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ABSTRACT

Purpose: To analyze distortion product evoked otoacoustic emissions in
normal-hearing adults aged between 18 and 50 years old, and to associate
the results with the findings of tympanometry. Methods: 27 medical records
were selected of adults with the following conditions: normal hearing;
without auditory complaint; with type A, Ad or Ar tympanometric curve;
with presence of acoustic reflexes; with no complaint of tinnitus or frequent
exposure to high sound pressure levels; with minimal auditory rest of
14 hours at the time of the test, and who had undergone distortion product
evoked otoacoustic emission (DPOAE) testing. The results of otoacoustic
emissions were analyzed considering the results of the tympanometric curves
presented by these individuals. For the data analysis, non-parametric tests
were applied, and the level of significance was 5%. Results: The results
of otoacoustic emissions of 54 ears were analyzed. There was a greater
occurrence of the type A curve in individuals without auditory complaints.
Regardless of side, most ears whose response was present in the DPOAE
test also presented normal tympanometric curve. There was a positive
correlation between DPOAE amplitude and middle ear volume for the
6000Hz frequencies (p = 0.048) and a tendency to significance at 4000Hz
(p = 0.054). Conclusion: There was a higher occurrence of otoacoustic
emissions present in normal-hearing individuals and type A tympanometric
curve, and the amplitude of DPOAE at 6000Hz was smaller in normal-hearing
individuals and type Ar or Ad tympanometric curve.
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RESUMO

Objetivo: Analisar as emissdes otoacusticas evocadas produto de distor¢ao
(EOAPD) de individuos adultos entre 18 e 50 anos, com audigao normal, e
associar os resultados com os achados a timpanometria. Métodos: Foram
selecionados 27 prontuarios de adultos com audi¢do dentro dos padrdes
de normalidade, sem queixa auditiva, com curva timpanométrica do
tipo A, Ad ou Ar, presenca de reflexos acusticos, sem queixa de zumbido e
de exposi¢ao frequente a niveis de pressdo sonora elevados, com repouso
auditivo minimo de 14 horas no momento do exame e que realizaram o
exame de emissodes otoacusticas evocadas produto de distor¢ao. Os resultados
do exame de emissdes otoacusticas foram analisados considerando os
resultados das curvas timpanométricas apresentadas por estes individuos.
Para analise dos dados foram aplicados testes ndo paramétricos e o nivel
de significancia foi de 5%. Resultados: foram analisados os resultados
das emissdes otoacusticas de 54 orelhas. Observou-se maior ocorréncia
da curva do tipo A em individuos sem queixas auditivas. Independente do
lado, a maioria das orelhas que apresentou resposta presente ao exame de
EOAPD, apresentou, também, curva timpanométrica normal. Observou-se
correlagdo positiva entre a amplitude das EOAPD e o volume da orelha
média para as frequéncias de 6000 Hz e uma tendéncia a significancia
em 4000 Hz Concluséio: Foi possivel concluir que ha maior ocorréncia
de emissoes otoacusticas presentes em individuos com audi¢ao normal e
curva timpanométrica do tipo A e que a amplitude das EOAPD em 6000 Hz
mostra-se menor nos individuos com audi¢ao normal e curva timpanométrica
do tipo Ar ou Ad.

Palavras-chave: Amplitude; Audi¢ao; Testes auditivos; Reflexo actstico;
Testes de impedancia acustica; Emissdes otoacusticas espontaneas
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INTRODUCTION

In 1978, otoacoustic emissions (OAE) were defined as sounds
generated in the normal cochlea, released from the inner ear to
the outer ear, which can be recorded by a probe inserted in the
external auditory meatus (EAM), coupled to a microcomputer®.

Otoacoustic emission testing evaluates the functioning of
the outer hair cells (OHC) and is subdivided into two groups:
spontaneous emissions, whose recording does not require the
presence of sound stimuli, and evoked otoacoustic emissions
(EOAESs), which are generated with the presence of sound
stimuli and are classified into two types: intransient evoked
otoacoustic emissions (TOAEs) and distortion-product evoked
otoacoustic emissions (DPOAEs)®.

TOAE:S can be evoked by clicks that cover a wide range of
frequencies, scanning the cochlea; they are found in individuals
with normal cochlear function®®. DPOAEs are evoked by
two pure tones of similar frequencies, applied simultaneously
(f1 and £2). Since the cochlea is unable to linearly amplify two
different stimuli at that same time, intermodulation occurs,
generating a distortion-product response. The intermodulation
response normally used in clinical practice is 2f1-2*.

