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Introduction

The excessive noise present in schools has been a complaint
frequently reported by teachers in Brazil. The classroom,
which is often built with inappropriate acoustic require-
ments or low noise isolation, suffers from both external and
internal sources of noise.1–3

Factors such as background noise levels, the difference
between speech signal and noise, and reverberation time
directly influence communication inside the classroom.3,4

The American National Standards Institute (ANSI)5 recom-
mends that noise in an unoccupied classroom should not

exceed 35 dB (A), and the difference between the voice of the
teacher and the background noise should bemore than 15 dB
to the children’s ears. Although the Brazilian Association of
Technical Norms (ABNT) has established that noise inside the
classroom should not exceed 50 dB (A),6 several studies
conducted in Brazil3,4,7,8 have reported intensities close to
or higher than 60 dB (A). Excessive noise can disturb people at
work, rest, and sleep, impair hearing, and other physical
effects can include muscle tension and increased blood
pressure (hypertension).8–12 With respect to teachers, the
main complaints are related to fatigue, stress, headaches, and
anxiety.1,2,8,13
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Abstract Introduction The excessive noise observed in the school environment can cause
damages or losses to the learning process as well as risks to the health of teachers and
students, such as physical, mental and social impairments, including, among them,
hearing loss.
Objective To assess otoacoustic emissions in teachers and determine whether
classroom noise reduces distortion-product otoacoustic emissions (DPOAEs) ampli-
tude and signal-to-noise ratio (SNR).
Method Sixty-seven teachers were evaluated using otoacoustic emissions testing in
two situations: after hearing rest and after the working day.
Results Signal amplitude (p¼ 0.044 [2 kHz]; p¼ 0.01 [4 kHz]) and SNR for frequencies
of 2 kHz (p¼ 0.008) and 4 kHz (p¼ 0.001) decreased significantly between time points.
Mean classroom noise was associated with the magnitude of the difference in signal
amplitude at 2 kHz (p¼ 0.017) and 4 kHz (p¼ 0.015), and SNR at 4 kHz (p¼ 0.023).
Conclusions There was a decrease in the amplitude and in the SNR after exposure to
the noise in the classroom environment. The high levels of sound pressure that
teachers are exposed to on a daily basis can cause a temporary change in the outer
hair cells of the Corti organ, and these changes may become permanent over time.
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Intense noise exposure may generate temporary or per-
manent hearing disorders. Temporary threshold shift occurs
when the ear reduces auditory sensitivity for a short period
of time but is able to recover fully upon cessation of expo-
sure.12 The presence of these temporary changes may indi-
cate a susceptibility to permanent hearing loss.12,14,15When
a permanent and gradual hearing reduction occurs due to
exposure to high levels of sound pressure, the result is noise-
induced hearing loss (NIHL).

Several studies have used distortion-product otoacoustic
emissions (DPOAEs)asameansofassessing thefunctionalityof
outer hair cells inworkers exposed to noise, as this test permits
the identification of the beginning of cochlear injury, even
before any change can be perceived via audiometry9,16,17. The
advantage of using DPOAEs refers to the sensitivity in the early
identification of changes caused by noise, due to their good
record at the frequencyof 4 KHz, frequencyaffected byNIHL.17

Therefore, DPOAEs can improve the efficacy of hearing preser-
vation programs by providing more direct and reliable mea-
surement of early changes and damage to the inner ear.17,18

Within this context, our objectivewas to assess DPOAEs in
a group of teachers in the Federal District of Brazil to
determine whether noise in the classroom would reduce
the amplitude and signal-to-noise ratio (SNR) of DPOAEs.

Methods

This was a cross-sectional study involving primary school
teachers from four schools that belong to the public school
system of Samambaia in the administrative region of the
Federal District. The schools were chosen at random by
regional education coordinators at sites without marked
exposure to sources of external noise, such as construction
work, traffic, or industries.

