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Historical Perspective: 
Thomas Gold … OAE Prophet (1948)



David Kemp, PhD 
Discoverer of OAEs in 1970s 

From: Hall JW III Introduction to Audiology Today (2014). Boston: Pearson Educational



Bill Brownell, PhD 
“Discoverer of Outer Hair Cell Motility”

Brownell W (1990). 
Outer hair cell electromotility and 
otoacoustic emissions. 
Ear & Hearing, 11, 82-92



 
 Current Clinical Application of OAEs  

Many Commercially Available Clinical OAE Devices



 
 Current Clinical Application of OAEs:  

Large and Still Growing Literature  
www.nlm.nih.gov “otoacoustic emissions”

http://www.nlm.nih.gov/otoacoustic
http://www.nlm.nih.gov/otoacoustic
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Otoacoustic Emissions Today:  
Overview of Anatomy 

(From Dhar & Hall, 2018)



Auditory Anatomy Involved in the  
Generation of OAEs

❑ Outer hair cell motility
● Prestin motor protein

❑ Stereocilia
● Motion
● Stiffness

❑ Tectorial membrane
❑ Basilar membrane mechanics

● Dynamic interaction with outer 
hair cells

❑ Stria vascularis
❑ Middle ear (inward and outward 

propagation)
❑ External ear canal

● Stimulus presentation 
● OAE detection



Generation of OAEs: 
Role of Outer Hair Cells 

(From Dhar & Hall, 2018)
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 Conventional OAE Taxonomy …Stimulus Based 

(From Dhar & Hall, 2018) 



 
 Current OAE Taxonomy … “Mechanism Based” 

Shera & Guinan (1999). JASA, 105, 782-798



 
 Reflection Source Emissions 

Shera & Guinan (1999). JASA, 105, 782-798



 
Reflect Source Emissions 

(From Dhar & Hall, 2012)



 
Distortion Product Emissions 

Shera & Guinan (1999). JASA, 105, 782-798



 
Distortion Production OAEs: 

Two Sources 
(From Dhar & Hall, 2012)



 
 OAE Anatomy, Physiology, and Mechanisms: 

Reflection versus Distortion Source
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❑ Calibrate OAE equipment at the 
beginning of each clinic day
• Hard walled cavity is 

supplied with OAE device
• Components in OAE probe 

assembly are delicate
• Cerumen and debris can 

occlude tiny ports

Measurement of Otoacoustic Emissions  
Calibration is Important
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 Guidelines for Measurement of 

Otoacoustic Emissions in Clinical Audiology  

❑ Perform otoscopic inspection 
before OAE recording

❑ OAE is recorded in the 
external ear canal

❑ OAE recording may be 
compromised by ear canal:
• Cerumen
• Vernix
• Debris
• Foreign objects



 
 Guidelines for Measurement of 

Otoacoustic Emissions in Clinical Audiology  

❑Two sources of noise
• Acoustical
• Physiological

❑Techniques for minimizing 
noise in the EAC

• Reduce ambient noise
• Tight probe fit
• Deep probe insertion
• Locate patient away 

from OAE equipment
• Modify test protocol



Secure and Deep Probe Fit is Important 
for Valid Measurement of OAEs

(From Dhar & Hall, 2018)
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OAEs are Highly Frequency Specific: 
Probe Inter-Octave Cochlear Function with DPOAEs



The Two Way Middle Ear Link in Recording OAEs



Acoustic Immittance Measurements and OAEs:
Perform Tympanometry 



❑ Child and family history
❑ Otoacoustic emissions
❑ ABR during initial evaluation to confirm type, degree & configuration of 

hearing loss
❑ Acoustic immittance measures (including acoustic reflexes) using high 

frequency (1000 Hz) probe tone
❑ Supplemental procedures (insufficient evidence to use of procedures as 

“sole measure of auditory status in newborn and infant populations”)
● Auditory steady state response (ASSR)
● Acoustic middle ear reflexes for infants < 4 months
● Broad band reflectance

❑ Behavioral response audiometry (if feasible)
❑ Parental report of auditory & visual behaviors
❑ Screening of infant’s communication milestones

Diagnosis of Hearing Loss: Protocol for Confirmation of Hearing Loss in 
Infants and Toddlers (0 to 6 months) 
Year 2007 JCIH Position Statement 
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Screening = pass (DP – NF = > 6 dB)
Diagnostic = abnormal 

OAE Analysis: 
Not “Present” versus “Absent” but …

1. Normal, 2. Present but Abnormal, or 3. Absent

Present but 
Very 

Abnormal



Normal Present but 
Abnormal

No  
OAE

OAE Analysis: 
Not “Present” versus “Absent” but …

1. Normal, 2. Present but Abnormal, or 3. Absent



 
(Data from Gorga, Stover & Neely, 1996) 
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OAE Analysis for Preschool and School Age Hearing 
Screening:  “Pass” = DP amplitude > 0 dB SPL



Review … 
General Steps in Analysis of OAE Findings

! Verify adequately low noise floor (< 90% normal limits)
! Verify repeatability of TEOAE or DPOAE amplitude
! Perform analysis at all test frequencies
! Three possible outcomes (for any test frequency)

• Normal
✓OAE amplitude – NF > 6 dB
✓OAE amplitude within normal limits (> ~ 0 dB SPL)

• Present but abnormal
✓OAE amplitude – NF > 6 dB
✓OAE amplitude below normal limits (< ~ 0 dB SPL)

• Absent
✓OAE amplitude – NF < 6 dB
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OAEs in Early Detection of Outer Hair Cell Dysfunction:
Rationale Underlying Many Clinical Applications

(Remember: OAEs may be abnormal with normal audiogram)

