.3 (5.6)

Tinnitus history

a

Participants were recruited between August 26 and September 3, 2015, and data were analyzed from September 10 to 16,
2015. As shown in Figure 1, 51 of the 86 volunteers who were
assessed for eligibility were included in the study. Twentyfive participants were allocated to the earplug group and 26 to
the unprotected group; no participants were lost to follow-up.
As presented in Table 1, the baseline characteristics did not
differ between groups. Moreover, as evidenced by Table 2, the
baseline audiometry characteristics did not differ between
groups. For baseline DPOAEs, there was a significant difference in magnitudes between the 2 groups for 6847 Hz and
6228 Hz in the left ear (P = .02 for both); no other frequencies
differed at baseline.
The mean (SD) time spent on the festival grounds was 270
(29) minutes for the earplug group and 277 (27) minutes for
the unprotected group. The mean time-averaged, equivalent
A-weighted sound pressure level was 100 dBA. In the earplug
group, 12 participants (48%) spent 75% or more of their time
at music stages compared with 7 (27%) in the unprotected
group. None of the participants in the earplug group spent 75%
or more of their time situated less than 10 m from the music
speakers compared with 2 individuals (8%) in the unprotected group. None of the above-mentioned characteristics differed statistically significantly between the groups. The mean
(SD) time between leaving the festival grounds and the start
of the objective hearing evaluation tests was 29 (15) minutes.

Earplug
Group
(n = 25)

Baseline

Results
Characteristics of the Study

Unprotected
Group
(n = 26)
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Table 2. Audiometry Thresholds Before and After Loud Music Exposure
Mean (SD), dB
Unprotected Group
Frequency, kHz

Before

Earplug Group
After

Δ

Before

After

Δ

P Valuea

0.5
Right ear

1.4 (5.8)

5.2 (6.1)

3.9 (4.3)

2.4 (6.0)

4.4 (7.3)

2.0 (5.0)

.23

Left ear

0.8 (4.8)

4.4 (5.9)

3.7 (4.1)

1.3 (5.9)

4.4 (7.7)

2.9 (4.4)

.75

Right ear

6.0 (4.0)

9.4 (6.1)

3.5 (5.1)

6.4 (5.3)

9.8 (6.0)

3.4 (4.7)

.96

Left ear

5.2 (4.1)

9.4 (5.4)

4.2 (5.4)

5.0 (6.1)

8.6 (6.9)

3.6 (5.3)

.87

Right ear

6.5 (7.3)

11.7 (6.6)

5.2 (5.0)

5.2 (7.6)

9.2 (7.9)

4.0 (6.5)

.69

Left ear

7.7 (7.5)

11.7 (7.9)

4.0 (4.3)

5.4 (7.5)

9.8 (9.0)

4.4 (6.8)

.92

Right ear

5.3 (7.1)

14.0 (7.6)

8.8 (6.1)

6.5 (8.0)

9.8 (10.4)

3.3 (5.5)

.007

Left ear

8.0 (6.9)

14.5 (9.6)

6.5 (6.1)

8.8 (8.2)

10.9 (10.7)

2.1 (6.2)

.04

Right ear

2.9 (8.0)

10.8 (8.9)

7.9 (5.5)

5.6 (12.3)

7.0 (13.2)

1.4 (4.2)

<.001

Left ear

6.0 (9.9)

13.1 (10.6)

7.1 (6.5)

9.6 (9.9)

9.6 (10.9)

0.0 (5.8)

<.001

1.0

2.0

3.0

4.0

6.0
Right ear

5.2 (8.8)

8.5 (9.0)

3.3 (8.1)

5.4 (10.3)

6.2 (8.9)

0.8 (6.9)

.45

Left ear

6.0 (6.6)

11.9 (9.9)

5.4 (7.2)

5.2 (9.4)

8.8 (10.7)

3.6 (4.9)

.50

Right ear

10.0 (8.8)

11.7 (11.2)

1.7 (8.4)

11.8 (8.9)

13.8 (9.8)

1.9 (6.6)

>.99

Left ear

11.5 (10.3)

12.7 (9.9)

1.2 (7.3)

8.8 (8.3)

10.6 (7.1)

1.8 (5.8)

.87

Right ear

4.2 (4.8)

9.3 (5.7)

5.1 (3.7)

4.9 (6.4)

