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OBJECTIVES:  

From Laboratory to Clinic:  A Large Scale Study of Distortion Product Otoacoustic Emissions                    
in Ears with Normal Hearing and Ears with Hearing Loss 

1) To describe distortion product otoacoustic emission (DPOAE) measurements in large groups of subjects with 
normal hearing and with hearing loss, and to use the data to provide comprehensive descriptions of DPOAE test 
performance.  
2) To describe the effects of primary frequency and audiometric threshold on the extent to which DPOAE 
measurements accurately identify auditory status.  
3) To develop an approach that describes the probability that any measured response is coming from either a 
normal or an impaired ear.  
4) To develop an approach for representing DPOAE data clinically.  
5) To explore the relation between magnitude of hearing loss and DPOAE measurements.  
 
DESIGN:  
DPOAE measurements were made using conditions that previously had been demonstrated to result in the 
greatest separation between normal and impaired ears.  All data were analyzed using clinical decision theory, 
including relative operating characteristic (ROC) curves and estimates of areas under these curves (Az). In 
addition, cumulative distributions were constructed of response properties from both normal and hearing-
impaired ears. These cumulative distributions were used to select specific probabilities that measured responses 
were coming from either the normal or impaired distributions, and to develop an approach for describing 
clinical DPOAE data. 
 
In order for any data from any subject to be included, a pure-tone audiogram had to be available for the ear 
under test.   Audiometric thresholds were needed because the DPOAE data were compared to the audiogram, 
which was used as the “gold standard” of auditory function.” 
 
Note:  Conflict statement as intro (pg. 442) end of first column states the following:  “The data collected was in 
a sound-treated environment and required between 2 and 4 hours of data collection per ear.  Additionally, 210 
ears were included in the study, when divided over the entire range of hearing loss, there were many cells 
(autonomic thresholds) with very few observations.”  The procedure provided on pg. 443 indicates that all 
measurements were obtained in a quiet room.  It states the following:  “All DPOAE measurements were made 
in a quiet room adjacent to the clinic.  None of the DPOAE data reported in this paper were collected in a 
sound-treated environment.”   
 
PROCEDURE: 

1. Audiometric and middle ear assessments  
2. DPOAEs were then measured using a Bio-Logic Scout System.  This system also uses an Etymotic ER-

10C probe microphone measurement system, having tow independent transducers on which the two 
primaries were delivered, and a measurement microphone that was used for ear-canal calibrations and 
response measurements.   

3. Ear-canal calibrations were used to set levels for all primaries.  While there are concerns for the 
accuracy of such a calibration procedure, (especially in the higher frequencies), in-the-ear sound 
pressure calibrations were used as the current best estimate of the signal that was being delivered to the 
ear. 

4. DPOAEs were estimated as the amplitude in the frequency bin for the cubic distortion product (2f1-f2) 
and noise estimates were derived from the average amplitudes in the three frequency bins on either side 
of the 2f1-f2 bins.  DPOAE/noise was defined as the dB difference between these two estimates.   

5. A noise level stopping rule was selected in an effort to push noise levels sufficiently low that even small 
DPOAEs would be resolved.   
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6. A test-time limit of 32 seconds (artifact-free averaging) per frequency was selected in efforts to use 
conditions that might be executable under routine clinical conditions. 

7. All DPOAE  measurements were made in a quiet room adjacent to the clinic.  None of the DPOAE data 
reported in this article were collected in a sound-treated environment.   

 
RESULTS:  
Test performance, defined by Az, was best for mid and high frequencies and poorest for lower frequencies and 
for the highest frequency tested (8000 Hz). Performance was best when normal hearing was defined as 
audiometric thresholds between 20 and 30 dB HL, with poorer performance for more stringent or lax 
audiometric criteria.   Note:  DPOAE responses from normal and impaired ears were never completely 
separated, therefore, the optimal criterion values could still result in errors in identification of auditory status. 
 
CONCLUSIONS:  
Within the limits related to the effects of primary frequency and audiometric criterion, it appears that DPOAE 
measurements can be used to accurately identify auditory status. An approach is described, using the present 
data set, that allows one to assign to any measured DPOAE value (DPOAE amplitudes, DPOAE/noise) the 
probability that the response is coming either from the distribution of normal or impaired responses. In addition, 
DPOAE/noise systematically decreases as hearing loss increases over the range of hearing losses from 0 to 
about 40 to 60 dB HL (depending on frequency), thus potentially enabling one to differentiate hearing losses 
over this range. For hearing losses greater than 50 to 60 dB HL, ears do not produce measurable DPOAEs and 
thus, no predictive relationship exists. 
 