All teachers from the selected schools were invited to
participate in the study. Due to the refusal of some profes-
sionals, the selected sample consisted of thosewho agreed to
participate in the study. Sixty-seven out of 110 invited
teachers were included in this study by self-agreement and
fulfillment of the eligibility criteria. The exclusion criteria
were the presence of earwax, use of a hearing aid, exposure
to occupational noise outside the classroom, inflammatory
and infectious diseases of themiddle or external ear, and use
of common ototoxic drugs (aminoglycoside antibiotics, sal-
icylates, quinine, antineoplastic agents and loop diuretics).
No participants were excluded.

Procedure
Thestudywasconducted in twostages:before thebeginningof
classroomwork (with a hearing rest) and at the end of classes
(after the working day). All teachers evaluated had signed a
contract towork 40 hours per week, with classroom exposure
time corresponding to one shift (5 hours of exposure).

The ear canal was initially inspected to determine the
presence of ear wax, secretions, and perforation of the
tympanic membrane. Teachers were then placed inside a
Prostec portable sound proof booth for the examination of
DPOAEs. The right ear of each individual was the first to be

tested in all cases, followed by the left ear. The DPOAEs
equipment used in the present study, Ero-Scan (MAICO
Diagnostics, Eden Prairie, MN, USA), automatically moni-
tored noise levels, the linearity of the stimulus during the
test, and the appropriate position of the probe. Subsequent to
completion of the test, the teachers went to their classrooms
and, at the end of the working period, they returned for the
second DPOAEs recording. These procedures were followed
by teachers working both morning and afternoon shifts.
Teachers from the afternoon shift were asked to maintain
hearing rest during the morning period.

The following parameters were used for DPOAEs record-
ing, two simultaneous pure tones with different frequencies
were used at intensities of P1 (65 dB SPL) and P2 (55 dB SPL),
at frequencies of 2, 4, 6 and 8 kHz.

For the DPOAEs test, we considered results with ampli-
tudes of �5 decibel sound pressure level (dB SPL) or higher
and an SNR of 6 dB SPL or higher at all four frequencies tested
(2, 4, 6, and 8 kHz) to have passed. An individual analysis was
also performed for each frequency, using amplitude and SNR.

During the classes, measurements were performed inside
the classroom to determine teachers’ noise exposure levels,
assessed that day, using a calibrated 0 dB SIP95 Sound Level
LoggingMeter (ACOEMGroup, Limonest, France). The instru-
ment was placed parallel to the teacher at a height of 1 m
from the floor and a distance of 1m.

The SPL was measured in dB (A) at an equivalent energy
level (Leq), which represents average sound energy for a
given time. The choice of dB (A) measurement (A-weighting)
was made due to the possibility of measuring SPLs at differ-
ent frequencies in a manner comparable to the organ of
human hearing.19 Besides mean acoustic energy, minimum
and maximum noise levels were recorded. Our experiment
was designed to maintain the routines and behavior of
teachers and students in the classroom. For each evaluation,
three measurements of 10minutes in duration were per-
formed in the classroom at intervals of at least 1 hour. In
total, 201 recordings were made during the classroom activ-
ities with the students in the room.

Instruments and Statistical Analysis
The SPSS software version 21.0 (IBMCorp., Armonk, NY, USA)
was used for data analysis and determination of correlations.
Data collected were submitted to descriptive analysis using
means and standard deviations. Normality and homogeneity
tests were performed to determine the analysis methods.

The differences between the groups were investigated
using t-tests. An analysis of variance (ANOVA) was used to
determine differences between presence of DPOAEs and age
and teaching experience. A chi-square test was used to exam-
ine the relationships between the presence of DPOAEs and
gender.

A paired t-test was used to compare the values obtained at
the two moments of assessment (via DPOAEs). The Pearson
correlation coefficients were used to determine associations
between noise level and the differences between DPOAEs
range and amplitude and SNR ratio. The level of statistical
significance was set at p< 0.05.
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The study was approved by the Research Ethics Commit-
tee of the Faculty of Health Sciences, Universidade de Brasília
(Protocol No. 476.166).