7.6 (6.9)

2.7 (3.8)

.07

Left ear

4.9 (4.9)

9.7 (5.9)

4.8 (4.1)

5.5 (5.8)

8.1 (7.2)

2.6 (4.2)

.15

Right ear

4.1 (7.0)

12.4 (7.9)

8.3 (5.4)

6.1 (9.7)

8.4 (11.4)

2.4 (4.2)

<.001

Left ear

7.0 (7.9)

13.8 (9.6)

6.8 (5.8)

9.2 (8.2)

10.3 (10.2)

1.1 (4.9)

<.001

8.0

PTA 0.5, 1, 2, 4 kHz

PTA 3 and 4 kHz

Abbreviations: Δ, difference between before- and after-festival thresholds; PTA, pure tone average.
a

An independent, 2-tailed t test compared the differences between the unprotected and earplug groups. The P values were corrected with the Benjamini-Hochberg
procedure.24

kHz was also significantly lower in the earplug group for both
ears. The complete case analysis, in which all missing 3-kHz
audiometric results were deleted, also showed significant differences between the earplug group and the control group for
3 kHz and the PTA of 3 and 4 kHz for the left and the right
ear. The relative risk for a TTS after loud music exposure in
the unprotected group vs the earplug group was 5.3 (95% CI,
2.0-14.3). The number needed to treat was 2.9: the use of earplugs in 3 individuals at this festival prevented a temporary
hearing loss in 1 individual.

Secondary Outcomes
DPOAE Measurements
Figure 2 shows the DPOAE amplitude at baseline and after exposure for the earplug and the unprotected group for both ears
combined. The DPOAEs in the earplug group did not change
following the festival visit except for 2 frequencies: 2654 Hz
(P = .04) and 2196 Hz (P = .002) for the right and left ears, respectively. In contrast, the DPOAE levels in the unprotected
group decreased significantly for 22 of the 36 tested frequenjamaotolaryngology.com

cies (61%). In the unprotected group, essentially all magnitudes for frequencies between 2 and 3 kHz decreased along
with most of the frequencies between 3 and 6 kHz. The mean
(SD) DPOAE magnitude for frequencies 2918 through 4689 Hz
decreased by 0.3 (2.8) dB in the earplug group compared with
1.9 (2.2) dB in the unprotected group (P = .04). For all frequencies between 2 and 8 kHz, the mean (SD) decrease in magnitude was 0.6 (2.8) dB in the earplug group vs 2.2 (1.9) dB in the
unprotected group (P = .04).
Subjective Outcome Measures
As indicated in Table 3, at baseline there was only 1 person in
the unprotected group with tinnitus perception. After loud music exposure, there were 3 new cases of tinnitus among 25 participants (12%) in the earplug group compared with 10 of 25
participants (40%) in the unprotected group (difference, 28%;
95% CI, 3.6%-49.0%; P = .02). There were no differences in the
objective and subjective pitch and loudness perception of tinnitus between the groups. Only 1 participant (4%) in the earplug group vs 15 (58%) in the unprotected group subjectively
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Figure 2. Distortion Product Otoacoustic Emission (DPOAE) Levels Before and After Music Exposure
Earplug group
10

5

5

DPOAE Amplitude, dB SPL

DPOAE Amplitude, dB SPL
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10

0
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−5
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2000
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The mean DPOAEs for both ears are shown before and after exposure for the earplug and the unprotected group separately. A decrease in mean levels is clear
for the unprotected group, whereas DPOAEs for the earplug group do not decrease significantly. SPL indicates sound pressure level.

Table 3. Tinnitus and Subjective Hearing Loss
Unprotected Group
(n = 26)

Outcome
Tinnitus perception before festival, No. (%)

1 (4)

P Valuea
NCb

0
c

New tinnitus perception in 1 or both ears after festival, No. (%)

Earplug Group
(n = 25)

10 (40)

3 (12)

.02

3.8 (2.5)

4.7 (4.7)

.71

19.6 (8.5)

23.8 (1.8)

.54

Objective tinnitus ADS, mean (SD)
Pitch, kHz
Loudness, dB
Subjective tinnitus, mean (SD)d
Loudness VAS

2.9 (1.4)

2.0 (1.4)

.41

Annoyance VAS

2.5 (1.8)

1.0 (1.4)

.29

4.6 (2.6)

5.0 (5.7)

Pitch VAS
Subjective hearing loss, No. (%)

15 (58)

Abbreviations: ADS, right and left ear combined; NC, not calculable; VAS, visual
analog scale.
a

Determined with the χ2 test when comparing proportions of participants with
tinnitus and subjective hearing loss, and determined with the independent,
2-tailed t test when comparing objective and subjective tinnitus measures.

thought their hearing had deteriorated (difference, 54%; 95%
CI, 29.3%-70.8%; P < .001).