 
Previous studies examined the activity of DPOAEs by comparing aspects of these measurements with the pure-
tone audiogram.  The study featured in this article was to evaluate DPOAE test performance in relation to 
auditory function.  The information generated from this research can be used to generate relative operating 
characteristics (ROC) curves that describe test performance for the entire range over which test measurements 
may be made.  The results have shown that DPOAEs are more accurate at identifying hearing loss for mid and 
high frequencies but shows poorer performance for frequencies in the range at and below 1000 HZ.   The poorer 
performance in the low frequencies is due in part to the poorer signal to noise ratios (S/N) for those frequencies, 
which may be exacerbated by the way DPOAEs are typically measured.    The data obtained from the analysis 
was also used to show that DPOAE measurements separate ears with normal hearing (defined as thresholds of 
20 dB HL or less) from those with hearing loss more accurately when moderate level primaries are used, and 
that test performance decreases for either lower or higher level primaries.   
 
If the measurements used to obtain clinical information such as determining whether hearing loss is present, 
either DPOAE amplitude or DPOAE to noise ratio typically is measured, and a decision regarding auditory 
status is based on whether the measured value is above or below some criterion value.   
 
It is important to note that the DPOAE measurement that is obtained, like all audiological measurements, do not 
yield perfect test performance, as it is impossible to select a criterion value where no errors will occur. The 
clinical application of many measurements typically use measures of central tendency and variance derived 
from data obtained in subjects with normal auditory function in order to obtain values of the criterion measure 
for clinical decisions.  Such an approach, however, only provides information about he rate at which normal 
ears are correctly identified (specificity) and the rate at which normal ears are incorrectly labeled as impaired 
(false-positive rate).   It provides no information about the extent to which impaired ears are correctly identified 
(hit rate or sensitivity) or the extent to which ears with hearing loss are incorrectly labeled as normal (false-
negatives or misses).  

 
Audiometric thresholds are used as the gold standard in order to classify an ear as either normal or impaired.  
DPOAE measures serve as the experimental condition used to classify the same ears.  The extent to which the 
classification based on the gold standard (audiometric threshold).   
 



 
 
Additional Facts Obtained from Article:   

• Noise levels systematically increase as frequency decreases below an f2 of about 2000 Hz.  For 
frequencies above 2000 Hz, it matters little because the noise levels are typically low for these 
frequencies. 

• It has been shown that age alone may not be a particularly important variable in relation to OAE 
measurements, once the variance associated with hearing loss is taken into account.   

• The association between OHC damage and changes in auditory function is well established and all of 
these changes occur when the OHCs sustain injury.  Since one consequence of damage to the OHCs is 
the loss of normal nonlinear processes, it follows that otoacoustic emission (OAEs), byproducts of these 
nonlinear processes, will also be reduced or absent.  These facts underlie the application of OAE 
measures in efforts to identify the presence of hearing loss. 

• Alternative approaches to noise estimates and/or the inclusion of other measures of reliability might also 
help to improve performance at lower frequencies.   

• Additional factions that might influence DPOAE performance for lower frequencies include differences 
in the middle ear energy transfer as a function of frequency.  That is, energy may be transmitted less 
efficiently by the middle ear both in the forward (stimulus) and reverse (response) directions for lower 
frequencies.   

• Poorer performance at 8000 Hz might be a consequence of standing-wave problems at high frequencies, 
which presumable could affect both the calibration of stimulus sound pressure levels and the 
measurement of response amplitudes.   

• Ear-canal calibrations frequently revealed significantly less output in the higher frequencies.   
• No effort was made to take into account the inherent floor effects that limit DPOAE measurements.  

These effects include the level at which the recording system products distortion, its relation to the noise 
stopping rule, and the possibility that, by chance, unusually low estimates of noise might be observed.  
In an effort to prevent a random high DPOAE/noise ration from being erroneously interpreted as a 
response, all measurements were adjusted to take into account this floor effect.  However, taking these 
steps had little effect on test performance (defined by Az).   

• It is generally accepted that persons having thresholds less than or equal to 20 dB HL will experience 
little, if any, communication problems, and that hearing loss exceeding this amount may cause problems 
with the difficulties increasing as the magnitude of the learning loss increases.   

• A relation exists between DPOAE measurements and audiometric threshold such that it would appear 
that DPOAEs can be used to predict the magnitude of hearing loss for losses not exceeding 60 dB HL.   

• When DPOAEs make errors in diagnosing auditory status, the errors usually are between adjacent 
categories of hearing loss, and not between distant hearing loss categories. 

