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Abstract

OBJECTIVES: The purpose of this study was to give a brief review of the effectiveness of
otoacoustic emissions for getting frequency-specific information about a hearing-loss
problem in newborns after hearing screening. Especially, the advantages of
distortion-product otoacoustic emissions (DPOAE) over transiently evoked otoacoustic
emissions (TEOAES) are described.

DATA SOURCES: Approximately 186 ears of 104 children aged between 76 days and 15 years
and 436 ears of adults with normal hearing and sensory hearing loss.

METHODS: Extrapolated DPOAE I/0-functions at frequencies between 1.5 and 6 kHz were
obtained in the children for assessing the hearing loss and for differentiating between a
transitory sound-conductive hearing loss and a persisting cochlear hearing loss. For getting
information on the test time needed, measurements were performed in the adult patients.
RESULTS: DPOAE thresholds derived from extrapolated DPOAE 1/0-functions (DPOAE
audiograms) are closely related to behavior audiometric thresholds and can be used for
determining characteristic quantities of the cochlear-impaired ear. A DPOAE audiogram can
be obtained in a couple of minutes. DPOAE audiograms are able to reveal a transitory
sound-conductive hearing loss because of Eustachian tube dysfunction and/or amniotic fluid
in the tympanic cavity or to confirm a persisting cochlear hearing loss because of outer hair
cell impairment in babies with a reference result in newborn hearing screening.
CONCLUSION: DPOAE audiograms provide a tool for a fast automated frequency-specific and
quantitative evaluation of a mild or moderate hearing in follow-up diagnosis.
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FIG. 1. Schematic drawing to show how TEOAEs and DPOAEs are evoked within the
cochlea and subsequently measured in the outer ear canal. The sound probe consists of
a microphone for measuring the acoustic response signal and either one loudspeaker for
applying a click stimulus (TEOAE) or of 2 loudspeakers for applying 2 independently
generated primary tones with frequencies f; and f, and levels L; and L,. OAEs are a
by-product of nonlinear sound amplification within the cochlea because of outer hair cell
(OHC) motility. TEOAEs represent OHC pulse responses along the basilar membrane.
Basal high-frequency responses appear at the beginning, and apical low-frequency
responses appear at the end of the TEOAE time function. Stimulus and high-frequency
TEOAE responses superimpose and are therefore removed from the microphone signal.
Noise is lowest at mid frequencies. Therefore, TEOAEs fail to obtain information on
cochlear function at high and low frequencies. DPOAEs are generated within the region
of overlap of the traveling waves of the 2 primary tones close to the f, place. Thus,
DPOAE provide information on cochlear function at a distinct place.
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FIG. 2. Schematic drawing of how to determine DPOAE thresholds and to estimate
hearing loss at different test frequencies when eliciting DPOAEs using “scissor” stimulus
setting (L1 = 65|L2 = 65, L1 = 63|L2 = 60, L1 = 61|L2 =55 L1 = 59|L2 =50, L1 =
57|L2 =45, L1 = 55|L2 =40, L1 = 53|L2 = 35, L1 = 51|L2 = 30). DPOAEs are plotted
in double-logarithmic (L across L2) and semi-logarithmic (p across L2) scales.
Intersection of the linear regression line with L2 axis serves as an estimate of DPOAE
threshold. At test frequencies where DPOAEs are only present at 2 L2 levels or 1 L2
level, no extrapolation is performed. In this case, the estimated threshold is calculated
by the lowest L2 (L2min) at which a valid DPOAE could be achieved minus 15 dB. After
converting SPL in HL, a DPOAE audiogram is constructed. Circle means threshold
estimation by means of extrapolated DPOAE 1/0 functions; square means simplified
estimation L2min—15dB; arrow symbol means no DPOAE are measurable, and thus, the
hearing loss is estimated to be higher than 50 dB HL.
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FIG. 3. DPOAE audiograms in 2 newborns (A and B) with temporary sound-conductive
hearing loss. Newborn “a” with a “pass” ATEOAE screening response exhibits a
low-frequency hearing loss in the first measurement (3 d after birth). In the second
measurement (86 d after birth), the DPOAE audiogram indicates normal hearing. In
newborn “b” with a “refer’ATEOAE screening response, no DPOAE could be measured
(except at 4 kHz) in the first measurement (1 d after birth). DPOAE audiogram obtained
in the second measurement (13 d after birth) indicates normal hearing.
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FIG. 4. Pure-tone audiograms (open circles) and DPOAE audiograms (black symbols) —6
years old boy, left ear (A); 5 month old girl, left ear (B); 3 months old girl, right (C) and
left ear (D). Pure-tone audiogram and DPOAE audiogram are closely related in the
6-year-old boy. The free-field audiogram (dotted lines) of the 5-month-old girl indicates
a hearing loss of 50 dB HL in the entire frequency range. However, the DPOAE
audiogram reveals a hearing loss only in the mid and low frequency range. The free-field
audiogram of the 3-month-old girl indicates a hearing loss of 40 dB HL. In the right ear,
DPOAEs are not present, indicating that the hearing loss must be higher than 50 dB (red

arrows in Fig. 4C). In the left ear, DPOAE audiogram indicates normal hearing.
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FIG. 5. Scatter plot of the difference
between behavioraland estimated
threshold from DPOAE 1/0O-functions
across age obtained in 186 ears of 104
children aged between 76 days and 15
years. Squares represent free-field, and
circles represent head-phone thresholds.
Difference  between behavioral and
estimated thresholds decreases with
increasing age.
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FIG. 6. Scatter plot of measuring time for
getting a DPOAE audiogram at frequencies
f2=1.5, 2, 3, 4, and 6 kHz across average
audiometric hearing thresholds. Data are
from 436 ears of patients with cochlear
hearing loss.
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