Discussion
This single-blind RCT assessed the effectiveness of earplug
use at music festivals in preventing temporary hearing loss.
We found that the proportion of participants with a TTS following sound exposure was only 8% in the earplug group
compared with 42% in the unprotected group. The difference
in threshold shifts was most evident for the frequencies 3
and 4 kHz. The DPOAE amplitude decreased significantly less
E6

<.001

b

Not calculable because no participants experienced tinnitus in the earplug group.

c

Percentage is based on 25 individuals in the unprotected group who did not
have tinnitus before the festival.

d

The VAS scores ranged from 0 (very low) to 10 (very high).

for the frequencies 2 through 8 kHz in the earplug group
compared with the unprotected group. In addition, a lower
percentage of participants had tinnitus following sound
exposure in the earplug group (12% vs 40% in the unprotected group).
As in the present study, Derebery et al5 found a TTS in
either one or both ears in 33% of participants and decreased
DPOAE levels after a concert in 68%. That study, however,
was not randomized, and only 3 participants wore earplugs.
An RCT by Opperman et al21 investigated the effect of earplugs during 3 concerts and found a smaller incidence of TTS
in participants who wore earplugs: 4 of 15 (27%) who wore
earplugs compared with 9 of 14 (64%) in the unprotected
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group experienced a TTS. Those authors found significantly
lower differences in thresholds in the earplug group after the
concert for the frequencies 0.5, 3, and 4 kHz compared with
the unprotected group. Our study showed an incidence of
TTS in 22 of 52 ears (42%) in the unprotected group, which is
within the range of the above-mentioned studies. Our proportion of TTS in the earplug group, however, is lower than
that described by Opperman et al.21 An interesting finding
was the opposite attitude toward earplug use in the study by
Opperman et al, who described their participants’ refusal to
wear earplugs despite being offered free first-row tickets to a
sold-out concert.21 In our study, we had to exclude several
participants because of their explicit wish to wear earplugs.
This development may indicate that the attitude toward earplugs has begun to shift.
A strength of this study is that it was a well-designed and
well-conducted RCT and the first, to our knowledge, to
evaluate noise exposure and hearing loss at an outdoor music
festival. Another asset is that we performed hearing evaluations within half an hour of loud music exposure after participants left the festival grounds. An additional advantage
was the use of multiple objective and subjective measures of
hearing loss.
A limitation of this study is that some audiometric data
were missing, especially at 3 kHz. Because the effect of
NIHL is seen on the audiogram primarily at the frequencies
of 3 and 4 kHz, interpolation of missing data may have
reduced the effects. However, our complete case analysis, in
addition to the interpolated data, showed similar results.

ARTICLE INFORMATION
Accepted for Publication: February 7, 2016.
Published Online: April 7, 2016.
doi:10.1001/jamaoto.2016.0225.
Author Contributions: Drs Ramakers and
Kraaijenga contributed equally to this study and
share first authorship. Drs Ramakers and Kraaijenga
had full access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: All authors.
Acquisition, analysis, or interpretation of data:
Ramakers, Kraaijenga, Cattani, van Zanten.
Drafting of the manuscript: Ramakers, Kraaijenga.
Critical revision of the manuscript for important
intellectual content: Cattani, van Zanten, Grolman.
Statistical analysis: Ramakers, Kraaijenga.
Obtained funding: Grolman.
Administrative, technical, or material support:
Ramakers, Kraaijenga, Cattani, Grolman.
Study supervision: Cattani, van Zanten, Grolman.
Conflict of Interest Disclosures: None reported.
Funding/Support: The equipment and personnel
for this study were supported by the department of
Otorhinolaryngology and Head and Neck Surgery of
the University Medical Center (UMC) Utrecht, MTV
Benelux (part of Viacom International Media
Networks Northern Europe), Van Boxtel
Hoorwinkels, and Oticon Medical. MTV Soundkeepr
provided earplugs, and MTV Benelux provided the
use of their studio for the audiometric evaluations.
Van Boxtel Hoorwinkels and Oticon Medical
provided the audioboxes and audiometers used for
jamaotolaryngology.com