 
 
 
 
 

MEHA Hearing Screening in Israel:  Searching for Efficient Screening Tool 

Notes: 
• In the Middle East, the average age of hearing deficit detection is over 10 years, 4 times that of Western 

Europe and the US, and almost 10 times that of Israel.  The differences are mainly the result of 
availability of community services, modern diagnostic procedures and trained personnel.  In the Middle 
East these factors combine with a higher incidence of hearing impairments due to genetic factors 
augment the magnitude and severity of the problem. 

 
• The main obstacles to the implementation of screening standards in many parts of the Middle East are 

social, such as poverty and concealment of handicaps in the family, and availability of trained personnel 
and equipment.   

 



• The difference in cochlea-origin of the signals, higher frequency specificity in DPOAE and better signal 
to noise ration making the DPOAE signal less prone to noise contamination. 

 
Goal of Project Conducted in Paper: 

The goal of the project was to evaluate two technologies (DPOAE and TEOAE) for efficient screening to a 
given population in the Middle East.  The study was conducted on newborns in two stages: the first OAE 
conducted within 24 hours of birth and a second OAE a day later.  Using identical protocols the AuDx for 
DPOAE screening test and ILO for the TEOAE test.  The results indicated that between groups and within 
each group, screening with DPOAE resulted in significant less refers than TEOAE.  The pass and refer 
results of the AuDx and ILO screeners for different hearing loss severity categories at the audiometric 
frequency range of 1-8kHz yielded a hit rate of 100% for the AuDx and a 94% with ILO.  Normal 
audiograms resulted in 19.4% refers by the ILO screener compared to 6.5% with the AuDX.  However, 
hearing loss in 1-3 frequencies the performance are equally poor and variable in both screeners.   

 
• In this clinical study, the Audx unit represents 71.8% specificity and 100%  sensitivity in the 1-4kHz 

range.  It is important to note that these results exceeded competitor ILO (ILO sensitivity = 96.4% and 
specificity = 64%) 
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Screening for Hearing Loss Using DPOAE 
 

♦ The Welch Allyn OAE Hearing Screener is a screener of cochlear function. 
♦ If a patient refers on the Welch Allyn OAE Hearing Screener, this implies that further 

audiological testing is needed to confirm or rule out the presence of hearing loss or 
middle ear disorder. 

 
Why use the Welch Allyn OAE Hearing Screener to screen for hearing loss?  
Because it is objective (no patient response necessary), fast and requires only minimal patient 
preparation and cooperation (unlike ABR or pure tone audiometry). 
 
OAE is recommended by the Joint Committee on Hearing Loss, National Institute of Health and 
American Academy of Pediatrics as a screener for hearing loss.   
 
Why doesn’t the OAE hearing screening protocol include 500 Hz? 
According to – Gorga MP, Neely ST, Bergman B, Beauchaine KL, et al (1993) Otoacoustic 
emissions from normal-hearing and hearing-impaired subjects:  Distortion product responses.  J 
Acoust Soc Am 93(4):2050-2060. 
 
♦ “Assuming that background noise in each frequency band is random, the amount of averaging 

at 500 Hz would need to increase by a factor of about 10,000 to achieve the same low level of 
background noise that is observed at 4000 Hz.  Such an increase in test time is not clinically 
or experimentally practical.” 

♦ Based on the 180 normal hearing and hearing-impaired subject from which this data was 
collected, the Hit Rate percentage at 500 Hz .51 for DPOAE absolute amplitude and .46 for 
DPOAE Signal to Noise ratio.  The conclusion can be made that at 500 Hz diagnostic 
accuracy is no better than chance.  

♦ “For the routine clinical conditions under which these measurements were made, it would 
appear that DPOAE measurements provide no information about hearing status at 500 Hz.” 

♦ Conclusion: “Neither TEOAE or DPOAE performed well enough at 500 Hz to justify their 
clinical use at this frequency.” 

 
Why is the screening protocol in the Welch Allyn OAE Hearing Screener appropriate? 
 
♦ Most congenital hearing losses involve the mid and/or high frequencies which are targeted by 

the screening protocol. 
♦ Low Frequency hearing loss at 500 Hz and below in isolation (that is without mid and high 

frequency loss) is very rare and, if present, is typically conductive. 
♦ Conductive involvement of even a small amount will usually preclude measurement of an 

OAE response, thereby causing a refer result. 
♦ Refer to Combs JT, MD (1999) Distortion Product Otoacoustic Emissions in Ambulatory 

Pediatrics. International Symposium on Otitis Media, June 5 – Ft Lauderdale, FL 
 
Reminder 
 
The Welch Allyn OAE Hearing Screener is a screening device.  It use is not intended to diagnose 
hearing loss.  It is intended to be used to screen for hearing loss and if a patient refers this 
indicates that further more diagnostic testing is needed. 
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