OAEs are released from the inner ear, through the entire
middle ear structure, cross the tympanic membrane (TM) and
are recorded in the EAM. Abnormal results of OAE tests may
be related not only to malfunction of the OHC, but also to any
problem that compromises the transmission of energy generated
by the cells in the path through the middle and/or outer ear.
Thus, changes in the mobility of the tympanic-ossicular system,
caused by low or high admittance, may affect or conceal the
results of TOAEs/DPOAEs®).

Importantly, when detecting the presence of OAE responses,
both from TEOAEs and DPOAEs, the tests show integrity of
both OHC and conduction, that is, the middle ear is also intact”.
For this reason, immittance testing needs to be performed
before OAEs to rule out any dysfunction of the middle ear.
Immittance testing is objective, easy and quick to apply. It is
used for analyzing the mobility of the tympanic-ossicular system
and searching for stapedial acoustic reflexes, allowing a more
thorough evaluation of the middle ear®®.

Acoustic immittance measurements can be used to define
the type of tympanometric curve. There are three types of
tympanograms®: type A tympanogram, which indicates normal
middle ear, usually found in individuals with normal hearing
or sensorineural hearing loss; type B tympanogram, in which
fluid is present inside the middle ear; and type C tympanogram,
whose peak pressure is shifted toward the negative pressure
region, which suggests Eustachian tube dysfunction. Within
group A, there are two other types: type As/Ar tympanogram,
which reflects rigidity of the tympanic-ossicular system,
and type Ad tympanogram, found in individuals with great
mobility of the tympanic-ossicular system!?, Thus, there may
be distortions in the recording of OAEs, because of the low or
high admittance of the system.

In clinical practice, it has been found that some individuals,
even with normal hearing and without hearing complaints,
present abnormal tympanometric curves (type Ad or Air),
which can, eventually, compromise the recording of otoacoustic
emissions!.

Thus, as hearing is an important sense for individuals to
live in society, an accurate diagnosis of the auditory pathway
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is essential to carefully define the treatment required. Based on
the considerations presented above, the aim of this study was
to analyze the distortion-product evoked otoacoustic emissions
of normal-hearing adults and to associate the results with the
findings of the tympanometric measurements.

METHOD

This is an observational, descriptive, analytical, retrospective
study, carried out in a private clinic in the countryside of the
state of Sdo Paulo. This research only began after the project had
been analyzed and approved by the Research Ethics Committee
ofthe Universidade do Oeste Paulista (Unoeste), under protocol
number CAAE 63539416.4.000.5515.

This research was exempted by the Research Ethics
Committee from an Informed Consent Form (ICF) because it
is a retrospective study which used old medical records.

For this research, analyses were made of the medical records of
adult individuals, aged between 18 and 50 years old. Information
collected included medical history, and results of meatoscopy,
pure tone audiometry, speech audiometry, immittance testing
and distortion-product evoked otoacoustic emissions. Medical
records were selected of adults with the following conditions:
normal hearing'V, without hearing complaints, with A, Ad or
Ar type tympanometric curve®, presence of acoustic reflexes!?,
without complaints of tinnitus and of frequent exposure to high
sound pressure levels, with a minimum hearing rest of 14 hours
at the time of the test, and who had undergone distortion-product
evoked otoacoustic emission testing.

Pure-tone audiometry and speech audiometry tests were
performed in a soundproof booth, using an Interacoustic AD 229b
audiometer. Immittance testing was performed with an Interacoustic
AZ7 impedance meter. Distortion-product evoked otoacoustic
emissions were measured using a Starkey DP 2000 DPOAE
Measurement System, with its respective software properly
installed in a notebook. The established parameters followed
the standard recommended by the manufacturer and
also proposed by Gorga et al.'¥, namely: two pure tones
f1 L1=65dBSPL/{2 L2 =55 dBSPL, yielding the value of the
product 2f1-f2. The frequencies of 2000, 3000, 4000 and 6000 Hz
were investigated. Duration of the evocative stimulus was
4 seconds for 6000 and 4000 Hz, 6 seconds for 3000 Hz and
8 seconds for 2000 Hz. Another parameter in use was probe
stability greater than or equal to 90%. A DPOAE was considered
to be present when 2f1-f2 was at least 6 dBSPL above the first
standard deviation of the noise at the evaluated frequency,
minimum amplitude was -10 dB and the background noise
level was equal to or less than -5dBSPL{419),

A spreadsheet was prepared for data collection, containing
equivalent volume of the middle ear (mL), maximum compliance
peak (daPa) and the result of DPOAESs for the frequencies
0f 2000, 3000, 4000 and 6000 Hz.