Results

The study included 67 teachers agedbetween 21 and54years
(mean 37.1 years; standard deviation [SD]¼ 8.4), of whom
61 (91%) were female and 6 (9%) were male. The duration of
their teaching experience ranged from 1 to 27 years (mean
10.7 years SD¼ 6.8). Comparisons between the 4 schools did
not reveal significant differences in teachers’ age or duration
of teaching experience (paired t-test, p> 0.1 for all). In
addition, no significant differences in DPOAEswere observed
between the right and left ears or according to gender (paired
t-tests, p> 0.1 for all). Therefore, the data for the teachers of
the 4 schools were pooled to total 134 ears.

The mean (�SD) noise level during the classroom activi-
ties with the students in the roomwas 76.9� 5.4 dB (A), with
a range of 59.1� 4.3 to 90� 7.1 dB (A); however, maximum
recordings were as high as 128 dB (A).

The DPOAEs were classified as FAIL, UNILATERAL PASS, or
BILATERAL PASS. A total of 20.9% (n¼ 14) of the subjects had
DPOAEs present at all frequencies in only one ear (UNILAT-
ERAL PASS), and 16.4% (n¼ 11) had DPOAEs present at all
frequencies in both ears (BILATERAL PASS). There was no
association between DPOAEs (FAIL, UNILATERAL PASS, BI-
LATERAL PASS) and teachers’ ages (F [2, 64]¼ 1.24, p¼ 0.297)
or duration of teaching experience (F (2, 64)¼ 0.256,
p¼ 0.775, one-factor ANOVA). There was no association
between presence of DPOAEs (PASS) and gender ([C2]
p¼ 0.26).

Regarding distribution according to frequency, DPOAEs
were present in 94% of the teachers’ ears (n¼ 126) at 2 kHz,

86.6% (n¼ 116) at 4 kHz, 59% (n¼ 79) at 6 kHz, and 33.6%
(n¼ 45) at 8 kHz.

A significant difference in amplitude (DPOAEs) was
observed when hearing rest and hearing after a working
day were compared at frequencies of 2 kHz (mean differ-
ence¼ 0.75, t (133)¼ 2.03, p¼ 0.044) and 4 kHz (mean
difference¼ 0.96, t (133)¼ 3.25, p¼ 0.001; ►Table 1). With
respect to SNR (DPOAEs), a significant difference was
observed at frequencies of 2 kHz (mean difference¼ 1.25,
t (133)¼ 2.71, p¼ 0.008) and 4 kHz (mean difference¼ 1.14,
t (133)¼ 3.68. p< 0.001; ►Table 2).

A correlation was detected between mean noise level in
the classroom and the magnitude of the difference in
the signal amplitude at frequencies of 2 kHz (r¼ 0.183,
p¼ 0.017) and 4 kHz (r¼ 0.187, p¼ 0.015). Noise level was
also correlated with the difference between the two meas-
urements for SNR at the frequency of 4 kHz (r¼ 0.173,
p¼ 0.023, unilateral Pearson correlation).

Discussion

According to the ANSI,5 the acceptable level of background
noise in the classroom is 35 dB (A), and for efficient commu-
nication, the relation between background noise and the
vocal signal emitted by the teacher must be more than
15 dB.5,10 The ABNT6 suggests that background noise should
not exceed 50 dB (A), and acceptable levels should be be-
tween 35 and 45 dB (A).

In the present study, themean noise level measured in the
classroom was 76 dB (A). In addition to generating inappro-
priate conditions for learning, this excessive noise may have
caused physical and mental exhaustion and hearing loss in
teachers.1,11,13 Although the SPLs detected were higher than
those recommended, they were similar to those reported

Table 1 Mean amplitude in dB of the signal for frequencies of 2, 4, 6, and 8 kHz prior and subsequently to noise exposure during a
working day

Frequency Moment 1
(at hearing rest)

Moment 2
(after a working day)

p-value

2 KHz 6.22 (6.83) 5.48 (6.96) 0.044�

4 KHz �0.66 (5.52) �1.62 (5.90) 0.001�

6 KHz �4.17 (8.27) �4.14 (8.73) 0.950

8 KHz �8.57 (8.27) �8.92 (8.48) 0.489

Data are reported as mean and standard deviation (SD). Paired t-test, p< 0.05.