Other limitations of our study were the lack of the exact
level of noise exposure per individual and the possible
recovery of the TTS before the postexposure audiometry
was performed. In the earplug group, the exact duration of
individual earplug use and the individual noise reduction
rate per frequency of the earplugs was unknown. The individual noise reduction rate relied on various user-related
factors, such as insertion of the earplug in the external
acoustic meatus. The last 2 limitations have probably led to
an underestimation of the preventive effect of earplugs.
Another disadvantage of this study is that it reports on only
short-term outcomes after sound exposure. It would be
interesting to analyze the effect of sound exposure on permanent hearing loss; however, a long-term controlled
follow-up study of music venue attendees is difficult to realize both ethically and practically.

Conclusions
In this RCT, the proportions of participants with a TTS and
tinnitus were significantly lower in the earplug group compared with the unprotected group. In addition, a significantly
greater decrease in DPOAE amplitudes was seen in the
unprotected group compared with the earplug group. This
RCT adds evidence that earplugs are effective in preventing
temporary hearing loss during high recreational music levels.
Therefore, the use of earplugs should be actively promoted
and encouraged to avoid NIHL.

the hearing evaluations. Laura Vogelsang provided
free tickets to the music festival.
Role of the Funder/Sponsor: The earplugs were
provided by MTV Soundkeepr; the rest of the
funding sources had no role in the design and
conduct of the study; collection, management,
analysis, and interpretation of the data;
preparation, review, or approval of the manuscript;
and decision to submit the manuscript for
publication.
Additional Contributions: Special thanks to Tjalle
Story (managing director, Soundkeepr), Frans Story
(general manager, Van Boxtel Hoorwinkels), Jaco
Peeringa (director brand communications, VIMN
Northern Europe), and Paul den Heijer (sales
manager, Benelux Oticon Medical) for their
cooperation before, during, and after the festival.
Jeroen Peters, MD, Bernard Vonck, MD, Aren
Bezdjian, MSc, Anne Wendrich, MD, Justin Swartz,
MD, Eveline Baltissen, BSc, Maloe Kelderman, BSc,
Jacqueline Dello (audiology assistant), Mirjam
Verweij (audiology assistant), Loes Mars (audiology
assistant), Mieke Janssen (audiologist), and Joke
Tollens (audiology assistant) (Research and
Audiological Department of the UMC Utrecht) and
Jolanda Lafeber (audiology assistant), Regina ’t
Hart (audiology assistant), and Lenie Nagtegaal
(commercial assistant) (Van Boxtel Hoorwinkels)
provided assistance during the festival. Inge
Stegeman, PhD, provided input on the statistical
analyses, and Aren Bezdjian, MSc, reviewed the
manuscript (both are from the Department of
Otorhinolaryngology and Head and Neck Surgery,
UMC Utrecht). All contributors were financially

compensated by their employer or received an
extra day off. We thank all of the participants
included in this study. We appreciate the
commitment of all those involved in this study to
protect the younger generation from future
sensorineural hearing loss.
REFERENCES
1. Shargorodsky J, Curhan SG, Curhan GC, Eavey R.
Change in prevalence of hearing loss in US
adolescents. JAMA. 2010;304(7):772-778.
2. Smith PA, Davis A, Ferguson M, Lutman ME. The
prevalence and type of social noise exposure in
young adults in England. Noise Health. 2000;2(6):
41-56.
3. Bray A, Szymański M, Mills R. Noise induced
hearing loss in dance music disc jockeys and an
examination of sound levels in nightclubs.
J Laryngol Otol. 2004;118(2):123-128.
4. Serra MR, Biassoni EC, Richter U, et al.
Recreational noise exposure and its effects on the
hearing of adolescents, part I: an interdisciplinary
long-term study. Int J Audiol. 2005;44(2):65-73.
5. Derebery MJ, Vermiglio A, Berliner KI, Potthoff
M, Holguin K. Facing the music: pre- and
postconcert assessment of hearing in teenagers.
Otol Neurotol. 2012;33(7):1136-1141.
6. Carter L, Williams W, Black D, Bundy A. The
leisure-noise dilemma: hearing loss or hearsay?
what does the literature tell us? Ear Hear. 2014;35
(5):491-505.