After the end of data collection, all the results underwent
descriptive and inferential statistical analysis with non-parametric
tests. The level of statistical significance was set at 5%(< 0.05).
The Wilcoxon test was used to compare the results for equivalent
volume of the middle ear, maximum compliance peak and
signal-to-noise ratio (S/N ratio) of otoacoustic emissions per
ear. The two-proportion z-test was used to characterize the
distribution of percentages for the type of tympanometry found
for each ear, and the Chi square test was used to measure the
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relationship between tympanometry and the results of otoacoustic
emissions. Finally, the Mann-Whitney test was used to compare
the normal and abnormal groups, as regards the results for
tympanometry and the results for otoacoustic emissions.

RESULTS

A total of 262 medical records were analyzed,
but only 27 of them (54 ears) were included in the research,
because of the inclusion criteria established previously.
The average age of the sample was 38.3 years, 18 (66.7%) of
whom were females and 9 (33.3%) were males.

There was no significant difference in the results between the
ears for the values described for tympanometry and DPOAEs

(Tables 1 and 2). There was a greater occurrence of the type A
curve in individuals without hearing complaints, for both ears
(Table 3).

For the analysis of the findings, only the type A tympanometric
curve was considered to have normal tympanometry results®.
Table 4 shows a significant association between the results
for DPOAEs (normal and abnormal) and the results for
tympanometry (Table 4). Regardless of side, 86% of the ears
which showed a present response to the DPOAE test also had
a normal tympanometric curve.

Finally, the amplitude values of DPOAEs were compared, per
frequency, considering the results of tympanometry (normal or
abnormal). The Mann-Whitney test showed a significant difference
for the frequency of 6000 Hz (p = 0.048) and a tendency towards
significance for the frequency of 4000 Hz (p = 0.054) (Table 5).

Table 1. Descriptive values and comparison between the ears of the tympanometry results (N = 54 ears)

Standard

Tympanometry Ear Mean Median Deviation N Cl p-value
RE 0.80 0.6 0.64 27 0.24
Volume (mL) 0.97
LE 0.86 0.6 0.80 27 0.30
RE -1.85 0 9.62 27 3.63
Pressure (daPa) 0.31
LE 0.00 0 0.00 27 -X-

Statistical test: Wilcoxon test. Significance level: p <0.05

Subtitle: RE = right ear; LE = left ear; N = sample size; Cl = confidence interval; mL = milliliters; daPa = decapascal

Table 2. Descriptive values and comparison between the ears of the results (S/N ratio in dBSPL) of distortion-product evoked otoacoustic emission

testing (N = 54 ears)

Sl R a?io = . Standard
Emissions Ear Mean Median Deviation N Cl p-value
(dBSPL)
2000 Hz RE 9.52 9.60 8.32 27 3.14 0.53
LE 10.39 10.10 8.33 27 3.14
3000 Hz RE 12.77 15.50 9.12 27 3.44 0.40
LE 11.87 12.90 7.49 27 2.82
4000 Hz RE 13.21 14.20 10.70 27 4.04 0.44
LE 12.03 13.80 9.60 27 3.62
6000 Hz RE 8.02 8.80 10.71 27 4.04 0.78
LE 7.83 7.10 7.73 27 2.92

Statistical test: Wilcoxon test. Significance level: p <0.05

Subtitle: RE = right ear; LE = left ear; N = sample size; Cl = confidence interval; S/N ratio = signal-to-noise ratio; dBSPL = decibels sound pressure level; Hz = Hertz

Table 3. Distribution of tympanometric curves per ear (N = 54 ears)

Type (RE) N % p-value Type (LE) N % p-value
Type A 14 51.9 Ref. Type A 14 51.9 Ref.
Type Ad 6 22.2 0.02 Type Ad 5 18.5 0.01
Type Ar 7 25.9 0.05 Type Ar 8 29.6 0.09
Statistical test: Two-proportion z-test. Significance level: p <0.05
Subtitle: RE = right ear; LE = left ear; N = sample size; % = percentage; Ref = Reference
Table 4. Association of the results for distortion-product evoked otoacoustic emissions and tympanometry, per ear (N = 54 ears)
Tympanometry el
DPOAEs Abnormal Normal Total
N % N % N %
RE Abnormal 7 54 2 14 9 33% 0.029
Normal 6 46 12 86 18 67%
LE Abnormal 9 69 2 14 11 41% 0.004
Normal 4 31 12 86 16 59%
Statistical test: Chi-square test. Significance level: p <0.05
Subtitle: RE = right ear; LE = left ear; N = sample size; % = percentage; DPOAEs = distortion-product evoked otoacoustic emissions
Audiol Commun Res. 2020;25:¢2261 3|5
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Table 5. Descriptive values and comparison of the amplitude of distortion product evoked otoacoustic emissions (dBSPL), considering the

tympanometry results (N = 54 ears)

