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Electroacoustic Measurements:  
A New Look at Some Old Procedures!



AURAL IMMITTANCE MEASUREMENT:  
Historical Perspective!



Aural Immittance (Impedance) Historical Perspective: 
Otto Metz (1903-1995)!
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Scott-Nielsen and Terkildsen!
With Madsen ZO61 Impedance Bridge 



James Jerger!
“Father of Diagnostic Audiology”!

Observed Impedance Measurements in 1960 in Denmark!



AURAL IMMITTANCE MEASUREMENT:  
Relations among impedance components!



Early Impedance Devices (“Bridges”)!

•  GSI 1720 Immittance Meter!
•  Madsen ZO 70!
•  American Electromedics!
•  Amplaid!



Impedance Audiometry Ushers in the  
Modern Era of Audiology (1975)!



AURAL IMMITTANCE MEASUREMENT: 
Definitions!



AURAL IMMITTANCE MEASUREMENT:  
Relations among admittance components!



AURAL IMMITTANCE MEASUREMENT: 
Clinical Measurements!





A Simple System for Categorizing Tympanograms!



Tympanogram Type as a Function of Pressure Change 
Direction in 186 Ears (Hall  & Chandler, 1994)!



Tympanogram Gradient!



Tympanogram Gradient!
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Multicomponent Tympanograms: 
Admittance (Y), Susceptance (B), Conductance (G)!



“Distribution of Theta Y226 in A Clinical Population”  
(Bishop & Church, JAAA 19: 2008)!

 B (susceptance)!

 G (conductance)!

 B stiffness!

 B mass!

 B resultant!

 Y (vector sum)!

 θ (phase angle)!





Diagnosis of Hearing Loss: Protocol for Confirmation of 
Hearing Loss in Infants and Toddlers (0 to 6 months) 

Year 2007 JCIH Position Statement !



Low (226 Hz) versus High (1000 Hz)  
Probe Tone for Infant Tympanometry!



Tympanometry in Infants and Young Children: 
Clinical Recommendations and Cautions !



Wideband Power Reflectance (WBR)!

  New concept for middle ear assessment  
  Wideband power reflectance (impedance and admittance)  
  Uses broad band stimulus  
  Measured at ambient pressure or with induced ear canal 
pressure  
  Takes a few seconds to record averaged response 



Wideband Power Reflectance (WBR): 
 Measurements in 6 Domains  

  Power reflectance (%)  
  |R|2  Power absorption (%)  
  1 –|R|2 Transmittance (dB)  
  0 ×log10[1 –(|R|2)] Normalized resistance (real (Re) component)  
  [Re(Z) / Zc] Normalized reactance (imaginary (Im) component)  
  [Im(Z) / Zc] Normalized impedance magnitude (|Z /Zc|) 



What is Power Reflectance?!



 Reflectance = Reflected Power / Incident Power 

 Transmittance = Absorbed Power 

What is Power Reflectance?!



Wideband Reflectance |R(f)|: 
 R(f) depends on frequency !

Hunter, AAA convention 2005 

Like a cloth 



Reflectance Measurement!

psj 



Probe Calibration!

L3 

Earphone 

L1 
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FOUR CAVITIES 

Cavity pressures Calibration pass Cavity set  



Obtain patient measurement!



Measure Reflectance!



Bilateral Sensorineural Hearing Loss  
(SNHL)!

Feeney, JSHR, 2003 



Four Ears with Otitis Media with Effusion 
(OME)!

Feeney, JSHR, 2003 



Ossicular Discontinuity!

Feeney, JSHR, 2003 



Tympanic Membrane Perforation!

Feeney, JSHR, 2003 



Wideband Power Reflectance (WBR): 
 Findings in Healthy Newborn Infants 

 (Hunter et al, 2007)  

  Strong relationship between WBR and referred DPOAEs 
  Reflectance and OAEs combined in portable device  
  FDA approved instrument (Mimosa Hear-ID)  
  Reflectance is broad-band across entire audiometric range 
  Measurement is rapid and easy to complete in neonates 



Acoustic Stapedial Reflex  
(Anatomy adapted from Borg)  



Patterns of Acoustic Reflex Deflections: 
Normal and Abnormal  



Acoustic Reflex Decay: 
A Retrocochlear Finding  
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  Estimation of Hearing Sensitivity with Acoustic Reflex Thresholds 
for Pure Tones versus Broad Band Noise (BBN): 

Simplified SPAR (Sensitivity Prediction by the Acoustic Reflex)!

Hearing Loss in dB HL!

Pure tone signal!
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