(Reprinted) JAMA Otolaryngology–Head & Neck Surgery Published online April 7, 2016

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archotol.jamanetwork.com/ by Ilke Jellema on 04/12/2016

E7

Research Original Investigation

Preventing Recreational Noise–Induced Hearing Loss

7. Zhao F, Manchaiah VKC, French D, Price SM.
Music exposure and hearing disorders: an overview.
Int J Audiol. 2010;49(1):54-64.
8. Clark WW, Bohne BA. Effects of noise on
hearing. JAMA. 1999;281(17):1658-1659.
9. Howgate S, Plack CJ. A behavioral measure of
the cochlear changes underlying temporary
threshold shifts. Hear Res. 2011;277(1-2):78-87.
10. Le Prell CG, Dell S, Hensley B, et al. Digital
music exposure reliably induces temporary
threshold shift in normal-hearing human subjects.
Ear Hear. 2012;33(6):e44-e58.
11. Liberman MC, Dodds LW. Single-neuron labeling
and chronic cochlear pathology, II: stereocilia
damage and alterations of spontaneous discharge
rates. Hear Res. 1984;16(1):43-53.
12. Moore Brian CJ. Cochlear Hearing Loss:
Physiological, Psychological and Technical Issues. 2nd
ed. Cambridge, England: John Wiley & Sons Ltd; 2007.
13. Eggermont JJ, Roberts LE. The neuroscience of
tinnitus. Trends Neurosci. 2004;27(11):676-682.
14. Moshammer H, Kundi M, Wallner P, Herbst A,
Feuerstein A, Hutter H-P. Early prognosis of

E8

noise-induced hearing loss. Occup Environ Med.
2015;72(2):85-89.
15. Peters RJ. The role of hearing protectors in
leisure noise. Noise Health. 2003;5(18):47-55.
16. Helleman HW, Dreschler WA. Short-term
music-induced hearing loss after sound exposure to
discotheque music: the effectiveness of a break in
reducing temporary threshold shift. Int J Audiol.
2015;54(suppl 1):S46-S52.
17. Gilles A, Van Hal G, De Ridder D, Wouters K,
Van de Heyning P. Epidemiology of noise-induced
tinnitus and the attitudes and beliefs towards noise
and hearing protection in adolescents. PLoS One.
2013;8(7):e70297.
18. Gupta N, Sharma A, Singh PP, Goyal A, Sao R.
Assessment of knowledge of harmful effects and
exposure to recreational music in college students
of Delhi: a cross sectional exploratory study. Indian
J Otolaryngol Head Neck Surg. 2014;66(3):254-259.
19. Quintanilla-Dieck M de L, Artunduaga MA,
Eavey RD. Intentional exposure to loud music: the
second MTV.com survey reveals an opportunity to
educate. J Pediatr. 2009;155(4):550-555.

20. Kraaijenga VJC, Ramakers GGJ, Grolman W.
The effect of earplugs in preventing hearing loss
from recreational noise exposure: a systematic
review [published online March 3, 2016]. JAMA
Otolaryngol Head Neck Surg. doi:10.1001/jamaoto
.2015.3667.
21. Opperman DA, Reifman W, Schlauch R, Levine
S. Incidence of spontaneous hearing threshold
shifts during modern concert performances.
Otolaryngol Head Neck Surg. 2006;134(4):667-673.
22. World Medical Association. World Medical
Association Declaration of Helsinki: ethical
principles for medical research involving human
subjects. JAMA. 2013;310(20):2191-2194. doi:10
.1001/jama.2013.281053.
23. Gurgel RK, Jackler RK, Dobie RA, Popelka GR.
A new standardized format for reporting hearing
outcome in clinical trials. Otolaryngol Head Neck Surg.
2012;147(5):803-807.
24. Benjamini Y, Hochberg Y. Controlling the false
discovery rate: a practical and powerful approach to
multiple testing. JR Stat Soc. 1995;57(1):289-300.

JAMA Otolaryngology–Head & Neck Surgery Published online April 7, 2016 (Reprinted)

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archotol.jamanetwork.com/ by Ilke Jellema on 04/12/2016

jamaotolaryngology.com