S/N Ratio DPOAESs (dBSPL)

Tympanometry Mean Median SD N Cl p-value
2000 Hz Abnormal 7.93 7.45 9.95 26 3.83 0.174
Normal 11.83 11.70 5.88 28 2.18
3000 Hz Abnormal 10.58 11.55 9.93 26 3.82 0.264
Normal 13.94 15.55 6.12 28 2.27
4000 Hz Abnormal 9.72 11.50 11.02 26 4.24 0.054
Normal 15.31 16.20 8.46 28 3.13
6000 Hz Abnormal 6.05 4.30 10.25 26 3.94 0.048
Normal 9.66 9.90 8.02 28 2.97

Statistical test: Mann-Whitney test. Significance level: p <0.05

Subtitle: N = sample size; DPOAEs = distortion-product evoked otoacoustic emissions; Hz = Hertz; dBSPL = decibels sound pressure level; S/N ratio = signal-to-noise

ratio; SD = standard deviation; Cl = confidence interval

DISCUSSION

The purpose of this study was to find an association between
the results of the tympanometric curves (A, Ar and Ad) with the
results for DPOAESs in order to check whether abnormalities in
the admittance of the tympanic-ossicular system may interfere
with the emission findings, even in cases of normal hearing.

The tympanometric findings showed a higher
occurrence of type A curves in subjects without hearing
complaints (RE=51.9% LE =51.9%). However, in this population,
there were also abnormal tympanometric curves, with a higher
incidence in the type Ar curve (RE = 25.9% LE = 29.6%).
The complaints reported by the individuals with abnormal
curves ranged from dysphonia to allergies, such as rhinitis and
sinusitis, ruling out possible otologic complaints.

Tables 1 and 2 show that there was no difference in the results,
both for tympanometry and for DPOAESs, when comparing the
ears. This finding confirms data from the literature, which have
already pointed out that there is no difference between the ears, in
the analysis of emissions otoacoustic in normal-hearing adults"®.

There was a predominance of present DPOAESs with normal
tympanometric curves (86%), in the same way as absent DPOAEs,
with abnormal tympanometric curves (RE = 54% LE = 69%),
regardless of ear. Some previous studies have reported that
individuals with normal audiograms may present variability in
the results of DPOAES, because of the conditions of the middle
ear, which is responsible for the conduction of sound and directly
interferes in the recording of otoacoustic emissions; namely,
it may hide or even decrease the amplitude of response®®!17,
The transmission of sound from the outer ear to the inner ear
can be affected by the pathologies of the tympanic membrane,
thus impairing the recording of OAEs™. In a previous study,
researchers concluded that there may be distortions in the recording
of otoacoustic emissions at low frequencies, because energy
transmission is less effective when energy passes through the
middle ear. However, the cochlea can also produce less distortion
at low frequencies when compared to high frequencies®. Another
study investigated the influence of tympanometric curves on the
amplitude of low frequencies in DPOAEs!'®. However, these
distortions could not be found in the present study because it
evaluated frequencies that ranged from 2000 to 6000 Hz, as a
result of the high incidence of distortions at low frequencies,
for reasons other than the middle ear alone"”. There was a
statistically significant difference (p = 0.048) regarding the S/N
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ratio (signal-to-noise ratio) of the DPOAE:s, at the frequency of
6000 Hz, in which the median in the ears with abnormal curves
was lower than that of the ears with the type A curve. A similar
behavior was found for the frequency of 4000 Hz, but with a
tendency to statistical difference (p = 0.054). One limitation
of this study is sample size. If the sample had been larger, the
difference might have been significant.

After the observation of clinical practice and the analysis of
the results of tympanometry and otoacoustic emission testing in
individuals with a dysfunctional middle ear - either because of
rigidity or flaccidity of the tympanic-ossicular system - it can
be inferred that there was a possible interference in the energy
transmitted through the external auditory canal to the outer hair
cells, and/or by the energy that is generated by the OHC and
which is propagated throughout the EAM, thus interfering in the
recording of the response by the probe of the OAE equipment.

The tests carried out in this study are complementary to
one another, which highlights the importance of using different
methods of auditory function assessment - whether behavioral,
electroacoustic, or electrophysiological - for a more accurate and
safer diagnosis, avoiding false positives and delayed diagnosis,
regardless of the patient’s age.

CONCLUSION

In conclusion, there is a higher occurrence of otoacoustic
emissions in individuals with normal hearing and type A
tympanometric curve, and the amplitude of DPOAEs at 6000 Hz
is smaller in individuals with normal hearing and type Ar or Ad
tympanometric curve.
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