Table 2 Mean signal in dB to noise ratio for frequencies of 2, 4, 6, and 8 kHz prior and subsequent to noise exposure during a
working day

Frequency Moment 1
(at hearing rest)

Moment 2
(after a working day)

p-value

2 KHz 20.13 (7.36) 18.89 (7.46) 0.008�

4 KHz 19.38 (5.56) 18.24 (5.88) 0.001�

6 KHz 15.63 (8.38) 15.64 (8.75) 0.987

8 KHz 9.24 (8.53) 8.82 (8.61) 0.468

Data are reported as mean and standard deviation (SD). Paired t-test, p< 0.05.
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in other studies, withmeans exceeding 60 dB (A).3,4,7,8 As the
schools studied are positioned in remote locations along
roads with little vehicular or overhead airline traffic, we
believe that internal sources were the major cause of sound
pollution, as observed in other studies.1,2,7

Several studies have been conducted using DPOAEs
tests14,19,20 to detect sudden cochlear changes due to noise
exposure. Despite the insufficiency of investigations involv-
ing teaching populations, we selected the DPOEAs tests to
assess noise-induced hearingdamage in teachers. This choice
wasmade due to the possibility of assessing cochlear activity
in a global manner, from basal (high frequencies) to apical
(low frequencies), according to specific frequencies with
DPOAEs, providing a more extensive analysis of cochlear
function.

Some studies have concluded that DPOAEs are useful for
the diagnosis of NIHL,21,22 although the latter are more
efficient for the early diagnosis of individuals with appar-
ently normal hearing. DPOAEs can be used to evaluate
responses at high frequencies, which are the first to be
involved in noise exposure, and the damage is not detectable
by tone audiometry.22 A study performed with hospital staff
identified that sound pressure levels and exposure time did
not influence the attainment of tonal auditory thresholds.
However, otoacoustic emissions were more altered as the
sound pressure level and the time of exposurewere higher.16

Marques and Costa9 demonstrated an association be-
tween absent DPOAEs response and exposure to occupation-
al noise in the frequency range of 3; 4; and 6 kHz, which is
where initial hearing injuries occur. In the present study,
only 16.4% and 20.9% of cases met the “pass” (DPOAEs)
criterion for both ears and one ear, respectively. Analysis
of individual frequencies revealed a progressive reduction in
the presence of DPOAEs according to frequency range (the
higher the frequency, the lower the prevalence of DPOAEs).
This has also been reported by others.16,23 Attias24 observed
that the prevalence of DPOAEs absence increased gradually
between 2 kHz (9%) and 6 kHz (52%). A study involving
subjects with normal hearing detected reduced DPOAEs
amplitude and SNR relative to a reference group when
exposed to noise at all frequencies tested (2–6 kHz).17 The
same study, which only used the SNR> 6 criterion, showed a
lower incidence of DPOAEs at frequencies of 2 and 4 kHz and
a higher incidence at the frequency of 6 kHz relative to our
results. The left and right ears did not differ significantlywith
respect to the prevalence of DPOAEs changes, suggesting that
exposure occurs in a uniformmanner in both ears, and there
is no tendency toward hearing loss lateralization. Similar
results were reported in a study involving subjects with
normal hearing who were exposed to occupational noise
(metal industry), with changes in DPOAE in the right and left
ears in 72 and 66% of cases.23

In addition, it is worth noting that there were no associ-
ations between DPOAEs groups (passes, goes in one ear,
failure) and age or duration of exposure. We expected
teachers with longer durations of exposure to show worse
results, but this hypothesis was not confirmed. Therefore, we
believe that this occurred due to changes in outer hair cells in

younger teachers due to regular and frequent exposure to
non-occupational noise (e.g., MP3 and nightclub music).
Young people are now constantly exposed to high levels of
sound pressure and already early show changes in outer hair
cells.25