Abnormal
OHC 

(OAEs)

Normal
OHC 

(OAEs)



OAEs and Auditory Function:
Generation of OAEs is “Pre-Neural”

(Very Important for Identification of ANSD)



The Cross-Check Principle is Important in Diagnostic 
Audiology with Children and Adults  

(Jerger J & Hayes D. Arch Otolaryngol 102: 1976)



❑ Apply the “crosscheck principle in analysis of OAE findings,
❑ Critically compare OAE findings, after close and careful 

analysis, with findings for 
• Aural immittance measures 
✓ Tympanometry
✓ Acoustic reflexes

• Wideband reflectance/absorbance
• Pure tone audiometry thresholds
• Auditory brainstem response (ABR) findings
• Auditory processing test results 

 
Analysis of Otoacoustic Emissions (OAEs) 

Importance of Crosscheck Principle
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Clinical Applications of Otoacoustic Emissions 
Advantages and Disadvantages

Dhar & Hall (2018) OAE Textbook Table 7.1 
Advantages                            Disadvantages



❑ Newborn hearing screening    (> 
880 peer reviewed publications)

❑ Preschool hearing screening
❑ Diagnosis of auditory 

dysfunction
❑ Identification of ANSD
❑ Ototoxicity monitoring
❑ Detection of false hearing loss
❑ Evaluation of hyperacusis
❑ Risk for music induced HL

 
Clinical Applications of OAEs in Children



❑ Newborn hearing screening (> 
750 peer reviewed publications)

❑ Preschool hearing screening
❑ Diagnosis of auditory 
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Positive Clinical Experiences with 
Hearing Screening in Pre-School Populations 

(Head Start Programs)



Pediatric Applications of Otoacoustic Emissions:  
Pre-School Hearing Screening 

(Send me an email to request a reprint)



❑ Newborn hearing screening (> 
750 peer reviewed publications)

❑ Preschool hearing screening
❑ Diagnosis of auditory 

dysfunction
❑ Identification of ANSD
❑ Ototoxicity monitoring
❑ Detection of false hearing loss
❑ Evaluation of hyperacusis
❑ Risk for music induced HL
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❑ Child and family history
❑ Otoacoustic emissions
❑ ABR during initial evaluation to confirm type, degree and 

configuration of hearing loss
❑ Immittance measures using high frequency (1000 Hz) probe tone
❑ Supplemental procedures 

●Auditory steady state response (ASSR)
●Acoustic middle ear reflexes for infants < 4 months
●Broad band reflectance

❑ Behavioral response audiometry (if feasible)
❑ Parental report of auditory & visual behaviors
❑ Screening of infant’s communication milestones

Diagnosis of Hearing Loss in Infants and Toddlers (0 to 6 months): 
Year 2007 Joint Committee on Infant Hearing  

(JCIH) Position Statement 



❑ Newborn hearing screening (> 
750 peer reviewed publications)

❑ Preschool hearing screening
❑ Diagnosis of auditory 
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❑ Ototoxicity monitoring
❑ Detection of false hearing loss
❑ Evaluation of hyperacusis
❑ Risk for music induced HL
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Identification and Diagnosis of Auditory Neuropathy Spectrum 
Disorder (ANSD): Minimal Test Battery (2008 ANSD Guidelines)

❑ Tests of cochlear hair cell function  
● Otoacoustic emissions (OAEs) 
● Cochlear microphonic (ECochG and ABR) 

✓CM may be present when OAEs are absent (e.g., with middle ear 
dysfunction) 

❑ Tests of auditory nerve function  
● ABR for high intensity click stimulation (e.g., 80 to 90 dB nHL) with 

separate averages for: 
✓Rarefaction stimulus polarity 
✓Condensation stimulus polarity 

❑ Additional tests   
● Acoustic reflex measurement (generally acoustic reflexes are absent in 

ANSD) 
● Suppression of otoacoustic emissions (abnormal, e.g, no suppression 

in ANSD)



❑ Newborn hearing screening (> 
750 peer reviewed publications)

❑ Preschool hearing screening
❑ Diagnosis of auditory 

dysfunction
❑ Identification of ANSD
❑ Ototoxicity monitoring
❑ Detection of false hearing loss
❑ Evaluation of hyperacusis
❑ Risk for music induced HL
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 Figure 3.13 

 
Mechanisms of Ototoxicity (Cisplatin) 

From Brock et al. Journal of Clinical Oncology 30, 2012  



❑ Newborn hearing screening (> 
750 peer reviewed publications)
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Strong Rationale for Detection and Diagnosis of  
False Hearing Loss in Children with OAEs  

(Dhar & Hall, 2918, Table 7.5)



 
Clinical Applications of OAEs in Children  

More Applications and Populations in Chapter 7



❑ Industrial hearing screening
❑ Risk for noise or music induced auditory 

dysfunction
❑ Tinnitus evaluation and counseling
❑ Ototoxicity monitoring
❑ False or exaggerated hearing loss
❑ Cochlear vs. retrocochlear diagnosis
❑ Meniere’s disease
❑ Hidden hearing loss
❑ Monitoring intracranial pressure in 

concussion injury 

 
Clinical Applications of OAEs in Adults



 
Clinical Applications of OAEs in Adults  

More Applications and Populations in Chapter 8



❑ Conclusions
●OAEs are a highly sensitive measure of 

cochlear (outer hair cell function) … 
more sensitive than the audiogram
●Normal OAEs = amplitude > 0 dB SPL
●Always rule out middle ear dysfunction 

in patients with abnormal OAEs
●OAEs must be included in diagnostic 

test battery for children
●There are important clinical 

applications of OAEs in adults
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