According to the International Organization for Stan-
dardization, 1999: 2013,15 constant exposure to high SPLs
can lead to permanent impairment of the hearing organ,
which occurs gradually with months, years, or decades of
exposure. Noise-induced permanent threshold shift is usu-
ally preceded by a reversible temporary effect known as
temporary threshold shift; however, the severity of this
shift and recovery from its effects depend on the extent and
duration of exposure. These temporary changes can gener-
ate a reduction in hearing sensitivity and DPOAE ampli-
tude.18,19,26 Studies comparing pre- and post exposure to
high sound pressure levels have demonstrated that DPOAE
is more sensitive than tone audiometry in monitoring early
cochlear changes.20,21 Several studies14,20 have reported
changes in DPOAE amplitude following noise exposure.
However, with respect to the frequencies involved, there
were differences that may have been related to the type of
noise to which the subjects were exposed or the methodol-
ogy applied.

In the present study, we observed a significant reduction
in signal amplitude and DPOAEs SNR at frequencies of 2 and
4 kHz at the end of a working day. A relationship was also
detected betweenmean noise exposure in the classroom and
the magnitude of the difference in DPOAEs signal amplitude
at frequencies of 2 and 4 kHz, and SNR at a frequency of
4 kHz. These data led us to conclude that the higher the noise
level inside the classroom, the greater the difference be-
tween the two time points (with respect to hearing rest and
measurement following a working day). That is to say that
the higher the noise exposure level, the lower the amplitude
of the signal measured following a working day at frequen-
cies of 2 and 4 KHz. Because of the difficulty involved in
finding studies involving the similar population, we can only
compare our results to those obtained in studies in which
subjects were exposed to other types of noise. A study
conducted prior and subsequent to the use of a walkman
at high intensity for 60minutes demonstrated a significant
reduction in DPOAE amplitude at frequencies of 3, 4, and
6 kHz.27 With respect to noise produced by firing a gun, a
study conducted by Konopka et al.20 revealed a mean reduc-
tion in response amplitude throughout the range evaluated
in 19 of 20 participants, particularly at frequencies of 1 and
3 kHz for the left ear. According to the authors, this difference
between ears is a reflex of body posture when shooting. A
study involving the practice of physical activity with the
use of a walkman at a mean intensity of 90.5 dB (A) for
30minutes reported a decrease in DPOAE response from
100% prior to exposure to 75% subsequent to exposure. The
higher frequencies, 3, 4, and 5 KHz, showed a higher number
of failures at the second measurement.26 Comparing the
results of this research to those described above, it appears
that, relative to other frequencies, 4 kHz is affectedmostwith
respect to amplitude and SNR.
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Individual who are more sensitive to intense noise, and
probably more susceptible to NIHL, tend to show a higher
incidenceof temporarychange inhearing thresholds.21Even in
the case that permanent hearing loss is a not the consequence,
exposure to noise, even in short periods, can generate a
cumulative damage.28 In our study, changes in DPOAE may
have been associated with the transitory threshold changes
and might precede a NIHL. The results showed relationships
between average classroom noise levels and the magnitude of
the difference in response amplitude at 2 and 4 kHz and SNR at
4 kHz.Thesedatasuggest that thehigher thenoise levelpresent
in the classroom, the greater the difference between the two
moments (with auditory rest and after working hours), and
serve todemonstrate that noise in schools can leadtoaharmful
auditory effects, which is initially temporary but may become
permanent with continued exposure.

In addition to improving the acoustics in schools, it is
necessary to create public policies to educate students and
raise their awareness regarding noise reduction. Currently,
the Brazilian legislation that is directed at workers’ health
requires the monitoring of hearing when there is occupa-
tional exposure to noise. Therefore, it is essential that further
research focusing on teachers’ hearing health is conducted to
provide data prompting reconsideration of protective action,
both individually and collectively.

Conclusion

Comparison of the two assessments (prior and subsequent to
exposure) revealed significant reduction in signal amplitude
and DPOAE SNR at 2 and 4 kHz. These data are extremely
significant, because the high SPLs that teachers are exposed
daily can cause a temporary change in outer hair cells of the
organ of Corti, and these changes can become permanent
over time.
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